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PREFACE.

The most important economic value of the present vol-
ume consists in:

I. The outlining in detail of all the “granites” of the
state, showing a large supply of excellent building stone.

II. The determination of the crushing strength of
thoee of the igneous rocks of the state that are available for

building purposes.
‘ III. Absorption tests made of the Arkansas “granites’”
and their comparison with other well known building stones.

The results of these tests are somewhat remarkable,
showing, as they do, that the Arkaunsas “blue granite” (pu-
laskite) will withstand a higher pressure than any of the well
known granites of the country. The low absorption of
water by this rock is also greatly in its favor for building
purposes, while its qualities on the whole rank it above all
other known granites. (See p. 53.)

But while these igneous rocks of the state will doubt-
less become still more important in the future, their chief at-
traction to the geologist lies in their purely scientific in-
terest—their history, petrography and mineralogy.

Certain localities in Arkansas have long been renowned
for rare and beautiful minerals, and especialy have those
from Magnet Cove been earnestly sought for by collectors
dod dealers in minerals. A large portion of the description
of this interesting region in the present report is taken up
with the minute chemical and crystallographic investigation
of both the older and well known minerals, as well as the
less known, or entirely unknown varieties which have been
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brought to light by the researches of the S8urvey. The older
minerals have been described and figured principally from.
what has already been written: thus brookite or arkansite,
rutile, perofskite, schorlomite, eleolite, etc.,, had been so
fully described that little was left for the present survey to
do toward their investigation, while such minerals aseudial-
ite, eacalite, manganopectolite, montichellite and others
have afforded material for original investigation for the
present workers.

The igneous rocks of the state, however, had been com-
paratively little studied; and with the exception of a few
desultory notes scattered over a wide range of literature, no
petrographic descriptions had been given of them. These
descriptions, such as they are, were made mostly without
the use of a microscope, and before petrographic methods
and appliances had reached their present state of progress.
Much space has therefore been devoted in this volame to
detailed microscopic investigations of each of the numerous
types of igneous rock. It has been found necessary in the
course of these examinations to make use of many words
and names which are unintelligible to one not a petrograph-
er, but it has been deemed best to attempt no popular ex-
planation of these terms, as such an attempt would leave the
reader, unless equipped with a petrographic microscope and
the necessary literature without any clearer idea of the
subject.

It has been found necessary to coin several new rock
vnames for species which could not well be described by the
compounding system used in general throughcut the report;
thus, pulaskite, fourchite and ouachitite, names derived
from political divisions or natural features of the state, have
been made use of. Besides the names especially mentioned,
a large number have been built up by the compounding of
the name of the principal rock to which have been prefixed
the names of one or more important minerals occurring in
it. There are few regions of the world where so many
varieties of rock occur within such small areas and in such
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almost hopeless confusion, and where besides, disintegration
and erosion have made a sharp separation of the various
types almost impossible.

The Geological Survey of the State having been estab-
lished chiefly for economic purposes, and its fands being too
small for it to do much beside purely economic work, the
study of the igneous rocks, and the scientific results here
presented, would necessarily have been omitted had the
Survey not been so fortunate as to secure the aid and valu-
able services as a volunteer assistant, of Dr. J. Francis
Williams, the author of the present volume. In October,
1889, Dr. Williams began his stadies of these rocks. The
few observations made up to that time upon igneous rocks
by other members of the Survey were placed in his hands;
to this unimportant beginning he has added five months of
field work and about nineteen months of office work.
No one could possibly have labored more faithfully or more
enthusiastically than he has done, and no one could have
produced more satisfactory results within the time that he
has been able to devote to it.

To those interested in petrography and mineralogy the
scientific results of Dr. Williams’ work need no commenda-
tion, while the people of the state who are not directly in-
terested in purely scientific work will remember that these
results must for all time reflect credit upon the state in which
the work has been done, and under whose auspices the re-
sults are here published.

The topographic maps of the Fourche Mountain region
and of the Magnet Cove region that had already been made
by the Survey were placed at Dr. Williame’ disposal when
he began his work and appearin the present volume. (Maps
I1. and IV.) These maps were made by instrumental sur-
veys (telemeter measurements) and the elevations determined
by the use of the vertical arc. Stations that could be readily
found were thus established over the entire area covered by
the maps. Many of these stations were for the purpose of
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locating partings between different kinds of rocks, while
others were utilized afterward in doing the purely geological
work. Mr. Louis L. Smith, who acted as rodman on the
topographic survey, accompanied Dr. Williams, and by his
acquaintance with the stations facilitated references to
‘the instrumental lines. The location of the dikes and of the
various rocks occurring in the Fourche Mountain and Mag-
net Cove areas is therefore as nearly accurate asit is possible
to make it on maps of the scales used. '

In Saline county no detailed topogruphic maps were
made, and map III. was coostructed by Dr. Williams
by referring to the land lines of the United States land sur-
veys.

The analyses given herein, and for which the Survey is
responsible, have been made by Dr. Williams himself, by Dr_
R. N. Brackett. the Chemist of the Survey, or by Prof. W.
A. Noyes of the Rose Polytechnic Institute. Those of Dr.
Williams were made in his own labaratory then at Clark
University where his facilities for such work enabled him to
guard against errors; owing to the lack of those facilities in
the Survey’s laboratory, analyses made by Dr. Brackett are
to be credited with a less degree of accuracy.

The time which Dr. Williams could give to this work
did not admit of his examining,in addition to the chief erup-
tive areas, all the dikes found in the state. Prof. J. F.
Kemp, of Columbia College, who has given much attention
to the study of dike rocks, very kindly undertook the ex-
amivation of the samples collected from a great many of
these dikes. The results of his work are given in Chapter
XII., and also in Chapter XIII., where the last column but
two shows which of them were examined by him and which
by Dr. Williams. It will be seen that Professor Kemp has
done a great deal of valuable work upon these rocks for
which the Survey is groatly his debtor. It is not convenient
to separate the determinations made by Prof. Kemp from
those made by Dr. Williams, and for this reason the obser-
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vations are all brought together in a single table, and credit
given to each observer.

It should not be overlooked that the dikes mentioned
1n the table and those shown upon the maps make no pre-
tention to being the only eruptive dikes in the state.
Throughout the entire region of the Ouachita uplift there
are probably scores of small dikes that have not been seen
by the members of the Survey.

In the petrographical and mineralogical portion of the
work the Survey has received the kind aid and suggestions
of Professor H. Rosenbusch of Heidelberg, of Professor
George H. Williams of Johns Hopkins University and of
Professor Orville A. Derby of 8io Paulo, Brazil. Especial
thanks are due to Prof. E. 8. Dana of Yale College for the
willingness with which he loaned the plates from his Brook-
ite article, and to Dr. F. A. Genth for his kindness in fur-
nishing unpublished analyses of several minerals from Mag-
net Cove.

For the cordial aid and cooperation in carrying on the
field work the Survey is under especial obligations to Mr.
John F. Moore and to Mr. J. M. Henry of Magnet Cove.

The types and thin sections of rocksand minerals de-
scribed in this volume are the personal property of Dr. Wil-
liams, and are now deposited in his petrographic laboratory
at Cofnell University, Ithaca, N, Y.

JOHN C. BRANNER,
State Geologist.
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THE IGNEOUS ROCKS OF ARKANSAS.
By J. FraNcis WiLLIaMS, Assistant Geologist.

CHAPTER I.

GEoLoGIC OCCURRENCE OF IGNEOUS ROCKS IN ARKANSAS
AND ADJACENT STATES.

Area and importance—The total aica of igneous rock
cxposed within the bouudaries of the state of Arkansas does not
exceed thirteen or fourteen square miles (3367 to 3626 hectares),
vut the value of these rocks as building and paving materials
gives them great economic importance. Their formation and

10de of occurrence are of especial scientific interest on account
+ © their relation to the geologic history of the state at large ;
while \heir relations to each other are of even more importance
from a purely petrographic standpoint, since they illustrate th
relative positions of certain groups of igneous rocks whose-
mutual relations have been as yet but little studied.

Character of the rocks.—The igneous rocks of Arkansas all
" belong to the eleolite * syenites and their associated dike rocks.
They are of the abyssal and iatrusive classes, as distinguished
from the metamorphic gueisses and schists and the true effusives..
It bas not been absolutely proved that some of the rocks did not
form true eruptive masses, but on the other hand no proof that

¢ The spelling eleolite has been adopted throughout this report instead of eleolite in .
order to shorten the word and to make it correspond with the spelling of Paleozoic now in,
common use.

1 Gelogical; Vol. ii., 1390.
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they did occur as such has been found, and since their crystalline
structure points to a non-effusive origin, it may well be assumed
that they all belong to the abyssal and intrusive rocks.

Geologic and geographic position.—The larger masses of
igneous rocks occur on the southeastern side of the much dis-
turbed and folded area known as the Ouachita uplift, which
extends from the central portion of the state in a nearly due
west direction to and across the Indian Territory boundary.
The smaller dikes of intrusive rock are scattered here and there
throughout the eastern half of the uplift and appear to be
independent of the folds and ridges, which were formed long
before the intrusion of the igneous masses.

The larger masses of igneous rock are, however, all situated
in or near the main anticlinal axis of the uplift and it is probable
that they were forced through at points, where, by reason of the
folding, the strata were somewhat weakened. It will be shown
later that it is probable that the greater part of the erosion which
has modified the topography of this region to such an enormous ‘
extent had practically been completed before the intrusion of the
igneous rocks.

Division of the eleolite syenites of Arkansas into areas.—The
.eleolite syenites were probably all produced from one magma, but
since they occur in four well defined argas, and as the rocks which
form these various areas differ greatly in their mineralogic com-
position, structure and occurrence, each of the regions forms a
small independent group, which can hardly be sufficiently
correlated with the others to allow of their all being described
together.

- These four regions are :

1. The Fourche Mountain or Pulaski County region.

2. The 8Saline County region.

8. The Magnet Cove region.

4, The Potash Sulphur Springs region.

Outside of these four typical regions there are many dikes
of igneous rock which as far as their petrographic characteristics
are concerned might be associated, as well with one group as with
another, and which are, as a matter of fact, probably directly
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connected with none of them, although formed from the
same magma from which they all derived their material.

The differences in structure and mineralogic composition
observed in the rocks of the four regions are due to differentia-
tions in the original magma from which they were formed, and
are attributable in many cases directly to the. conditions under
which they solidified. *

Age of the igneous rocks.—Although no very decisive data
have been obtained for the exact determination of the time of
the intrusion of the syenitic rocks, it can nevertheless be
stated with a good deal of certainty that they were formed about
the close of the Cretaceous period. The formation of these
rocks did not take place at once, however, but continued over a
considerable space of time.

Character of the adjacent sedimentary rocks.—The rocks
which constitute the Ouachita uplift{ consist principally of shales,
sandstones and novaculites of the Lower Silurian system and
these are bordered on all sides by the Lower Carboniferous or
Mississippian rocks, which lie conformably upon the former. In
the northerun part of the area where the igneous rocks occur, and
especially in the region about Little Rock, it is probable that
the rocks through which the dikes and other eruptive masses
have broken belong tothe Lower Carboniferous or Mississippian
series and not to the Lower Silurian. North of the Lower
Carhoniferous occur the Productive Coal Measures in which are
located the coal deposits of the state. These are situated in a
large synclinal basin which extends nearly ‘half way across the
state from its western boundary and is bordered on all sides, except
the west, where it extends into Indian Territory, by the
Barren Coal Measures. North of this the Lower Silurian rocks
form a wide belt and extend to the northern boundary of the
state.

Igneous rocks in Missouri.—In the southeastern part of

¢ Compare * On the Crystallization of Igneous Rocks,” by Joseph P. Iddings, Pbil. Soc.
of Washington, Bulletin XI., 1889, p. 65; and * Ueber die Ohemischen Besziechungen der
Eruptivgesteine,” von H. Rosenbusch, Mineral u, Petrogr. Mittheil., Band XI., 1889, p. 144.

t For a detailed description of this region see Vol. IIL. of the annnal report of Geol.
Sury. of Arkansas, for 1§90, by L. 8. Griswold.

.



4 ANNUAL REPORT ‘STATE GEOLOGIST.

Missouri are large areas covered by Archean rocks consisting of
granites and porphyries * and containing the well known iron ore-
deposits.of Pilot Knob and Iron Mountain. These rocks have
been shown to be of Archean age and to have been overlaid by
the Lower Silurian t rocks, which in that part of the country,.
have been but little disturbed since their deposition.

Igneous rocks in Indian Territory.—Similar Archean rocks.
have been found op Spavinaw Creek] in Indian Territory, just
west of the northwestern corner of Arkansas, but nowhere within.
the latter state have Archean rocks been found. '

Another mass of granite|| eccurs in Indian Territory two-
bundred miles south of the exposure cn Spavinaw Creek and
extending for about forty miles in a westerly direction. These
rocke are described as granites many of which are of a highly
feldspathic type, and are cut by dikes of other igneous rock. It
is not quite clear from Hill’s description to what age he ascribes
the granite, for he says, ‘“From near the above mentioned
* railroad (M., K. & T. Ry.) at New Boggy Depot, west to Tis-
homingo near the Atchison, Topeka and Santa Fe road, is a saperb-
ridge of granite forty miles in length interspersed with dikes, and:
completely cutting through the strike of the Coal Measures, and
ending the Fort Smith-McAllister coal field. This -granite
is of many species and highly feldspathic. Resting upon
this granite north of Tishomingo, and increasing in area westward
is a superb region of folds of fossiliferous Silurian limestones and
shales, with possibly earlier rocks, constituting the Arbuckle-
Wichita mountain system.” From this it would appear that the
rocks are of pre-Silurian age and that the cutting off of the coal
measures was due to a fault and not to the intrusion of the igneous.
rock. It is possible that these rocks belong to the Missouri
system of Archean granites.

¢A Contribution to the Archean Geology of Missouri, by Erasmus Haworth, American.
Geologist, Vol. 1., 1888, pp. 280 and 863. On page 281 of the paper mentioned, there is found a
1ist of the most important literature on the subject of these rocks,

1 These are marked Cambrian on the Geological Map of the United States issued in the
5th Annual Report of the Director of the U. 8. G. 8., Washington, 1885.

1 Second Rep. of a Geol. Reconnoissance of the Middle and Southern Counties of Ar-
kansas, by David Dale Owen, 1860, pp. 16 and 408.

| Exploration of the Indian Territory and the Medial Third of the Red River by R.
T. Hill. Am. Geologist, Vol. VI., 1890, p. 252.
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Tertiary and Pleistocene of Arkansas.—All of the Paleozoic
formations in Arkansas and southern Missouri are cut off on the
-eastern side by Tertiary and Pleistocene deposits, and the border
line between them and the latter is approximately parallel to the
<ourse of the Mississippi River, until the center of the state is
reached and it then turns more to the southwest. In Palaski and
8aline counties these deposits directly overlie the igneous rocks,
and show that they were deposited after the intrusion of the
{atter. -

Cretaceous in Arkansas.—The Ouachita uplift is bounded
-on the south by a band of Lower Carboniferous rocks and the
latter are in turn cut off on the south by the Cretaceous* deposits
of southwestern Arkansas which lie interposed between them
and the Pleistocene deposits further south. These Cretaceous
rocks are of especial importance, as indicating the age of the

“igneous rocks found in Pike county, Arkansas. The latter
break through the Cretaceous beds, and show conclusively that
they are posterior to them. It is, however, impossible to decide
‘whether or not these peridotites of Pike county should be correl-
ated with any of the other igneous intrusions found within the
state of Arkansas.

Igneous rocks of Texas.—The Cretaceous formation extends
‘through southwestern Arkansas and thence south into Texas.
At several places igneous intrusions have been noted and one of
-especial interest near Austin, called Pilot Knob,t has beep de-
scribed by R. T. Hill, as having appeared as a true eruptive rock,
during Cretaceous times. The rock is described by J. F. Kemp
as a nepheline basalt, and it is possible that it may have been
formed at the same time as some of the dikes and intrusions in
Arkan<as. Other intrusions of this character in the Texas
‘Cretaceous are reported to be numerous, but their petrographic
<characteristics have not as yet been worked out.

Besides these intrusions of igneous rocks large masses of

* See the report on the Neozolc Geology of Southwestern Arkansas, by Robert T. Hili,
Annual R-port of the Geolog. Survey og Arkansas for 1888, Vol. II.

. 1 Pilot Knnob: A Marine Cretaceous Volcano, by Robert T. Hill, with Noteson its
WPetrography by J. F. Kemp, Am. Geologist, Vol. VI., 1890, p. 286.
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pre-Cambrian rocks occur in the Central Mineral Region* of
Texas, which comprises a part of Burnet, Mason and Llano
counties. ,

Conclusions.—It thus appears that the eleolite syenites and
the associated dike rocks of Arkansas form a unique group
situated in an area, on all sides of which (except. perhaps the
south) igneous rocks of an entirely different character are found.
That such an area of igneous rock is of great interest, not only
from an economic, but also from a scientific point of view need
hardly be emphasized.

* First Annual Report of the Geological Survey of Texas, 1889. E. T. Duwble, State-
Geologist, 1889, p. 289, Report by T. B. Comstock.



’ CHAPTER IIL

GENERAL LITERATURE ON THE IGNEOUS ROCKS OF ARKANSAS.

Macrery.—The earliest mention of igneous rock in the state
of Avkansas, then called the Territory of Louisiana, * which has
been found was made by Joseph Macrery, M. D., 1 of Natchez,
Mississippi Territory, in the year 1806. Macrery writes that he
received his information from a certain ¢ Major E., a gentleman
of the first respectability in this territory,” who visited the
Springs in 1804, in company with a party of gentlemen from
Mississippi. He then proceeds to describe the hot springs and
their surroundings. He says (p. 48), “8ilex or flint with its
various combinations, often in the form of granite, is the stome
most commonly met with.” He describes among other speci-
mens brought him, “Feldspar of a white, inclining to a red
color, granulated texture, the surface covered with crystals of a
rectangular form and very brilliant; black schorl, with pieces of
quartz intermixed.” He then says, ““ Volcanic productions are
common. The face of the country bears strong marks of fire. A
rapid decomposition of mineral bodies below the surface still
appedrs to go on.” It appears from the foregoing sentences
that Major E. must have passed through Magnet Cove on his.
way to Hot Springs. The next statement appears to be a little
out of keeping with what has since been found near Hot:
8prings, but it is quoted as it wus written. It runs as follows:

2 All that portion of the United States which lies west of the Mississippi River, and is
bounded on the snuth by the Gull of Mexico and Mexico, as it then existed, and by Canada on«
the north, was purchased from France in 1803, and in 1805 all that portion of it nortb of the-
present Louisiana state line was organized as the Territory of Louisiana, being what had pre-
viously been known as the District of Louisiana.

1 A description of the Hot Springs and Volcanic Appearances in the Country adjoining
the River Ouachitta in Louisiana. Communicated in a letter from Joseph Macrery, M. D., of
Natchez, to Dr. Miller. New York Medical Repository, Vol. III., 1806, pp. 47-50.
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¢ Major E., during his stay last summer at the springs, witnessed
a great explosion of one of the mountains in the vicinity,
attended with the sensation of an earthquake. An immense
<columu of flame and smoke was seen to ascend a great distance :
one of his hunters was near the place at the time., He visited
the m-Huntain the day after the eruption and observed lava still
flowing in the fissure caused by the explosion.” :

Schooleraft.—In 1819 Henry R. Schooleraft published the
results of two years travel and investigation in the territories*
-of Missouri and Arkansas.t On page 190 he mentions mica as
being found at the *“Hot Springs of Washitaw.” He states that
“‘the lamina are small, extremely fl:xible, of a greenish yellow
color and admitting very little light through their broader faces.”
‘On page 192 he describes lodestone (native magnet) and states
that this substance is found at a place called Cove, fifteen miles
below the Hot Springs in Clark County (then embracing much
more territory than now). He says, ‘ The quantity is represented
as very great and it possesses a strong magnetic power.” He
notes that other ores of iron, pyrites, quartz, white vitriol, etc.,
are found at the same place. On page 209, under the head of
sulphate of zinc (white vitriol), he says, “ Oa the authority of
Dr. Andrews, of Mount Prairie, on the Red River, I mention
the existence of native sulphate of zinc on the Washitaw River
in Clark County, Arkansaw Territory. It is found in a highly
interesting section of country about fifteen miles below the Hot
8prings, and which also affords iron, loadstone, novaculite, quartz,
mica, &c. The rock formation is argillaceons slate traversed
by veins of white quartz.” On the same authority, he mentions
the existence of native sulphate of copper and of a saline material
similar to Glauber’s salts. ‘

On page 262 under the section head of “Hot Springs of

© While Schoolcraft was making his observations,—viz., 1817 and 1818—the region was all
known as Missourl Territory, but early in 1819 Arkansas Territory was formed and covered
much thesame area as that now occupied by the state of the same name. The State of Arkansas
was admitted to the union in 1836.

1 A View of the Lead Mines of Missouri including some observations on the mineralogy,
geology, geography, antiquities, soil, climate, population and productions of Missouri and
Arkansaw, and other sections of the Western country, By Henry R. Schoolcraft, New York
(Chas, Wiley & ©0.), 1819, (300 pages and three engravings).
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Ouachitta (Washitaw)” he mentions the Cove fifteen miles below
the springs and recapitulates the minerals found there, as given
above. :

Bringier.—A description of the minerals and rocks of
‘Arkansas, and particularly of those of Magnet Cove was published
in the year 1821.% The iron ore deposits of the “Cove of Wachitta”
are mentioned and are said to yield a very fine quality ofiron. The
occurrence of both magnetite and a cellular limonite is noted-
Masses of sulphate of lime, and tale (Mica ? Editors of Silliman’s
~Journal) in extraordinarily large plates or shects are mentioned.
The Cove is said to abound in kaolin and petunze of a very superior
-quality for the manufacture of porcelain. Native copper was
reported to have been found there by an Indian. Pyrite and
native copperas were also reported, as well as a white talcose
earth, which was infusible before the blowpipe.

Burr mill stones were made from the rocks forming the
hills about the “ Wachitta Cove” and were pronounced to be of a
very fine quality.

Tbe editor of the journal in which this article appeared
‘(Prof. Beujamin 8Silliman) states in regard to the above paper,
that at his request, the Rev. Mr. Cornelius, who had in Series 1,
Vol. I, pp. 214 and 317, of the American Journal of Science,
published the results of his observations on some of the southern
-and southwestern states, sent him a letter, which he had received
from L. Bringier, Esq., of Louisiana, and which embodied a
large mass of information concerning those portions of the
southwest which Cornelius himself did not visit. Ia regard to
this letter, the editor writes: ¢ Although somewhat im-
methodical, it abounds so much with interesting statements, that
we have thought it better to publish it, with some alterations
-and omissions (agreeably to the author’s permission communi-
cated with the paper), rather than to attempt a new digest of the
subjects, for Mr. Briogier appears to have contemplated little

© Notices of Geology, Mineralogy, Topography, Productions, and Aboriginal Inhabitants
-of the regions around the Mississippi and its confluent waters, in a letter from L. Bringier,
Esq., of Louisiana, to Rev. Elias Cornelius. (The letter itself was dated March, 1818, so that
4hese investigations evidently antedate those of S8choolcraft.)

Aw. Jour, of Science (Silliman’s Journal), Series 1, Vol. III., New Haven, 1821 pp. 15-47
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more than the communication of materials, to be wrought into.
a different form.”

* The editor submitted the article, in the manuscript form, to.
“N. A. Ware, Esq., an intelligeat and scientific gentleman,
from Alabama,” who gave his opinion on many facts stated’
in the manuscript ; and his letter is published as a foot note to.
the main article. In this letter Ware states, “ I have no doubt.
of the granite or primative mountains, on the Arkansas, and
neighborhood.” A careful perusal of the article, as it ap-
pears in print, reveals no mention of such granite by Bringier,
and it is probable that it was omitted when the manuscript was.
revised. If Bringier saw granite on the Arkansas River, or in
its immediate neighborhood, and reported it in his letter to
Cornelius, he certainly should have the credit of being the first
person to mention the igneous rocks of the Fourche Mountain.
region. '

Featherstonhaugh.—The earliest scientific description of
the igneous rocks of Arkansas, was given by G. W. Feather-
stonhaugh,ina report* presented to the House of represent-
atives in 1885. The examination of the country on which
this report was based, was made inside of six months, includ-
ing the time required for a trip to and from Washington.
The entire distance was traveled upon horse-back and a.
profile was drawn illustrating the geology of the whole route
from the Atlantic coast by way of 8t. Louis to Arkansas.
and Texas. It is remarkable to note how well Featherston-
haugh observed, and notwithstanding the obstacles with-
which he had to contend, in the form of wild and unopened
country, and poor traveling facilities, how much territory
he was able to cover and investigate.

He describes Magnet Cove (page 62) and mentious its.
nearly circular form and compares it to the Virginia and Ten~
. nessee coves. He remarks the presence of deciduous trees on-
the igneous rocks, while the siliceous rocks are covered with

© Geological Report of an examination made in 1834 of the Elevated Country between..
the Missouri and Red Rivers, by G. W. Featherstonbaugh, U. 8. Geologist. Washington,
(Gales and Seaton), 1885, (97 pages with a section).
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pine. He notes ‘“greenstone,” containing much crystal-
lized hornblende, and “a coarse grained syenite consisting
of red feldspar, hornblende, mica, and some quartz.” He.
then mentions the magnetic iron ore, from which he says
the Cove took the name of “ Magnet Cove,” by which
it was then known. He refers the rock of the Cove to the
older intrusive rocks and, perhaps, to a very remote voleanic:
formation.

It is surprising that Featherstonhaugh makes no.
mention of the Fourche Cove and the Pulaski County syenite-
region, for W. B. Powell states (see below) that Feather-
stonhaugh was taken thither by Rev. W. W. Stevenson, of"
Little Rock, and had the whole region shown to him.

Powell.—In 1842 W. Byrd Powell, a professor of phrenology
ahd geology in the Medical College of Louisiana, spent “a few
weeks” at the Fourche Cove and then presented the results of-
his investigations, in the form of a pamphlet, to the Anti-
quarian and Natural History Society of the State of Ar-
kansas.* He begins his accouat of the region with some.
general remarks on the use of geology and soon passes to the
description of the Cove and its rocks. He connects the rocks of
this region with those, which he had heard of as existing in.
Baline county, Magnet Cove, aud the Little Missouri (Pike.
county) region and of which he had seen a few hand specimens,
and states that all idea of intrusiveness, assuggested by Feather-
stonhaugh for the Magnet Cove region, is disproved by the great
extent of country, which these rocks cover, as well as by their
“highly perfect and crystalline character.”” He states that he.
considers them as of “primitive origin.”

In describing the rock itself, he speaks of the granite as being:
of the feldspathic variety, and states that it contains in some
places mica and in others horablende, while in both cases it is free
from quartz. He describes several other forms of rock under

¢ A Geological Report upon the Fourche Cove and Its Immediate Vicinity, with so me-
remarks upon their importance to the Science of Giaology and upon the valae of their Prod uc-
tions to the Arts of civilized Society, accompanied with a suit of specimens and a catalogue .
presented to the ‘‘ Antiquarian and Natural History Society of the State of Arkansas,” by W..
Byrd Puwell, M. D., Little Rock, 1842, (22 pages and sketch map).
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names the exact significance of which he evidently did not know.
Among these may be mentioned corneans, hornblende rock, basalt,
.greenstone, gneiss and grauwacke. He points out many localities
where technically useful materials may be obtained, and closes hy
-giving a list of 120 specimens, which were presented to the
Antiquarian Society of Little Rock and adds a sketch map of
the region on which the localities, where the specimens were
~collected, are indicated by letters.

Shepard.—In 1846 * Prof, C. U. Shepard mentioned the
-occurrence of eleolite as a mineral at Magnet Cove and described
several varieties of rock from Pulaski, Saline and Hot 8pring
~counties as well as that from the Little Missouri River in Pike
county. After visiting the locality in 1861, he speaks{ of
¢ Eudialyte imbedded in feldspar and associated with segirine,
‘the three belonging to the extensive elmolite rock of that
remarkable region.” ’

Engleman..—In 1851 Dr. George Engleman added some notes
to Dr. H. King’s paper, entitled  Some Remarks on the Geo-
logy of the State of Missouri,”] read at the Cincinnati Meeting
of the American Association for the Advancement of Bcience.
Ju these notes he mentions two of the syenite localities of Ar-
‘kansas, and also describes the black micaceous rock of the state
‘quite correctly. He says: ¢ Witbin the unfossiliferous sedimen-
tary rocks, I found a beautiful gray syenite,|| sometimes changed
* into large masses of kaolin; and at another locality, ¢ Maguet
‘Cove,” a succession of hills or knobs of black and white syenite
mostly coarse grained, and of true trachyte, with large glassy
feldspar. At other placesanomalous rocks, of a singular structure
were observed, having sometimes the appearance of amygdaloid,
probably metamorphic. Porphyry and granite (without mica)
which occur in the syenite of Missouri, I have not seen in Ar-
kansas. The connection of these rocks with the stratified rocks
has not been observed.”

¢ Oa three new mineral species from Arkansas and the discovery of the Diawond in
North Carolina, By C. U. Shepard, Am, Jour, 8ci., Series 2, Vol. II., 1846, p. 249,

+ Mineralogical Notes by C. U. S8hepard, Am. Jour. 8ci., Series 2, Vol. XXXVII.,
1864, p. 4C7.

1 Proceedings of the A. A, A. 8,, Vol. V., 1851, p. 182, Note on page 199,

| Fourche Mountain region.
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“In the clay slate, and probably in it only, trap dikes are
very common, especially near the Saline River. Sometimes
these dikes, one or more together, traverse the strata of slate
leaving them undisturbed on the edges, or in other localities,
bending them upward on both sides of the dike. In other cases,
one or more, (I have seen as many as four) strata of trap are
wedged in between the strata of slate, apparently interstratified
with them, but evidently forced in after the formation of the.
slate. In one locality I have ‘found the ends of these strata
ranning out rounded, as if they had been forced in in a semi~
fluid consistency ; and not changing the lithological character of-
the clay slate. In another, a mass of several feet thick had
split in hundreds of small veins, only a few lines wide, but easily
distinguished from the altered and stratified rcck. These trap.
rocks are very remarkable on account of the presence of black
mica which in some of them occurs in great abundance, and in
large and-finely formed crystals.” .

Eogleman then proceeds to compare the magnetic iron ore of"
Magnet Cove with the deposits of iron ore near Lake Superior
and especially with those of Missouri, He considers the granites
and Silurian limestone on the Llano River in Texas to be con-
nected with the granite and syenite of Arkansas, Miesouri, and
of Lake Buperior, and perhaps with that of the plateau of"
Mexico.

Barney.—In 1852 the Secretary of War communicated to
the 32nd, Congress* a report by Joshua Barney, on a Survey
of a Route for a Railroad from the Valley of the Mississipp#
to the Pacific Ocean, commencing at St. Louis, Mo.

In this Barney says: ¢ The hills bordering the valley of the
Fourche Bayou are very high and those on the right of the stream
appear to be one mass of granite. There is as isolated hill within
four miles of the Arkansas on the right bank of the Fourche,
called Iron Mountain, which rests on a base of granite of very
superior quality for building, from which blocks of any dimension
can be obtained. - The hill rises to a height of 200 to 300 feet.”

Warder.—In 1854 J. A. Warder published a pamphlet on

* Exec. Documents, No. 49, Senate, p. 81.
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the geology of the Arkansas River,* in which he mentions the
syenite of Fourche Mountain, as a “veritable granite” and
ascasibes to its intrusion, the formation of the numerous folds
.and veins in the region about Little Rock.

Owen.—In 1860 appeared the second reportt of the first geo-
logical survey of the state under David D. Owen, in which he,
“first ofall (page 16), states in general terms, his opinion that there
is a great ‘‘ granitic axis which gives to Arkansas its peculiar geo-
graphical features aud has greatly disturbed and modified its
geological rock-formations, aided, undoubtedly, by a continuous
‘widespread, underground extension of these igneous rocks, on a
platform of which the stratified rocks of Arkansas repose, at a
greater or less depth, conforming to the contour of the waved
surface.”” He suggests the probable existence of another granitic
axis further to the north, but states that the grauite only appears
.op the surface at a point near the mouth of Spavinaw Creek in
Indian Territory.  After ascribing the cause of the hot
water outflow at Hot Springs to the same igneous action, which
produced these granite protrusions he states that he has discov-
-ered no outcrop of “real igneous or crystalline rocks nearer than
Tiga§ Creek on the borders of Magnet Cove, a distance of ten
miles in a direct line from the Hot Springs.” (p. 24). He next
«describes Magnet Cove (pp. 30-31) and gives a list of the more
important minerals and rocks that occur there. As these
must be referred to later under the head of Magnet Cove, they
may be passed over here without further mention. Owen men-
‘tions (p. 31) the beauty of the granites of the Fourche Cove and
Saline County regions and shows that they might be very pro-
fitably quarried at either place. He next describes briefly (p. 32)

* A (Geological Reconnoissance of the Arkansas River, by Prof J. A. Warder of Cincin-
aatl, 0., Cleveland, O., 1854, (27 pages with 22 woodcuta), pp. 10 to 12.

t 8econd Report of a Geological Reconnoissance of the Middle and Southern Counties of
Arkansas, made during the years 1859 and 1860, by David Dale Owen, and others. Philadel-
phia, (Sherman & Son) 1860, (433 pages with numerous chromolithographs).

t Edward T. Cox, assistant geologist under Dr. Owen, after the latter's death, visited
Spavinaw Creek (Owen’s Report, p. 408.) and followed its course for about thirteen miles, but
contrary to his expectations, without finding any of the ‘‘Missouri granite’ inside of the
dborders of Arkansas.

¢ Tiga or Teager. (See chapter X).
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a small area of igneous rock in Pike county, which he calls
“‘porphyritic greenstones” and ‘‘trachytic rocks.”

Owen states (p. 32) that only two instances of “overlying
‘crystalline rocks” are known, one of which is exposed on the
southwest bank of the Ouachita River near Mill Gap, one mile
from Magnet Cove. He says: “Here a hard, tough, horn-
blendic rock, with large flakes, and crystals of jet black mica, is
seen reposing conformably on the comparatively soft layers of
slate, inclined at an angle of 10° to 11°, dipping into the
“Ouachita River obliquely across the channel.”

Under the head of “ Remarks on the Various Counties,” he
repeats some of his previous remarks about the special regions

referred to. Thus (p. 69) he describes at some length* the
rocks and minerals of Fourche Cove, mentioning a black por-
phyritic basalt, as well as several varieties of granite.

In that portion of the reportdevoted to Hot Spring county,
h e returns to the subject of Magnet Cove (pp. 104 and 105) and
then passes to a description of the several “Chalybeate springs”
{p. 106) on the east side of the Hot Bprings ridge. He notes
that, “near Fairchild’s Mineral Spring the rock is a kind of
quartz porphyry, amongst which a cale spar rock is also found.”

" In Saline county he mentions (p. 108) the “protrusions” of
granite in 28, 14 W., and notes an occurrence of a trap and
bornblende dike in 1 N., 17 W, section 32. This he states to
be of “undoubted igneous origin.” He also mentions loose pieces
of granite on Lindsay’s branch of the South Fork of the Saline
River near Mrs. Richardson’s, and a dike of black crystalline
basaltic rock, lying conformably with the argillaceous rock of
the region. '

Under the head of Pike county, he states (p. 124) that a
shaft had been sunk twenty-one feet through the already
mentioned porphyritic rock without striking any regular ore
wein, and (p. 127) that a quarter of a mile south of the
eruptive area already described, there was an indication of
an eruption of rock, which had never reached the surface.

* This will be discussed more in detail under the head of the igneous rocks of the
&ourche Mountain region (see chapter III),
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Under the heading, ‘“Survey of The Fourche Cove in
Pulaski County, Arkansas, by Joseph Lesley, Topographical
Assistant,” (pp. 163-162) a short description of the topography
of the region and a few notes on the geology are given. At the
end of this notice the following sentence occurs: ¢ The con~
tour-line relief map of this district, if published, will be found
at the end of the volume.” *

Cutter.—A guide to Hot Springs 1 was published in 1874 in
which Magnet Cove and the Hot Springs region is described
(pages 71-80). The description is copied directly from Owen’s
Report, but a few notes are added, which are of interest in the
consideration of the igneous rocks of that locality. In referring
to Owen’s statement, that no crystalline rocks had been observed
by him nearer Hot Springs than “ Tiga Creek,” Cutter remarks
(p. 74): “They have since been found in the mountains north
and east of Hot Springs, within two or three miles, hut not in
any great quantity and small in size.”

On page 77 Cutter states that Owen was mistaken in regard
to the depth to which the lodestone at Magnet Cove extends.
He says: “-The loadstones are now quite scarce, and the
Professor was mistaken in regard to the iron ore extending to
any great depth. Dr. G. W. Lawrence, who now owns part of
the Mitchell farm, says it is confined to within a few feet of the
surface. The writer (Cutter) examined several places and could
find none three to five feet below the surface; but it does exist in
other parts of the Cove and on the hills surrounding it.” On the
next page Cutter mentions the idea held by many, that nickle
and gold are to be found on the farm of James Henry ; and notes
the fact that during the war sulphur was manufactured from
pyrite found there.

Harvey.—In 1886 F. L. Harvey published a pamphlet on the

»* Owing to the incomplete state in which the Survey was lelt by the death of Professor
Owen, this map was never published, and the original of it was probably taken to Philadelphia
by Mr. Lesley, the topographer, and canoot now be found.

+ The Hot Springs (of Arkansas) as they are, Illustrated, A History and Guide, By
Chas. Cutter, Second Edition, St. Louis, Mo. (Southwestern Book and Pub, Co.), 1875, (103
pages and 9 wood cuts).
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¢ Minerals and Rocks of Arkansas.” *¥ After noting the varions
minerals found in the state, Harvey gives a list of the crystalline:
rocks with their localities. Among these he notes granite, por-
phyritic granite, graphic granite, syenite, hornblende rock,.
nephelitic granite, dolerite, etc. It is event that he only
determined the above varieties macroscopically, for the use of
the microscope would have brought him to a very different:
nomenclature.

Rosenbusch.—H. Rousenbusch in his Mikroskopische Phys-
iographie der Massigen Gesteinet notes the occurrence of
eleolite syenites (p. 91) from Hot Springs, { Arkansas, and under
the head of phonolite (p. 631) states, that, according to a com-
munication from H. Carvill Lewis, pseudomorphs of feldspar
and muscovite after leucite occur in the Hot Springs region,
and that this would indicate the presence there of a leucitophyr
or a leucite phonolite. This would, he says, be the more
interesting, from the fact that eleolite syenite is already known
from that locality.

Comstock.—In 1888 volume I of the annual report of the
Geological Survey of Arkansas appeared.§ It consists principally
of a “ Report upon Preliminary Examination of the Geology
of Western Central Arkansas by Theo. B. Comstock, Dr. 8c.,” and
in this occasional mention is made of igneous rocks. Thus
(pages 7 to 11) the syenites in the neighborhood of Little Rock
are described and the occurrence of porphyries and massive
igneous rocks noted. The order of the overlying sedimentary
rocks and their stratigraphic relation to the igneous rocks is also
stated.

On pages 55 and 56 some granitic rocks about Potash Sulphur
Springs are described and a few remarks about their mineralogic
composition are added. Pages 81, 82 and 83 are devoted to a

© The Minerals and Rocks of Arkansas, A Oatalogue of the Species, with localities and
notes, by F. L. Harvey, B. 8c., Philadelphia, (Grant and Faires) 1886, (32 pages with 14 electro-
types of minerals taken from A. E. Foote’s Oatalogue of Minerals.)

t Mikroskopische Phyaiographie der Massigea Gesteioe von H. Rosenbusch, Stutt-
gart, 1887,

1 Almost all the minerals from Magnet Cove are known in Europe as from Hot Springs.

2 Anbual report of the Geological Survey of Arkansas for 1888; John C. Branner, State .
Geologist, Vol. 1., 1888,

2 Geological; Vol. ii., 1890,
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description of Magnet Cove and the rocks of which it is com- -
posed, but the subject is treated only in a most general way and no
attempt is made to trace out the igneous rocks nor to determine
their petrographic characteristics.

The report is supplemented by a valuable list of minerals
from all parts of the state. A large number of these come from
Magnet Cove and include both the minerals of the igneous rocks
as well as the metamorphic minerals.

Branner.—At the Cleveland meeting of the Am. Association
for the Advauncement of Science John C. Branner* stated, that
although on the geological maps of the United States, the area
about Little Rock, Ark., and another small region in the south-
western part of the state were generally represented as Archean,
this was not the case, but that the crystalline rocks were injected
into the Paleozoic strata, the exact age of which had not as yet
been determined. He inclined to the opinion that the rocks
through which igneous rocks protruded should be referred to the
Lower Carboniferous series.

At the same meeting a paper on ‘ Peridotites of Pike
county, Arkansas, by John C. Branner and R. N. Brackett” was
read, and an abstract of it appears on the same page as the pre-
ceding note. This paper was afterwards published in the Amer-
ican Journal of Sciencet and is incorporated in this report as chap-
ter XIV. in essentially the same form in which it there appeared.

Day.—In 1890 the Mineral Resources of the U. 8. for 18881
was published and under the head of granite, a deseriptionis
given of the stone quarried by the Arkansas Granite Company
of Little Rock.§ It is here stated that this rock is not a true
granite, but a syenite, and an analysis obtained from the lab-
oratory of the Geological Survey of Arkansasis published.

Other papers, which have appeared from time to time, are
more limited in their scope and will be reviewed under the
special subjects of which they treat.

© The age of Crystalline Rocks of Arkansas, by John C. Branuer. Proceedings A. A. A.
8., Vol. XXXVII., (Cleveland, Ohjo, 1888), Salem, Mass., 1839, p. 188.

t The Peridotite of Pike County, Arkansas, By J. C. Branner and R. N, Brackett. Am.
Jour, Scl. Serles 8, Vol. XXX VIII, 1889, pp. 50-59 with map.

1 Dept. of the Interfor, U. 8. Geol. Survey. Mineral Resources of the U. S, Calendar
year 1888, By David T. Day, Washingten, 1890, p. 537,

¢ This company is now absorbed by the Little Rock Granite Company.
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CHAPTER IlI.

DistriBuTiON OF THE IeNEOUS Rocks IN THE FOURCHE
MouNTAIN REGION. ¥

Fourche Mountaint is a mass of ¢ granite” 1 380 feet (117
‘meters) in height which is situated on the south side of \the
Fourche Bayou, about three miles (4.7 km) south of Little Rock.
To the west of this and separated from it by a deep depression
known as Fourche Cove, lies Allis Mountain,§ which, at its
highest point, reaches an elevation of 520 feet (160 meters)
above mean tide level on the Gulf of Mexico. The northern
portion|| of Fourche Mountain has a general northeast and
southwest ditection, running parallel to the Fourche Bayou, a
* sluggish stream, which skirts its northern side and appears to
form the limit of the granite areas in that direction. This part
of the mountain forms a flat topped ridge (south } of sec. 18)
nearly a mile (1.6 km) in length. It falls off steeply on both
sides, and at the northeast end descends abruptly to the flat
bottom-land, at which point the line of the Little Rock, Missis-

.

» See map II. and plate 2 In this report.

t There are two Fourche Mountains in Arkansas;one is a range of mountains in
Perry, Yell, Montgomery and Pulk couaties ; the other, a small one, is the one referred to in
this report and is situated in Pulaski county.

$ The word “ granite’’ is here employed not in its petrographic sense, but as it is con-
tinually used by the inhabitants of this reglon to denote the syenitic rocks, quarried on these
mountains. Throughout this report the word syenile will be used to indicate a rock consisting
of orthoclase (alkali feldspar), diotile (black mica), amphibols (hornblende), and pyrozene
(augite), in varying proportions, and it may therefore be designated as a gquarizless granite.
The older use of the word syenile, to designate a hornblendic granite, has been abandoned by
all modern petrographers, but, as the older text books on geology usually give such a definition
for this rock, and mention Syene in Egypt as a typical locality, it may be stated that the rock
from Syene, from which the Cleopatra’s needles in New York, London, Rome, etc., were
quarried, is not a syeoite, according t> modern petrographic nomenclature, but a quartz
porphyry.

§ Also called Granite Mountain.

|| This small portion of the Fourche Mountain region is called Fourche Mountain in
distinction to other parts of the ridge which also have special names.
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sippi River and Texas Railway just touches the east end of the
granite. The prevailiog rock of the Fourche Mountain region
is the so-called ‘ blue granite,” * which has already been quar-
ried at several points, as for example, at the quarry of the Little
Rock Granite Company on the south side of the mountain. The
illustretion (plate 3) shows the present appearance of a portion
of this quarry. On the south side of the quarry a dike of fine
grained light colored syenite rock occurs. It has forced its way
through the blue rock, but seems to have caused very little
disturbance. Segregation veins of coarse material are found
irregularly distributed through the blue granite (pulaskite) here-
and elsewhere on the ridge.

Along the top of Fourche Mountain proper there are scat-
tered several boulders of light colored, coarse grained rock
(miarolitic eleolite syenite) which is évidently quite different.
from the mass of the blue rock, which makes up the ridge, and
whose relation to the latter will be considered later.

About the center of the top of the ridge just described is a
slight depression (N. W. # of sec. 24) through which the turn-~
pike crosses to the south. This flat and slightly lower part of
the hill is covered with yellow sand, mould and loose blocks of
granite. It is somewhat marshy and forms the drainage basin.
for the three higher portions of the mountain surrounding it.
These higher points consist of the two portions of the ridge just
mentioned, and a third ridge to the south of, and almost parallel
with, the main one. Between this and the main ridge lies a
narrow valley which is covered with sand and alluvium. Near-
its lower or eastern end, appear two or three small areas of brown
granite (eleolite syenite dike rock) (chap. IV. 11 C. 1). The ridge
just mentioned is from 400 to 600 feet (122 to 183 meters) wide,.
and extends a little further to the east than the first one. It is.
bounded on both sides by sand, which on the south in some
places reaches, almost if not quite, to its crest. The extreme
eastern end of this ridge is cut through by the railway and the

* This is that rock, which is described later under the name of pulaskite. By pulaskite.
is understood a rock made up of orthoclase, pyroxene (var, diopside and e=girite), amphibole,
(var. arfredsonite) and a little eleolite, or its decomposition product, analcite.
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<ut exposes a deposit of Pleistocene gravel overlying the blue
granite (pulaskite). The latter shows evidence of having, at some
time previous to the deposition of the overlying sedimentary
material, formed a beach covered with boulders which were
more or less rounded by the action of the waves. By the depo-
sition of the Pleistocene material the spaces between the
boulders and the hollows in the solid-rock were filled with gravel,
and this in time became solidified by the infiltration of ferru-
ginous matter. The boulders themselves have continued to
decay so that they are now surrounded by shells of soft de-
composed material.

Although the rock at this point has been spoken of above,
as blue granite (pulaskite), it approaches very closely to the gray
variety, in its texture and mineral composition. It seems to
hold an intermediate position between the two varieties, and
might well be designated as a transition rock. The rock is not
aniform in texture, for in some parts it is much more like the
blue granite (pulaskite), while other portions of it,only an inch
-or 80 away, may have an almost perfect gray granite (eleolite
syenite) structure. It is from the decomposition of such rock
that the material for some of the analyses of decomposed granite
{syenite) and kaolin was obtained. (See chapter IV).

East of the railway lies a low marshy tract of land, beyond
which rises a low hill [820 feet (98 meters)], (S.E. } of sec. 18), the
north side of which, almost down to the Fourche Bayou, is
covered with blue granite (pulaskite). At the lowest point in a
small ravine cutting into the north side of this hill, a small flat patch
of brown granite (eleolite syenite dike rock) appears. On the
south side of this hill there is a second outcrop of blue granite
{pulaskite) which extends nearly to its foot and to the Fourche
Bayou as it curves around toward the southwest.

The main granite (syenite) ridge, from the west end of the
ridge already described, extends almost due south for a distance
of two miles (8.3 km), branching out here and there into small
spurs to the east or west, but for the most part showing a smooth
side hill lying north and south. The small spurs form valleys or
hollows, which are covered with sedimentary rocks.
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The first of these hollows (8. 3 of sec. 24) on the east
side of the hill is formed by the second ridge, mentioned above,
and a mass of blue granite (pulaskité), which forms a'small hill
about half a mile further south. This hill extends about half a
mile to the east of the main ridge and is entirely made up of
blue' granite (pulaskite). The northern part of the valley
is covered by shales of Paleozoic age, and where these occur
in contact with the igneous rock, they have been very much
metamorphosed.*  They present the appearance of close
grained, compact igneous rocks, containing spots, in which the
texture is almost granitic. These contact specimens and also
the eruptive rocks in immediate connection with them, are often
highly impregnated with pyrite and are moreover peculiar from:
the fact that after being broken, they weather very rapidly and
become coated with a dark blue or black stain in a few days
time. On going farther away from the line of contact, the shaly
character of the rock appears more and more distinctly until at.
some distance, ten to thirty feet (3 to 9 meters), no appreciable
metamorphism has taken place. These shales are visible for
but a short distance from the igneous rock and are then covered
up by Tertiary deposits. Interbedded with the Tertiary rocks,
are deposits of bauxite 15 feet (4.6 m), or more, in thickness,
and covering a considerable area. These have been briefly
mentioned by the State Geologist, in a paper entitled ¢ Bauxite
in Arkansas,”t and are more fully described in Vol. L of the
Annual Report of this Burvey for 1889. On the south side of
this valley conglomerates of quite recent origin occur. They
contain much iron and are of arich brown color. The State
Geologist considers them to have been formed during late Ter-
tiary times. They cover up the shales, where they come in con-
tact with them, and form a belt obscuring the contact of the
igneous rocks with the latter. There is no evidence of any
metamorphic action on these recent deposits, which ean be

¢ The thanks of the Survey are due to ex-Gov, C. C. Bliss and to Mr. George O. Pye for
the interest that they have taken in looking up the line of this contact, and in removing the
overlying soil, so as to expose the igneous and sedimentary rocks in direct contact.

+ Am. Geologist, Vol, VII., 1891, p. 181.



DISTRIBUTION OF IGNEOUS ROCKS IN FOURCHE MOUNTAIN REGION 23

attributed to the igneous rocks, and hence it is quite certain that
they are younger than the latter.

Northeast of the end of the granite (syenite) spur form-
ing the above mentioned valley, and situated near the point
where the mountain road from the west intersects the turnpike, a
small body of syenitic tufa is found, which consists of a re-
arrangement of detrital syenitic material solidified by a siliceous
cement. This material has come from the disintegration of the
igneous rocks and is not an original volcanic ash. It is limited
in extent and is of comparatively recent origin.

On the south and east sides (8. % of sec. 25) of the granite
gpur forming the above mentioned valley are banks of bauxite,
similar in every way to those described above. This bauxite, like
that of the other area mentioned, is surrounded by sandy soil
and gravel and shows no direct connection with the neighbor-
ing rocks.

Starting from the point where the description of the main
ridge was interrupted (N. E. } of sec. 26), the ridge extends about
two and a half miles (4 km) further in a southwesterly direction,
and sends out two spurs to the southeast. A short distance
beyond where the ridge turns a slight depression occurs, over
which the highway runs, and to the south of this the hill rises to-
the height of 510 feet (1563 m)—its greatest elevation on the
east side of the cove—and is known as Ermentraudt Mountain
(occupies sec. 34). Taking this point as a center, the hilk
covers an almost equilateral triangle, two of whose angles lie
in the main ridge, and the third forms the spur to the southeast
already mentioned. It is between this southeastern spur and
that portion of the ridge lying to the northeast, that the most.
interesting rocks of the region occur. In the flat land, southeast:
of the point where the ridge turns,‘ both bauxite and sandstones
or conglomerates of Tertiary age are found. The bauxite is.
interbedded with the other rocks in such a way as to indicate
that they are all of the same geologic age. Just east of
these is a small mass of blue granite (pulaskite), which is
bounded on all sides, except where it underlies the sandstone,
by loose, yellow, sandy soil and loam, formed by the decay of
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the organic matter in the marshy bottom-land on the southwest.
About a quarter of a mile (0.4 km) south of this area, is a small
patch of shale, which appears in the highway and indicates that
the Paleozoic rocks extend in that direction, although they are,
for the most part, concealed by the overlying sand. A mile
{1.61 km) to the east of this (N. E. } of sec. 36 and N. W, } of
sec. 31), several small patches of blue granite (pulaskite), and
‘one quite large mass of it, occur. The latter is a hard, bluish
rock, which, on the north side of the hill, appears decidedly
porphyritic in texture. The location and extent of these areas
are shown on map II., and as they are bounded on all sides by
loose, sandy soil they need no further description.

West of the small patch of Paleozoic rock described above,
and lying in the bed of a narrow stream, a small area of gray
granite (eleolite syenite)* appears. (S. W, } of N. W. } of sec.
36).

This follows the west bank of the stream for about a thous-
and feet (300 m) and then disappears. It is covered except
on the extreme eastern edge, by loose sandy soil. West of this
again about a thousand feet distant, appears a mass of coarse
grained syenite (miarolitic eleolite syenite dike rock) which forms
a large dike about two hundred feet (§1 m) wide in its broadest
part, and 1500 feet (456 m) long. It appears as huge boulders,
and large weathered masses, which present a most peculiar
rounded surface, (see plate 4). On the east of the dike and
in its immediate vicinity, nothing but sandy soil is fouad, and
at the point where the Paleozoic rock should appear, if it
were present, the soil is so thick that no rock whatever is found.
West of the dike the Paleozoic shales are exposed along a belt
avbout a thousand feet wide, extending northward almost to the
foot of the mountain, but from which they are separated by a
band of sandy soil. A second dike of syenitic rock passes
through the western portion of this shale area. It is similar in
some respects to the dike just described and parallel to which

¢ By elaolite syenite is understood a rock consisting of eleolite and orthoclase (alkall
feldspar), with pyroxene (augite), biotite (1nica) and a little amphibole (hornblende). In this
rock the eleolite has become an essential constituent instead of remaining subordinate, as ft
did in the case of the pulaskite.
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it lies, but differs from it in structure and appearance. It is
~oarse grained and semi-granitic or trachytic in structure, has
& brownish color, and is generally known as “brown granite.”
It bas been quarried to some extent, but the stone has only been
obtained from boulders and not from the rock in place. This
-dike extends in a northeasterly and southwesterly direction, and
at its lower end, it makes a slight bend toward the south. In
-some places the boulders are large and close together, and
indicate a dike from fifty to one hundred feet (15 to 30 m) in
width, while in other places they are strung along singly, and
-are far apart, so far in fact, that toward the southern end, it isnot
an easy matter to trace it at all. (Plate 5). Inrepresenting the
dike on the map this variation in width has not been taken into
-consideration, and the dike appears as of almost uniform width.
After it leaves the shale which forms the side walls at its
northeastern end, it crosses a low, marshy piece of ground, where
its course is indicated only by a few scattering blocks, and then
-crosses the top of a small hill, which appears to consist almost
-entirely of a black, porphyritic rock (tingudite) containing large
white feldspars, and of a metamorphosed shale.

It is almost impossible to determine the exact limits of this
phorphyritic rock, because, on the one hand, it is covered up to
‘a great extent by soil derived from its decomposition, which has
‘gone so far that little or no rock is found in situ, and on the
-other hand, it shades so almost imperceptibly into the metamor-
phosed shales which surround it, that it is impossible to tell
where one begins and the other leaves off.

About a thousand feet (800 m) still further to the north-
"west is a third dike of rock, similar to that of the last dike de-
scribed. At both ends it nearly touches the main ridge, and
at its central point is not more than three or four hundred feet
‘(ca. 100 m) from its base.  All of these belts of boulders have
-approximately parallel directions, as may be seen by referring to
the map, upou which their relative positions are indicated. The
-space between the innermost dike and the hill is covered with a
“thick soil, through which are scattered numerous boulders of
‘blue grauite (pulaskite).
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Beyond this point the main ridge of blue granite (pulas-
kite) runs southward to the point of the hill which forms the
third angle of the triangle, and is bounded by loose sand and:
bottom-lands. To the south of this ridge, the decomposed
granitic rock and soil extend a quarter of a mile or more beyond
the foot of the hill and form very fertile and productive land.

. The rock from which the bottom-land is formed appears to be of*
the gray variety, but it is so much decomposed that an accurate
determination is impossible.

In the highway directly east of the house of Mr. Ermentraudt,.
a mass of yellowish-brown rock occurs, which shows a decided
banding. It has the general appearance of a decomposed gneiss,
but it has been shown by a microscopic examination to consist
of a mass of syenitic fragments, (orthoclase, basic silicates, etc.,).
which have been cemented together by siliceous material, thus
forming a sort of tufa. This resembles quite closely that already-
described (page 23).

The southernmost spur of the Fourche Mountains is named
South -Mountain (occupies sec. 4) and consists of a mass of blue-
granite (pulaskite) which runs out in a narrow ridge towards
the south. On the east and south the rock is covered by sand
and soil, but-extends for some distance underneath it into the
lowlands. At one point where the granite (syenite) appears
about 500 feet (152 m) from the foot of the hill, it consists of a.
flat mass of gray granite (eleolite syenite).

North of South Mountain a transverse depression separates
it from the ridge known as Allis Mountain, (secs. 22, 27, 28.
and 33).* This latter extends for about 3 miles (4.83 km) in a
north-by-east direction and near its northern end it turns to the
northeast and extends for more than a mile in that direction,
falling almost exactly into line with Fourche Mountain proper,
from which it is separated by the branch of the Fourche-
Bayou which forms the outlet of the Cove.

Allis Mountain, at its greatest elevation, reaches a height of -
520 feet (159 m) above the sea level. As is the case with most -
of the granite (syenite) ridges, it is comparatively smooth, and

* This is also called Granite Mountain.
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~ is covered with a thick growth consisting mostly of deciduous
trees, except where the sides are so steep that they cannot obtain
a hold. The side hill is covered with loose blocks of blue
granite (pulaskite), among which may be found many ledges of"
the selid rock. The weathering of this rock into blocks, is very
characteristic and plate 6 shows the way in which a side-hill
may be covered with them. About the bottom of the hill, and
nowhere rising more than forty or fifty feet (12-15 m) from the
flat land appears the gray granite (eleolite syenite) in huge flat
areas, often two hundred feet (61 m) and more in diameter, and
showing hardly a crack or seam in the whole surface. These.
flat masses appear to occupy most of the area between the foot:
of the mountain and the Little Fourche, although they are not
everywhere visible, because they are often covered over with sand
and river mud. These rocks weather in place and form a granitic
soil without breaking up into boulders as the blue granite
(pulaskite) does. (See plate 7, page 29).

West of the south end of the mountain on the opposite side
of the Little Fourche appear banks of bauxite like those de-
scribed on the east side of the mountain.

At a point a little south of the center of the ridge and on
the west side of the mountain the blue granite (pulaskite) ap-
pears near the bank of the Little Fourche and is exposed for
several hundred feet. It is broken up into the characteristic
blocks and shows a decided bluish color.

. At only three points has granitic (syenitic) rock been found
on the west side of the Little Fourche. In the southernmost of
these exposures (west of center of sec. 28) the rock forms the
usual flat masses, while in the central one it appears as if it formed
a dike, or boss, which has weathered into boulders, in much
the same way that the dikes at the southeast of the mountain
have done. It is a very coarse grained rock, in which some
of the feldspar crystals are as much as eight inches in length,
8mall fine grained veins containing quartz occur in it in some
places, though the most of the rock seems to be comparatively
quartzless.

The third exposure of igneous rock on the west bank of the
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Little Fourche lies about five hundred feet (1562 m) north of the
preceding one and consists of a small group of huge boulders,
twenty feet (6 m) or more in diameter, and surrounded on all
sides by the alluvium of the river bottom. These boulders con-
sist of a coarse grained combination of feldspar, quartz and some
altered basic silicate and form, therefore, a quartz syenite dike.
Paleozoic rock has been found in a forty foot (12.2 m) well near
the first of- the dikes mentioned above and lies between the dike
and the main mass of the mountain.

The Paleozoic shales appear again on the north side of the
Fourche Bayou and form a bluff not more than a mile (1.61 km)
northwest of the foot of Allis Mountain. They everywhere dip
:steeply to the north.

Fourche Cove is an elliptically shaped valley, whose greater
‘axis has a north-northeasterly direction and is about two and a
‘half miles (4 km) in length, while the width of the basin
does not exceed a mile and a half (2.4 km). 1t is enclosed by
Fourche, Ermentraudt and Allis Mountains, and its only outlet
is at the northern end through the cut occupied by the branch
of the Fourche Bayou already mentioned. The cove is drained
by a small brook, which has a generally northerly direction, and
by small branches, which empty into it from both sides. The
total fall from the southern end of the cove to the Fourche
Bayou, at the northern extremity, is about one hundred feet
{30 m), and as two-thirds of this fall nccurs in the first third of
the stream’s course, the remainder of the way its flow is very
sluggish. The bottom through which the stream runsis covered
in a great measure with thick underbrush, which has sprung
‘up on the rich alluvial deposits formed by the stream’s overflows
and by the decomposition of masses of vegetable matter. As
would naturally be expected, this bottom-land gives no clue to
‘the character of the rock beneath, and it can only be surmised
from the surrounding rocks, that the Paleozoic shales form the
floor of the valley below the overlying Tertiary and recent
deposits.

On the east side of the cove, just below the blue granite
(pulaskite), there are some areas of gray granite (eleolite
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syenite) which appear as large flat masses and are almost
devoid of vegetation. The blue granite (pulaskite) which
is found again around these appears to be only in the form of
loose boulders. On the west side of Fourche Mountain proper
a wide dike of ‘“dike granite” (quartz syenite) occupies the
bottom of a narrow valley leading down toward the west. This.
dike is, in some places, as much as 500 feet (1562 m) wide, and
forms a straight line from the flat crest of the hill (see page 20).
to the cove branch. In many respects it is quite similar to the
other dikes observed about the mountain, and is probably directly
genetically connected with the one mentioned as lying along.
the top of Fourche Mountain. A little further south on the
same side of the cove is a bed of bauxite, and just above it is a
deposit of Tertiary conglomerate or sandstone. These rocks are
-surrounded on all sides by sand and loose blocks of blue granite
(pulaskite). South of this point, two low elevations appear-
in the center of the cove, and on both of them blue granite
(pulaskite) occurs. In some places this rock forms com-
paratively flat masses like the gray rock, but it still appears to.
be distinctly of the blue variety. This mass of igneous rock was
outlined, as is shown on map II., with as much care as possible,
although the thick undergrowth made it almost impossible
to obtain its exact boundaries. A little east of this mass of
blue granite (pulaskite), on top of the westernmost of the small
hills mentioned above, a cap of brown Tertiary sandstone
occurs which is completely isolated by sand from all other rock
masses.

At the foot of the main ridge, on the east side of the cove,
(8. W. of 8. W. of sec. 26) large flat masses of the gray rock
occur skirting the base of the hill (see plate 7). Near the
highway, at the point where it crosses this gray rock, stone has
beeu quarried, so that the weathered surface has been taken off-
to a depth of three feet or more. The rock here shows a
peculiar differentiation into coarser and finer bands, which will
be described more in detail later. It is from this quarry that the
specimen of the gray granite (eleolite syenite) analyzed.
was taken (see chapter IV. 11. B.b.), but the block for the com-~
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pression, and other physical tests came from the west side of
Allis Mountain, where rock of this nature has lately been
-quarried by Mr. John 8. Braddock. (Chapter IV.1L B, a.)

On the southeast side of the cove the yellow sandy soil
which has formed the boundary of the igneous rock along its
western edge ceases and the Paleozoic shale appears. In many
places this is very much metamorphosed and appears like a horn-
stone, but a little farther away from the contact the shaly
structure is visible, '

Near the south end of the Cove loose blocks of a very heavy,
black rock appear, which are evidently some form of very basic
rock. This has been shown to be olivine-free monchiquite
or feldspar-free camptonite, and as it forms a new type it
is called fourchite. (S8ee chapter IV, 1) At the southwestern
‘end of the Cove these rocks form almost the whole eastern slope
of Allis Mountain and are bounded on the lower or eastern side
by the more or less metamorphosed Paleozoic shales, and on the
upper edge by the syenitic rock of the mountain. At several
places this “trap,” as the fourchite is called in the neighbor-
hood, is cut by dikes of coarse grained syenitic rock. The latter
are of a light color and resemble to some extent the quartz
syenite dikes at other points about the mountain. In some
places these coarse grained intrusions form larger masses, as for
‘example, at a point not far south of the mountain road which
crosses from east to west over Allis Mountain (center of E.
of sec. 32). Boulders of this material are scattered here and
there over the depression which forms the top of the mountain
north of the ubove mentioned granitic masses, but the weathering
action has gone so far, and the blocks are so few in number that
the courses of the dikes cannot be traced.

The trap (fourchite) shows considerable variation in
different parts, both in its texture and in its mineralogic con-
stituents, so that petrographically considered it should be classed
ander several heads.

This mass of trap (fourchite) is a mile (1.6 km) or more in
length, and lies in a north-northeast and south-southwest direc-
tion, while in width it is not more than one-quarter of a mile
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(0.4 km). It is interrupted at a point about a quarter of its
length away from the south end, by a valley running to the
west and forming a depression in the syenitic ridge (8. 4 of
sec. 32). The valley is covered at its eastern end by boggy soil
through which no rocks appear, but on its northern side the
Paleozoic rocks form a narrow band between the recent deposits
and the trap (fourchite). Near the line on the west where the
blue granite (pulaskite) crosses this valley, loose boulders of trap
{fourchite) appear, which suggest the connection of the larger
mass on the north, with the smaller mass on the south side of
the valley. At the northern end of the whole trap (fourchite)
area the Paleozoic shales again appear, and form the boundary
of it.

On the west side of the Cove, in a small valley formed by a
spur of the Paleozoic rocks and the main ridge of the mountain,
there is much Tertiary rock which is the remains of the layer
of Tertiary material which was at one time deposited over the
whole Cove and was subsequently carried away by erosion.
North of this the Paleozoic rock forms the side hill to a height
of about a hundred feet [390 feet (119 m) above mean tide
level] above the level of the bottom of the Cove. This rock
extends about the base of the mountain to the point where the
<ast and westridges are separated by the outlet of the Cove.

About half a mile (0.8 km) south of the area covered by the
Fourche Mountain group is another mass of syenitic rock which
is, however, comparatively limited in its extent. The rock is of
the blue variety, and in the largest mass forms a hill 75 feet
(23 m) in height [340 feet (104 m) above mean tide level]. It
does not cover more than one-quarter of a square mile (65
hectares) in all. The igneous rock is surrounded on all sides by
sand, loam, or Tertiary deposits, and,in some places fragments of
Tertiary sandstone are scattered over the granite (syenite), but it
is probable that they are not in their original positions. De-
posits of kaolin and bauxite are common in this region, but as
the distribution of these substances is more fully described by
the State Geologist in Vol. I. of the report for 1889, further
mention of their occurrence is omitted.
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The granite (syenite) of the region south of Fourche Moun~
tain presents no special features and is very similar to that
already mentioned from Fourche Mountain itself. In its color,
it is not quite as dark as much of the blue granite (pulaskite)
which has been quarried, but this may be due to the fact that only
surface rock from this neighborhood has been seen, while the
blue granite (pulaskite) of other regions has been worked to a
considerable depth and obtained in fresh specimens. At one
place, where material for chimneys has been quarried from
large boulders, the rock appears to be hard, strong and of good
quality.

Taken as a whole, the Fourche Mountain region contains
about five equare miles (1295 hectares) of surface covered with
blue granite (pulaskite), and perhaps one square mile (258
hectares) covered with the gray granite (eleolite syenite), which
is either directly exposed or is covered omly by a thin layer
of soil. These figures do not express the size of the whole area in
which the granite (syenite) may be found, but only that in which
it is now exposed.

The preceeding description of the topographic features and
the distribution of the igneous rock have been given as a matter
of course, but all the facts presented there can be obtained much
more easily by an inspection of plate 2 (p. 19), which isa repro-
duction of a photograph of a medel * of this region, and by a study
of the instrumental contour map (map II.) upon which the geology
is completely represented by various colors.

* The thanks of the Survey are due to the Misses Lockwood, of Brooklyn, N. Y., by
whom the relief maps of both this and the Magnet Cove region (see chapter VL.) have been care~
{ully prepared.
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I. SPECIAL PETROGRAPHIC LITERATURE.

Before entering into the detailed description of the rocks of
the Fourche Mountain region, it will be well to review more
minutely than was possible in the chapter on general literature,

the articles which have already been published on this subject.
' Bringier.—It appears from what is stated on page 10 that the
first mention of this region was probably made by L. Bringier*
but if that is the case, he described the rock asa ‘‘granite or
primitive rock,” and of course gave no further notes of it which
are of petropraphic interest at the present day.

Powell.—The collection which W. B. Powell presented to
the Antiquarian and Natural History Society of Arkansas, in
Little Rock,t cannot now be found. Some specimens collected
by Powell are, however, in the National Museum at Washington,
D. C, and through the kindness and courtesy of Dr. George
P. Merrill, the Curator of the National Museum, these were lent
to the Arkansas Survey and the writer has thus been enabled to
study them in detail, and to see exactly what Powell saw and
described. Unfortunately the original labels have been destroyed,

so that it was impossible to identify all of Powell’s varieties.

' Powell calls the principal rock of the ridges (pulaskite) a
greenstone, and supposes that the granite (eleolite syenite)
underlies it. In speaking of the western mountain he says, .
“cat one point the greenstone and gneiss, except a very small
portion ot the latter, (and the quantity at first appears to be
unusually limited), have been so far denuded as to expose the
granite almost to the top of the mountain for half a mile in
length. Large areas of it are exposed without a shrub or tree.”
By the term greenstone Powell evidently intends to express
the somewhat porphyritic character of the blue granite (pulaskite);
and the gneiss, which he mentions, must be considered as a
somewhat laminated form of the eleolite syenite.

In describing the rock which he calls granite, Powell writes,
“The most of this granite is of the feldspathic variety. In some
places blocks of feldspar, of a beautifully foliated structure and

* Am, Jour. Sci., Series 1, Vol. IIIL., 1821, pp. 15-47,
1 Geological Report upon Fourche Cove, etc., 1842, pp. 6-11.
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-shining lustre, six or eight inches long by three wide, are to be

seen in the face of the weathered surface. Much of its mica is
<rystallized in hexaedral prisms; it is without quartz, but its
place is apparently occupied by dolomite or magnesian car-
bonate of lime.” :

Powell describes a “globular granite,” which occurs in a
very decomposable granite, as its gangue, and says of it, that the
feldspar appears to be in fine grainsand arranged in regular forms,
and that its faces are covered with copper colored mica of
arich velvet-like lustre. The location which he gives for this
on his sketch map would indicate that it occurs at the southeast
corner of the mountain, but the writer has not been able to find
it in place. He has, however, seen a specimen of it, which was
sent by Powell to the National Museum, and finds it to be much
a8 described, although it is so weathered that little can be made
out concerning it.

Powell mentions a dark colored granite from the north-
western end of the east mountain, which occurs in several places
-and is, according to him, the most perfect granite in the region.
He states that it contains all the elements of granite, and
occasional crystals of tourmaline and sphene. He adds that it
is very tough and hard, and appears from its position to be
‘younger than the other formations.

Near this he found aline of *lozen or bisquit shaped masses”
-of hornblende granite * extending for half a mile or more.
In a footnote he states that this, like many of the others,
is a quartzless variety of granite. He mentions the fact that
this same rock appears in the midst of the “hornblende rocks”
{fourchite), and that a dike of it six inches wide is seen cutting
them. Also that it appears in the flat at the top of the west
mountain between the granite and the “hornblende rocks.”

Powell states it as his opinion that the greenstones
(pulaskite) were formed immediately after the granites (eleolite
syenite), because one passes imperceptibly into the other. Of
the greenstones (pulaskite) he says, ‘‘They are generally highly

© Quartz syenite.
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crystalline in their structure, so much so as to merit the appel~
lation of syenitic or trachytic.”

Under the name cornean, which he takes from De la Beche’s
geology of Pembrokeshire; but by which, he states, he does not
wish to suggest any relation or similarity between the rocks thas.
he describes and those of that author, Powell describes what he
considers to be the intermediate stages in the transition of the
greenstones into basalt. He adds that some of them are partly
stratified, while others are almost perfect hornstones. He divides.
them into quartzose, feldspathic and hornblendic corneans, and
says that they both precede and follow the basalts, but that those
which follow are the more imperfect, and are finally lost in clay-
stone. This gradual transition, he states, does not take place
inside of the Cove but on the eastern side of the east mountain.
He gives, however, 8s a locality for corneans of various kinds a
point not far from the base of the east mountain on the inside of
the Cove. It seems probable from Powell’s description that he
includes under this name the metamorphosed and hardened
shales found inside the Cove, and the porphyries and meta-
morphosed rocks found at the southeast corner of the regivn
(see page 25). At the point where the great mass of basaltic rock
occurs at the south end of the Cove, Powell found no such tran-
sitions, but states that the basalt (fourchite) is superimposed
upon the greenstone (pulaskite), and abuts against it. He men-
tions several varieties of basalt (fourchite), which he eonsiders.
local variations of one and the same rock. He describes a
smooth, dense, greenish rock as one limit, and the coarse-grained
hornblende rock as the other, and states that they are both
basaltic in their characleristics. After these rocks he describes
kaolin and bauxite, without discovering the true nature of the
latter, but says nothing more about the crystalline rocks.

Owen.—D. D. Owen, in his report,* describes granite from
the northwest side of Allis Mountain (E. % of N. E. # of sec. 28,
1 N,,12 W.) as follows : ¢ This granite is eminently feldspathic,
the feldspar containing both soda and potash, though it has the
white color, lustre and cleavage of cleavlandite. The quartz is

# 8e0ond Report of a Geological Reconnoissance of Arkanses, 1860, p. 69.
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pale gray; a few crystals of hornblende are disseminated with
occasional flakes of black mica. This rock might perhaps be
-called a granite-syenite, but the proportion of hornblende and
mica is so small that it is better designated as a feldspathic
granite,”

The basaltic rock on the west mountain is described as a
“ very ponderous, black, porphyritic basalt, composed chiefly
of augite, with large interbedded crystals of jet-black augite.”
‘Owen describes also a compact basalt from the same region. On
the southeast slope of the Ermentraudt Mountain the rock is
described as being more porphyritic in character and as contain-
ing more black mica.

Shepard.—C. U. 8hepard published in the article already
«quoted* a list of rocks from Arkansas, which were sent to him
by the Rev. E. R. Beadle of New Orleans. Among them were
two specimens from Fourche Cove. They are described as
follows :— :

a. “Gray granite (without quartz) with black mica in
:small scales, imparting to the rock the aspect of a sienite. It
-contains everywhere diffused through its mass minute hyacinth-
red crystals,t having the hardness of monazite. From Fourche
‘Cove, Pulaski County. Sec. 34,1 N, 12 W.”

*b. “From same place (Sec. 33, 1 N,,12 W.} a coarse
amygdaloidal basalt, containing thickly implanted crystals of
. grayish black pyroxene, above an inch in length and much re-
sembling those found at Aussig in Bohemia.”

Harvey—F. L. Harvey in his “Minerals and Rocks of
Arkansas,” describes the following rocks from Fourche Cove.
He says (page 81): —

¢ Granite.—Composed of quartz, feldspar and mica. These
ingredients differ in relative quantity, color and size of the
<rystals, giving a great number of varieties. Typical granite
occurs in Fourche Cove, 8aline county and Magnet Cove. The
following varieties are also found in Arkansas. Hornblendic

* Am. Jour. Sci., Series 2, Vol. V1I., 1846, p. 253 (foot note).
1 These are probably some of the red colored titanite crystals which occur in such
Qarge numbers in this rock,
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Granite, having a small quantity of hornblende with quartz, feld~
spar, and mica occur in Fourche Cove. Might be called granitio~
syenite,

“ Porphyritic Granite.—Porphyry is any fine-grained feld-
spathic rock containing large crystals of feldspar. Occurs in
Saline county, Fourche Cove, Magnet Cove and Pike county.’”

‘ Feldspathic Granite.—Contains a preponderance of feld-
spar and occurs at Fourche Cove, Pulaski county. This has
been used to make an inferior millstone. ”

¢ Trachyte.—A rock consisting mainly of feldspar, and con-
taining crystals. Breaks with a rough fracture. Gray Trachyte
occurs in Fourche Cove, and from the weathering of it kaolin
beds have been formed.

“ Hornblende Rock.—* * * There is at Fourche Cove
a grayish rock, composed of Augite and Labrador feldspar.”

“ Doleryte (Trap. Basslt).—Basalt occurs at Fourche Cove
as a compact, close-grained augitic rock, porphyritic basalt and
ferruginous trap.”

He closes his paper by saying, ‘ The syenitic-granites of
central Arkansas are fined grained; even in texture, contain
but little mica and hornblende, and rather too much feldspar.
They, however, make a good stone for bridge work and buildings.
Vast quantities of good granite occar in Fourche Cove, S8aline
county, and Magnet Cove.”’

Comstock.—T. B. Comstock, in the report of the Geological
Burvey of Arkansas, refers to the present report for a full de-
scription of the igneous rocks, but mentions (page 11) the occur~
rence of two varieties of porphyritic rock, viz.: ¢ Porphyry,
" basic (iron-bearing minerals), basaltic thinning northeast. Por-
phyry (siliceous) felsitic, etc., thinning southwest.” He also
mentions ‘ massive igneous rocks” as forming the main portion
of the ridge of Fourche Mountain.

Day.—David T. Day in the Mineral Resources of the
United States for 1888 (loc. cit. p. 537) writes as follows
regarding the Fourche Mountain syenite: ¢ The granite is
properly a syenite, and is known as the Fourche Mountain
granite of Arkansas. The following is an analysis of this
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granite made under the direction of Dr. John C. Branner,
State Geologist *: —

Analysis of Fourche Mountain granite, Arkansas.

Silica 60.03
Ferric oxide. 4.01
Ferrous oxide......ce eeeessnerecsnsssenasacsannen, . 0.75
AlUMIDA..eeiiiiiiinies cerccinnseenersesenseneeness 20.76
Lime 2.62
Magaesi 0.80
Phosphoric acid. 0,07
Potash 5.48
8oda 5.96
Mang: Trace
Water at 110°-115° C.......ccoveerrcaearnnen . 0.06
Loss on ignition 0.53

Total 101.07

“ This granite is well adapted not only for building
stone, but more especially for monumental work. Although
the operations of this company (Arkansas Granite Com-
pany) are of such recent date, the amount of business already
done by it is quite considerable. It was awarded the con-
tracts for furnishing paving blocks to the cities of Memphis.
and Louisville for the year 1§89.”

II. PETROGRAPHIC DESCRIPTION OF THE SYENITIC ROCKS.

A. Blue Granite (Pulaskite).

As may be seen from the preceeding chapter the main:
ridges of the Fourche Mountain region are made up
of the so-called “ Blue Granite,” the stone most used as
a building and paving stone.

a. Physical Properties.

Structure.—When macroscopically examined, the first:
thing which strikes the eye is the peculiar semi-porphyritic
appearance of the rock. The feldspar crystals stand out
conspicuously on account of their highly perfect cleavage-
planes and the light reflected from them. When they have

¢ R. N. Brackett, analyst,
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any distinct crystal form, they appear, for the most part, to
be tabular parallel to the clinopinacoid (010), and to give a
general trachytoidal appearance to the rock. The crystals
are not usually sharply defined, but show a rough surface,
due to the early formation of crystals of a second generation.
Occasionally a flake of dark mica or portion of a crystal of
hornblende or augite is visible, but in general the basic
silicates are not conspicuous. In the spaces not occupied by
the large feldspars, a mass of finer grained material appears,
which shows minute reflecting surfaces, indicating that it is
made up of small feldspars of & second generation. See plate
1 ( frontispiece ).

Color.—The color varies between wide limits, in some
cases being a dark bluish-gray, while in other localities the
rock is light gray (not the “gray granite”), but still retains
something of the bluish tinge. The color depends upon that
of the feldspar, and is not due, as might be supposed to an
admixture of dark colored minerals in varying proportions.

Jointing.—The fact that the sides of the mountain are
covered with comparatively small blocks of this rock, and
that ledges appear only occasionally, and then generally
near the tops of the ridges, indicates that the rock on
weathering has broken up into sharp cornéred blocks which
even after long exposure still retain their angular form.
These have rolled down the sides of the hill and compose
the extensive talus, which is so characteristic of these ridges
(plate 5). As would be expected from this easy separa-
tion into blocks the surface rock is usually found to be
unsound for some distance down, so that where such surface
material is used great care must be exercised in selecting
blocks for dimension work. As the quarries are pushed
deeper into the hill, the stone becomes more solid, and by
the time that a considerable depth has been reached, the
material is found to be satisfactory for large dimension
stones. (S8ee plate 7 showing stone quarried from the
Fourche Mountain granite quarry).

Hardness.—By hardness is to be understood not the
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strength as determined by compression, but the resistance
to wear. This is a subject to which very little attention has
‘been paid, and one upon which it is very hard to obtain any
-data. The writer has endeavored to obtain some faets
which might be used as a basis for comparison, and to this
end letters, in which were enclosed a list of questions, were
:sent to many prominent granite quarries in the country.

It was thought, that in order to arrive at numerically
-comparable results, the following points should be taken
into coneideration, and that they would give some idea as to
relative resistance to abrasion or the hardness of the rock.
“These considerations are as follows: —

let. The rate of penetration of a drill of given diameter.

2d. The distance to which such a drill will peuetrate

without being sharpened. ' .
3d. The amount of surface of stone, which can be

dressed down from a rough pointed to a bush-

hammered surface in a given space of time.

4th. The depth to which a sand wheel will cut away

a square foot of surface in a given time.

There are, however, many secondary considerations
-which should be taken into account in comparing such facts,
‘but for which no standard of comparison can be obtained.
Thus, for example, the nationality of the turners and
-strikers, the portion of the country in which the quarry is
located, and the conditions under which the men work, have
.great influence upon the distance penetrated per hour by the
-drills. The quality of the steel in the drill used and the
-degree of temper are important points in regard to the
distance penetrated before sharpening is required. The
-amount of stone cut away with a bush-hammer or peen-
hammer in & given time, is perhaps more than all the others,
-dependent upon the skill and diligence of the workman,

On account of the various kinds of abrasive materials
used at the present time to replace sand no satisfactory results
-could be obtained regarding the rate of cutting of a sand
wheel. Insome cases Tilghman’s chilled shot is used, while
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other granite workers employ the Pittsburgh Crushed Steed
Company’s patent crushed steel.

Thus it appears that although no very sharp distinctions
can be anticipated, it may be possible to draw some con-
clusions regarding relative hardness, which are of interest.
The deductions drawn from the answers sent by the various.
granite firms who have seen fit to reply to the questions.
sent to them, and whose answers were of such a character-
that they could be made comparable with the others are.
given in tabular form on page 43.

From this tabulation it will be seen that the blue granite
from Fourche Mouatain is in general harder than most true
granites from other parts of the country. This is due to its.
compactness and to its almost complete lack of porosity, as shown
by its low degree of absorptiveness. Although the hardness of
quartz (T), which is a constant constituent of all true granites, is
greater than that of feldspar (6), it is at the same time more
brittle, and is consequently chipped away more rapidly by the
pounding of the drill. The mineral eleolite is somewhat softer-
than the feldspar, so that in rocks in which the former is present.
* in large quantities, the hardness is less than in those where it is:
wanting. The syenite of the Diamond Jo quarry at Magnet
Cove, Arkansas contains Jarge quantities of eleolite and is con-
sequently not as hard as the blue granite (pulaskite) of Fourche-
Mountain.

" Strength.—The strength or resistance to crushing of the
blue granite (pulaskite) is very great, and as is shown by the.
tests given below it is considerably stronger than any true
granite yet tested.” In order to prove this a number of com--
pression tests were made upon blocks cut from blue granite-
(pulaskite) of various shades of color. These blocks were
so cut as to give as nearly as possible one and a half square
inches of bearing surface. In order to reduce as much as.
possible the effect of the jar of dressing upon the rock, the blocks
were sawed from hammer-broken specimens three inches or-
more on an edge. They were sand-rubbed on all sides, but not.
polished. Before being broken, they were measured on a
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micrometer and were carefully examined to be sure that no
“flaws or cracks existed, which might influence the results.

The blocks were bedded upon book-binders’ board in order
“to give a good bearing surface and to equalize the pressure. *

The tests were made upon a 50,000 pound (Tinius Olsen)
"testing machine at the Rensselaer Polytechnic Iastitute in Troy,
New York; the machine was kindly loaned for the purpose by P.
*C. Ricketts, C. E., Professor of Rational and Technical Mechanics
-at that institution.

The following list is arranged according to the color of the
specimens tested; the lightest coming first and the darker
“varieties following in their order. t

Table of Compression Tests of * Biue Granite.”

) Red;loe'gmeonu-

Coton A A (e ormare e, [Ber & fn o0 2.

per square inch. ’
1 |Light blue............ 1.64 47,000 28,700 88,280
2 Slightly darker.... 1.07 22.800 21,500 26,820
‘3 |Slightly darker.... 1.57 85,950 22,900 26,745
4 {Medium blue........ 1.50 43,500 29,000 34,950
5 |Very dark blue..... 1.57 44,900 27,900 32,630
Mean............ . 26,000 80,960

These blocks all broke without cracking. They exploded
with great force, and those which stood the highest pressure tore
"the book-binders’ board completely to pieces when they broke,

@ For the use of this material see *‘ Tests of Rutland and Washington County Slates’
'by J. Francis Williams, Van Nostrand’s Eng. Mag., No. CLXXXVIII,, New York, 1884, pp
101-103.

1 This list, including several other rocks to be mentioned later, was published in the
Railroad and Engineering Journal, Vol. LXV., 1891, p. 18, under the title of * Tests of Some
Arkansas Syenites.”

1 Q. A. Gillmore in his report on Compressive Strength, etc., of building stones of the
U. 8. Appendix II., of annual report of Chief of Engineers for 1875, Washiogton, 1875, states

“that the ist to pression per square inch of bed surface in cubes of difterent di-
mensions varies as the half-ordinates of a cubic parsbola. —

The reduction, therefore, may be accomplished by applying the formula y-ﬁ/ zp,

“where:

y==pressure per square inch in block of required size.

z==length of edge of block required in terms of edge of block tested.

p==crushing strength expressed in pounds per square inch, as obtained from the
block tested.



FOURCHE MOUNTAIN ROCK — BLUE CRANITE. 45..

showing with what great velocity the partxcles of the stone were
forced apart.

The specimens tested had approxlmately the size and ap-
pearance shown in the accompanying cuts. The blocks are.
drawn in oblique projection.

I
4

1

Fig. 1. Fig. 2.
Cube of blue granite (pulaskite) . Cube after being crushed.
propared for crushing. Scale 9:10. Scale 9:10

After the crushing two paraboloids (?), similar to those.
shown in Fig. 2, usually remained point to point as indicated,_
and the material which made up the rest of the block was gen-
erally reduced to powder, or broken into thin splinters and
wedges.

The specimens from which these blocks were cut were taken
from the various quarries on Fourche Mountain, but as some of -
the pieces were more weathered than others, and as some were-
subjected to more jar in preparing them than the rest were, it.
seems best not to indicate the exact localities where the séveral
specimens were obtained, lest such a statement should lead to.
unwarranted discriminations.

It will be seen by comparing the results of these experi-
ments with those obtained by Gillmore (loc. cit.), that the com-
pressive strengths are much higher than those of any of"
the granites given in his table. A list of some of the more im-
portant granites of the country, as taken from Gillmore’s report,
is given below. It shows that the Fourche Mountain blue
granite (pulaskite) is much superior to any of them in,
strength.
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Compression tests of Syenite and Granite.

two-

in

LOCALITY.

inch cubes.

Pounds per square

inch

Fourche Mountaio, Ark. (highest test)....... 34,150
Fourche Mountain, Ark. (mean of 5 tests).....| 30,740

St. Oloud, Minn. (highest test).....c.cccccceeenens| 38,000¢
Pompton, N. J 24,040
Mystic River, Conn . 22,250
Staten Island, N. Y. 22,250
Maine (highest in state) 22125
Richmond, Va. 21,250
Huron Islind, Mich 18,125
Westerly, R. I || 17,750
Quincy, Mass.. . 17,750
8t. Cloud, Minn. 17,000
Bay of Fundy, Canada............. ..... 12,020
Average of 82 tests........ccccvercecssersecssanneneens| 15,700

In the case of dimension stones it is seldom that a crushing
'strength of over 15,000 pounds per square inch is required.t
Builders seldom place a stone where it will be obliged to stand
a pressure of more than one tenth of that which it stoodat its
test, and as the maximum pressure at the base of the Washing-
ton monument} is but 26.377 tons (of 2,000 1bs.) per square foot,
or 342.4 lbs. per square inch, this is by no means a difficult
matter, as almost any compact stone, no matter of what material,
will stand over 8,000 Ibs. pressure per square inch. In the case of
arches, where the pressure in the ring-stones is very great these
are often cracked and it is probable that the great pressure com-

©The test of the St. Cloud. Minn., gray hornblendic granite (syenite of Winchell) is taken
from ‘‘ Geology of Minnesota, Vol. I. of Final Report, Chapter III. Building Stones of Mio=
mnessta, by N. H. Winchell, Minneapolis, Minn., 1854,” pp. 196-197. ’

1 Buildiog Stone in New York” by John O. 8mock : Bulletin of New York State
Museum, Albany, 1890, p. 855; also G. P. Merrill: Report, Smithsonian Institution, 1885-1886,
Part IL,, p. 490.

{ Tenth Census of the U. S., Vol. X,, p. 859.
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bined with an unequal distribution over the surface accounts for it.
o large buildings single columns and blocks of stone are often
required to carry huge masses of superstructure. Single blocks
-of stone are used in supporting the ends of bridge trusses and
girders, where the pressure is undistributed. In such cases and
for such purposes as these no better stone can be desired than
‘the Fourche Mountain granite.

Absorptiveness.—By absorptiveness is understood the ca-
pacity of the stone to take up or absorb water. N. H. Winchell
in his report on the building stone of Minnesota (loc. cit., pp.
185-186) minutely describes a method for determining the ab-
sorption of water from the air, and another similar one for the
absorption of water, when the stone is immersed in it. - In the
<case of the blue granite, the amount of water absorbed by the
immersed stone was so small that it was evident that there would
be no use of making tests upon the absorptiveness in air. The
method of determination bere adopted is virtually that described
by Winchell, but which was first suggested by Gillmore in his -
report on building stone (loc. cit., p. 8). The process may be
described as follows :—

A piece of rock weighing from 30 to 60 grams (ca. 1 to 2
-ounces), which has been rounded and smoothed until no sharp
<corners nor deep depressions remain; in fact until it becomes
what is generally designated as *“ waterworn,” was weighed in
the air. It was next immersed in water and allowed to remain
twenty-four hours and was then removed, dried externally with
a piece of filter paper and weighed again. It was then again
immersed and after another day reweighed, and in case the dif-
ference between the two weights was not very great,* this second
weight was taken as that of the stone saturated with water.

The absorptiveness is expressed in figures, by giving the
number of parts by weight of stone, which are required to absorb
one part by weight of water. This is called the ratio of absorp-
tion, and is as follows for the blue granite (pulaskite), from
Fourche mountain and for several true granites from other places.

* If the difference was large the stone was again immersed and weighed again after
another day, and 50 on until an approximately constant weight was obtained.
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Table of absorptiveness.

LOCALITY AND VARIETY. RATIO UF ABSORPTION,

Fourche Mountain, Ark., (Medium ‘“blae granite”)..... 1 to 1678

Fourche Mountain, Ark., (Dark ‘‘blue granite”) ........., | 1 to 4530

8t. Oloud, Minn., (red) 1 to 212

8t. Cloud, Minn., (gray) Traces (prob. not better than 1 to 500)

Rich d, Va . 1 to 348

Niantic, OConn. 1 to 704

Staten Island, N. Y. In all of these the absorption is stated
to be too small to be observed while-

Westerly, R. L......... weighiong (Gillmore). It is probable
that none of them would on soaking-

Quincy, Mass............ absorb leas than 1 to 2 or 8 thous~
and (J. F. W)

Fox Island, Me.........

From the above it will be seen that the absorptiveness has.
been determined for very few of the important rocks of the
country and for the most part only for those whose ratio of
absarption is comparatively large.

. If the Fourche Mountain blue granite had been determined
in the the same way that the others were (i. e., only allowing
them to soak a few minutes) the absorption of water would have
been absolutely imperceptible, Of the two rocks from Fourche
Mountain, the darker one is evidently the less absorptive, for it
takes 4530 parts of it by weight to absorb one part of water,
while in the case of the lighter rock only 1673 parts are required
to absorb one part of water. Either of these ratios indicates a
rock, which is exceedingly impervious to water, and one in which
the interstitial spaces are very small. It is consequeatly a rock
which will stand well in a moist climate, where great changes of
temperature are frequent. In this connection it may be stated,
that much of the disintegration of rock is due to the alternate
freezing and thawing of the water contained in the pores of the
rock.*

¢ ¢Report on Building S8tones,” 1868, by James Hall. Reprinted in 89th annual report

of New York State Museum, Albany, N. Y., 1886, pp. 36 and 87. Since this article was first
ublisbed in 1868 by Prof. ﬁall. many writers have mentioned this subject, thus T. Sterry

%unt states : ‘‘ Other things be.ng equal, it may probably be said that the value of a stone for
bulldlng purposes is invarsely as its por ity or abeorbing power,” GChemical and Geological
Essays by T. 8. Huot, Boston, Mass., 1876, p. 164. Among the other articles upon this aubject,
the following may be mentioned as being among the more important :

“Decay of the Building Stones of New York Uity by Alex. A. Julien ; Transactions of
N.Y. Academy of Sciences, 1878, p. 67.

Building Btone in New York, by John C. 8mock; Bulietin of the New York State
Museum, Vol. II, No. 10., Albany, 1890, p. 373.
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Some experiments* have been made upon true granites with
a view to determining practically the amount of action which
freezing has apon the rock, but-in no case have the experiments
been carried on long enough to admit of any general deductions
being drawn, further than to observe, that in a general way a
disintegrating action takes place.

Almost all authors seem agreed upon the fact that in porous,
coarse-grained granites with large interstitial spaces, the action
of trost is greater than in fine-grained, compact rocks.t

Specific gravity and weight per cubic foot.—One of the most
important matters in connection with the usefulness of a building
stone, is its weight per unit of volume. Thisis expressed scien-
tifically by means of its specific gravity, that is, the weight of
any volume of it whatever, when compared with the weight of
an equal volume of water at 60° F'. (15.56° C.), taken as a unit.
For practical purposes the absolute weight of a cubic foot of
stone, expressed in pounds is more convenient. The weight per
cubic foot may be obtained approximately from the specific
gravity, by multiplying the latter by 621, the weight in pounds
of a cubic foot of water at 60° F. (15.56° C.).

Another common expression for the weight of stone, is
the number of cubic feet contained in a ton (2000 1s.) and is
obtained by dividing the number 2000 by the weight of a cubic
foot of stone expressed in pounds. In the following list are
tabulated the strength per square inch in two inch cubes, specific
gravity, weight per cubic foot, and number of cubic feet in a ton
of three shades of the “blue granite” from Fourche Mountain
and of granites from other localities, chosen on account of the
extremes in weight and strength which they show.

¢ N. H. Winchell. loc, cit., p. 185. Experiments by J. A. Dodge of the University of
Minnesota.

1 N. H. Winchell (loc. cit., p. 188) makes two statements in regard to this matter, which
at first sight seem somewhat contradictory. He writes, ¢ A stone that absords motsture abund-
antly and rapidly is apt to be injured by alternate freezing and thawing.” And in the next
paragraph he states, ‘ A stone that is compactly and finely granular will exfoliste by freezing
and thawing more easily than one that is coarse-grained.” 1In the latter statement he evidently
refers to the clayey, close-grained, granular rocks as distinguished from the crystalline and
fibrous rocks, since in the next sentence he states that the former disintegrate much more.
rapidly than the latter,

4 Geological; Vol. ii., 1890.
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Table showing relation of weight to strength in granites.

u: . > V .g é
= Z | g%

.='g‘§ g | Sa2 §§

LOCALITY. COLOR. 356 | g% | 85% | 52

g85 | 3 |228| 38

£52 | & 835|332

@z ) (63

g g
Fourche Mountain, ArK.........ccccecunsnseeneeses| Light blue...... 33,280 2.685 | 1647 | 12,14
“ “ 0 reeensems ieseoneronens Medium blue...| 34,950 2.642 165.1 12.11
“ * [, . | Dark blue........ 82,630 2.690 | 168.1 | 11.89
“ “ ¢« (Average) 33,620 | 2.656 | 166.0¢| 12.06
Staten Island, N. Y Blue 22,260 2.861 | 178.8 | 11.18
Jersey Heights, N. J..cccuruieecreeenrinniccssnnes Very dark ....| 22,250 8.030 | 189.5 | 10.55
Dix Island. Me. 15,000 2.635 166.6 12.01
Quincy, Mass, Light, 14,750 2.695 | 168.7 | 11,91
YWesterly, R. I 17,760 2.646 165.6 12.07
Carver's Quarry, Me.....ccocecrevnneessecnencines Light....ccoreneen. 15,093 2,575 | 161.0 | 12.42
New Haven, Conn Gray 9,500 2.600 162.5 12.30

It will be observed that, where granites having about
the same weight as the Fourche Mountain rock are considered,
they have very much less strength, and where the strength
approaches that of the Fourche Mountain rock, they increase
very much in weight.

Effect of heat.—Specimens of blue granite (pulaskite)
were experimented upon with regard to the effect of heat only in
a very crude way. The various specimens were successively
placed in a crucible and brought to a red heat in a crucible
furnace heated by gas, and the following effects were observed :

a. Up to the point where the first degree of redness was
observed, no alteration in the stone was detected,

b. Up to alow red heat, the stone was only slightly and
superficially injured. When rubbed in the hands after having
been so heated small particles of feldepar were detached.

c. Upto a bright red heat, the stone showed the same
deterioration as mentioned above, but in a greater degree, and
in addition it emitted a rasping, hollow sound, when rubbed in
the bands, showing that to a considerable distance below the

© Average weight per eublc meter of the blue granite is 2659 kilos,
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surface the feldspar crystals had become cracked and separated.
No cracks were observed in the stone itself.

It is probable that the stone stood these rather severe tests
as well, if not better, than specimens of true granite, that is
granite containing quartz, would have stood them.

The most complete paper upon the subject of the effect of
heat upon granite is that published by H. A. Cutting. *

Cutting says: ‘ When the specimens were heated to 600
degrees Fah., I have immersed them in water, also immersing
-others, or the same if uninjured, at varying temperatures up to
800 and 900 degrees, that is, if they are not spoiled at less
t¢emperatures.”

On page 4 heremarks: I find that all these samples of
building stones (granites, sandstones and limestones) have stood
heat without damage up to 500 degress. At 600 degrees a few
are injured ; .but the injury in many cases commences at or near
that point. When cooled without immersion they appear to be
injured less, but are ready to cramble, and I think they are
many times pearly as much impaired, and always somewhat
injured where water produces any injury.”

N. H. Winchell in his work on the building stones of Min-
nesota, already cited, gives numerous experiments on the heat-
ing of granites and other stones (loc. cit., p. 186).

Recapitulation of results.—A. recapitulation of the results of
the foregoing tests may be given in a few words, which will
show very decidedly the great value of the Fourche Mountain
granite (pulaskite) as a building and paving material,

1. Its strength is greater than that of any known granite.

2. Its hardness, or resistance to wear is very great, and as
far as comparison has been possible, it has been shown
to be harder than any true granite.

3. Its weight is less than that of most true granites, and
when compared with that of graaite having at the same
time great strength, it is found to be less than that of
the latter.

® Notes on Building Stones, alto on Plant Growth, by Hiram A. Cutting, A. M.,
Ph. D., State Geologist, Vermont, Montpelier Vt.,1880. This was also published in the state
weport of Yermont.
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Its resistance to fire is considerable and is probably
greater than that of any stone containing quartz.

Its porosity and absorptiveness are very small, and
amount to practically nothing. Hence the action of
frost and moxsture upon it will be reduced to a
minimum.

On account of its lack of porosity, and the uniformity
of its mineralogic composition, the action of acids and
corrosive gases upon it is very slight.

Its resistance to weathering, which is in a great part
determined by Nos. 2, 5 and 6, is probably very great,
and indeed it is actually shown to be so, by the sharp
corners and sound faces of the rock, which for centuries
has lain on the side of the mountain, exposed to the
action of the elements.

Its color is extremely pleasing, and as the amount of
iron compounds present is very small the stone does
not easily stain or change color. It is probable, how-
ever, that in time the dark bluish gray color will
become somewhat lighter, owing to the fading out of
the blue-gray feldspars.

Its hardness makes the drilling, quarrying and the
dressing of the stone somewhat more difficult than is
the case with true granites, but this is offset, in a great
measure, by the natural planes of separation, which are
found lying at nearly right angles to each other in the
massive rock, and which are so distributed as to
facilitate the quarrying of the rock in a very marked
degree. (See plate 3, p. 20).

N. H. Winchell (loc. cit., p. 199) prints a table in which
he gives “credits’” on a basis of ten for each one of the qualities

of a rock and obtains the list given in the first column of the
following table for the granite from East 8t. Cloud, Minn.*
The second column of the following table contains the results of
the tests on the blue granite (pulaskite) from Fourche Mountain.

p—

*The quality Aardness was not considered by Winchell, but has been fnserted in
the table, which is in other respects (total and average excepted) ashe gives it.
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- Table showing relative qualities of Arkansas and Minnesota

“Granites.”

TESTS. i Bt Clond, A‘Iﬁz,;.“:,.m‘:‘(,

(bedded)... 10 No bedding.
Crushing strength

(on edge)........ ereerssesssesses 10 11%
Batio 0f ADBOTPLION..ceeemes wuecrsmsnsee wusssonsansossens 10 1
Absorption of moisture in 7 weeks...........ccceeee 10 -
Absorption of water in 4 days........ccccerrennenne. 8 10
Frost 8 weeks, visible effects.........ccccceecereeseees 10
Loss of weight by frost. 10
‘Visible effects of dry heat to redness........... .. 10 10
Visible effects of water on dry stone...............| ]
Effect of carbonic acid in 6 weeks........ 10
Visible effects of corroding vapors....cee..cossse 9
Loes of weight by corroding vapors.....ce....... 10
Facility of Aressing...........ccoceeessens sosssssorsosaesnes § 3
HATANESS . evvacessrcesesosneeresonsssessonsrasessssssarensaness 7 10

Total Credita.....cvvsummmssmsess-sssscosen 1% 3

Rank on le of 100 885 oL1
Qolor. . GTy. ﬁl—um

By this rating, the strength and absorptiveness of the Ar-
kansas rock become more than ten. That the Little Rock
granite stands below that from Minnesota in  facility of dress-
ing” may be assumed from the statistics received from the
Ortonville, Minnesota, quarries, the stone from which is prob-
ably very similar in character to that from E. St. Cloud.

The low rank of the Fourche Mountain rock in “facility of
dreasing” is offset by its superior “hardness,” for as was shown
above, these two properties are almost complementary.

Prof. Winchell states that as far as the true relative values
of rocks for practical purposes are concerned some of the tests
are much more important than the others. Thus the resistance
to fire and the absorption of moisture from the air are less im-

* Not given in Winchell’s table.

1 Although not mathematically allowable, this representiog of certaln qualities of the
Arkansas rock by numbers greater than 10 gives a better idea of the relative value of the two
wocks than could otherwise be obtained.
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portant than the strength, hardness and resistance to frost action.
It would, however, be very difficult to construct a table or ratio
which would express these relative values correctly.

Uses of blue granite.—The blue granite (pulaskite) has
already been quarried to a considerable extent both as a
building stone* and as a material for roads, either in the form
of Belgian blocks for streets or of crushed stone for macadamized
highways. As a building stone it has been used very largely in
the form of window- and door-sills, window-caps, water-tables,
stone steps, and foundation materials, and has also been used as
the principal wall stone in several large edifices.

The Pulaski county court-house (plate 9) on the corner of
8econd and Spring Streets, Little Rock, is built above the base-
ment of blue granite (pulaskite) trimmed with limestone. The
basement is constructed of the brown granite (dike rock),
and will be mentioned later. This building is tasteful and the
contrast between the different stones used in its construction is
very pleasing.

The Roman Catholic cathedral on the corner of Seventh
and Louisiana streets, Little Rock, is built partly of the
blue and partly of the brown granite, but the two stones are
mingled in such a way, as to give a somewhat mottled appearance
to the building. It is, therefore, not as handsome a building as
would have been produced had either rock been used alone.

The Dallas County court-house in Dallas, Texas, is built in
part of the blue granite of Arkansas and is already so far com-
pleted as to show that it will be an extremely handsome building«
Several other buildings in Dallas are built in part of the Ar-
kansas stone, :

The First Methodist Church of Memphis, Tennessee, is
built mostly of the blue granite, and this material has been
extensively used in the construction of a large brewery in the
same city.

The stone appears in many store fronts, retaining walls,
bridge piers and abutments throughout the ctate, and has also

*Plate 8 shows a numberof blocks of blue granite dressed at the *‘ Fourche Mountain
quarry” owned by ex-Governor C. C. Bliss of Little Rack.
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been much used for such minor purposes as hitching and gate
posts and mounting blocks.

Thousands of tons of this rock have been quarried for Bel-

_ gian blocks, and have been shipped to many of the neighboring
cities, as Louisville, Memphis, etc., as well as having been used
in Little Rock itself. No better stone can be conceived of for
this purpnse, for it fulfills all the requirements, that are made of
such material. It is sirong enough to withstand any blows it
may receive and at the same time is hard enough to resist the
wear to which it may be subjected, better than any knowu granite
or syenite. It does not become smooth and slippery under con-
tinual wear as paving blocks consisting of only one mineral or
of very fine-grained constituents are known to do.*

In the form of crushed rock tor the foundation of macad-
amized roads this rock has already proved itself very valuable.
It should, however, be covered with a layer of denser, finer
grained stone, like trap or quartzite, which will withstand the
pulverizing action of the wheels longer than the granular “syen-
ite.” The blue granite is quite commonly employed as curbing,
but it is so hard to work and this class of cut stone commands
so small a price that it is not very profitable to use it for this

purpose.
b. Crystallographic, Microscopic and Chemical Investigation.

The structure of the blue granite (pulaskite) may be de-
scribed as being intermediate between hypidiomorphic
granular and granitic porphyritic, inclining in some speci-
mens more to the one and in others more toward the other..
The form of the feldspar crystals gives a trachytic (see
chap. IV. 11. C. 1) appearance to the rock.

The following minerals are usually found in every
specimen of the rock, but they are present in variable
quantities. Especially among the basic silicates is this
particularly noticeable since in many cases one of them pre-
dominates to the almost complete exclusion of the others.

© See Census Bulletin No. 45 of the Eleventh Census of the United States, March, 1891,
page 23.
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The minerals are orthoclase (kryptoperthite), hornblende
(arfvedsonite), augite (diopeide), biotite, eleolite, sodalite
(rare), titanite, apatite, etc. _

This rock corresponds in some respects to the third
variety of augite syenite mentioned by Rosenbusch (Mik.
Physiog. Band IIL, p. 70) and described by Brogger*
(Bilur. Etagen, p. 256.) Brogger called the rock which he
described in the 8ilur. Etagen augite syenite, but in his
later publication he gave the local name laurvikite to it
(Syenitpegmatitgiinge, p. 28.) The Norwegian rock is
characterized by & peculiar form of feldspar, which does not
exist in the Arkansas rock, and hence a complete similarity
cannot be established between the two rockst. Ordinarily
the Arkansas rock is much richer in hornblende (arfvedson-
ite) than the laurvikite or the augite syenites-in general
and must be cousidered as a trachitic form of an eleolitic
hornblende syenite. Such a rock has not as yet been de-
scribed and the writer suggests the name PULASKITE—that
of Pulaski} county in which the city of Little Rock and

* W. C. Brigger, now Professor of Mineralogy and Geology in the high school in Stock-
bolm, published in 1882, a work entitled * Die silurischen Etagen 2 und 3 im Kristianiagebiet
und auf Eker, ihre Gliederung, Fossilien, Schichtenstsrungen und Cobntactmetamorphosen
von W, C. Brogger, Kristiania, 1882.’ In this he describes especially the sedimentary rocks
and thelr fossils, but at the same time gives a short description of tbe igneous rock of that

eston. In 1890 the same author published a work entitled *‘ Die Mineralien der Syenit-
pegmatitginge der stidnorwegischen Augit- und Nephelinsyenite von W. C. Brogger mit zahl-
reichen chemisch-analytischen Beitrigen von P. T. Oleve U. A., Leipsig, 1890.” This ap-
peared as the sixteenth volume of the Zeitschrift fir Krystallographie und Mineralogie pub-
lished by P. Groth and censists of one volume divided into two parts. The first 235 pages are
devoted to a geologic description of the region about Christiania, and contain many petro-
graphic descriptions and analyses of the igneous rocks. In the sccond part of the work the
author confines himself, as the title indicates, to the description of the individual minerals
which occur 10 the pegmatite dikes in that region. The autkor of these valuable works is now
preparing a monograph upon the igneous rocks of the same region, in which he will discuss
their petrographic characteristics and relations more fully than he has done in either of the
preceding publications. It is for this petrogrophic monograph that many of the analyses pub-
lished in the Syenitpegmatitginge werc prepared.

As numerous references will be made in this reportto these two works, they will be
designated in the text simply as (Silur. Etagen, p. —), for the earlier, and (Syenitpegmatit~
ginge, p.—) for the latter, and thus many long titles and numerous foot notes will be avoided .

1 Professor Rosenbusch has kindly informed the writer that although the typical laur-
vikite Is not identical with the Arkaosas rock, certain varieties of the former resemble it very

closely.
’ { The county was named after Count Casimir Pulaski, a Polish patriot, who fought on

the American side during the war of the Revolution and was killed at the siege of Savannah,
Ga., In 1779,
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Fourche Mountain #re situated—as a designation for this
‘type of rocks§.

The relation of pulaskite to the rocks which it most
~closely resembles is represented by the following diagram:

Graphic representation of the relation of pulaskite to the allied
rocks.

The minerals and structures enclosed in the squares
‘mearest to the various rocks mentioned represent the in-
gredients and properties which those rocks possess and
the others lack. Thus pulaskite contains hornblende and
has a trachytic structure, while laurvikite contains augite in

¢ As this 1s going to press word has been received from Professor W. 8. Bayley of Colby
University, Waterville, Malne, that he has found the rock from Red Hill, N. H., described as
hornblende syenite by G. W. Hawes (Mineralogy and Lithology of New Hampshire, 1878)
-to be an eleolite syenite, and consequently a hornblende eleolite syenite; The New Hampshire
wock is, however, quite unlike that from Arkansas in appearance and structure.
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large quantities and little or no hornblende and has a laur-
vikitic structure.

Orthoclage is by far the most important mineral in the
rock. It appears usually in two distinct generations. The
crystals, which belong to the first generation, are large (10-30-
mm in length) and often show an idiomorphic form, although

-this is frequently hidden by the beginning of the crystalliza-
tion of the minerals of the second generation, before that of"
thefirst was entirely completed.

It is seldom that the external form can be observed,
but in a slightly weathered specimen of the blue rock, con-
taining very large crystals, individuals were found showing-
the following faces: 0P (001), ccPs (010) and P (110).
Some of these crystals were twins parallel to the base (100),
while the others were Carlsbad twins. In one case, these two
laws were observed combined in the same crystal. These
large orthoclase phenocrysts are for the most part very im-
pelucid, but in some cases they are partially transparent in
the center. A kaolinization has evidently taken place from
the outside, and bas worked inward leaving the centers of"
the larger crystals comparatively fresh.

The crystals have two systems of cleavage-planes paral-
lel respectively to the base (001) and the clinopinacoid (010).

Beveral of these crystals were kindly measured by
Professor J. F. Kemp of Cornell University, with the follow-
ing results:—

P M (1)eneereenererssssnssaescncses 89° 57/
[ R .9 03

[ O 90 00
Mean ..ccccevnnnennrannas ?6—0_6

Another piece, on which the faces were not quite so.
perfect, gave a variation from 90° of 8% minutes, but it is
certain that the first readings are the more correct. It ia
evident, therefore, that the crystal is monclinic in its habit.

Under the microscope some of the feldspar crystals are
seen to contain small cavities, elongated in such a way as to-
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give the appearance of minute, black needles. These are
generally arranged parallel to each other and are found
either at right angles to, or parallel to the cleavage-planes.
‘A few larger cavities have been observed, which appear
to contain fluide, in which stationary gas bubbles often
appear. In many crystals an indistinct microperthitic struct-
ure has been observed.

When viewed in convergent polarized light the optic
axis angle of the feldspar is seen to be small, not over 30°,
but it has not, however, been accurately measured in any of
the specimens, In all cases in which it has been observed it
has been found to lie in the symmetry-plane (010).

‘The feldspar contains as inclusions besides the basic silicates,
apatite, magnetite and not infrequently irregularly bounded
grains of eleolite or nepheline. If several of these are in-
cluded in the same individual, they are generally all extinguished
at the same time when examined between crossed nicols. They
appear to be arranged without any regularity so far as the
crystallographic form of the including mineral is concerned.

The chemical analysis corresponds with the preceding
observations, and shows that the mineral is an isomorphic
mixture of a potassium and sodium polysilicate.

The following analysis was made by the Survey, W. A.
Noyes, professor of chemistry at the Rose Polytechnic Institute,
Terre Haute, Ind., analyst :— '

Analysis of Kryptoperthite from Fourche Mt. -

155 10 S 66.95
ALO g i ceiuirinniiiiiiniiennennenenneen 17.87
B O T N . 0.90
L0710 LN . 0.52
MEBO . ceoerrurnnrennnnenranisennescssnennns 0.24
B Z 0 TN 7.82
B UL Y0 Uy 5.20
H,O (loss on ignition)............ 0.30

Total......ccccu....... TN 99.80

The silica appears to be a little too high and the alumina a



60 ANNUAL REPORT STATE GEOLOGIST.

little too low, when compared with other analyses of orthoclase
rich in sodium.

When all the facts mentioned above are taken into con-
‘gideration, it is evident that the feldspar is a sodium orthoclase
and is very similar to, if not identical with, Brogger’s kryptoperth-
-¢te (Byenitpegmatitgiinge, p. 524), although -the amount of
soda is somewhat less than is usually found in this. For the
'sake of comparison the following analyses from Brogger’s work

-are quoted :—
Analyses of Feldspars.

I II. II1.
CONSTITUENTS.
Fourche Mt F’:‘.‘:}:" Laurvik.

8io 66.95 66.08 65.90
Al,0,. 17.87 18.77 19.46
FegOyg..nuuenieersnnsonncnrecnsannessssnnes o) 0.90  |..ccovererresneee 0.44
CaO 0.52 0.37 0.28
MgO. 0.24  |.ivieieesnnnne
K,0 7.82 7.68 6.55
Na,0 5.20 6.54 6.14
Losson 1gnition...cceeecereecersaessanes 0.30 0.12

Total | 9980 99,44 98.90

I. Feldspar from Fourche Mt., Arkansas—Anal.by W. A. Noyes.
II. Kryptoperthite from Fredriksvarn, Norway—Anal. by G.
Flink.

III. Kryptoperthite from Laurvik, Norway (in green eleolite)—
-Anal. by G. G. Gmelin.

The agreement of these various specimens is sufficiently
close to establish their identity.

Plagioclase seems to be entirely wanting, as no crystal of it
has been observed in any of the fifty or more sections of this
rock which were examined.

Quartz does not appear in this rock.

The dark colored minerals which occur in this rock are
-usually collected together in small groups, and it is ounly very
seldom, that single crystals are found scattered amoug the ortho-
<clase individuals. These basic silicates are naturally all idiomor-
phic with regard to the younger light colored silicates, but
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among themselves they show peculiar intergrowths. Of the -
three, biotite is evidently the oldest, as each of the others in
turn surround it. Hornblende comes next in order, and the.
pyroxene is the youngest.

Biotite (black mica) is of a black color, and occasionally:
shows an apparently hexagonal form, but it is more often found.
in irregularly bounded plates. It is especially distinguished by-
its perfect cleavage parallel to the base (001). Ia some of the
darker varieties of the blue granite (pulaskite), it shows a
peculiar bronzy lustre, which makes it very conspicuous,
especially in a polished surface. In such cases it is quite brittle
and filled with innumerable inclusions of other minerals, prin-
cipally apatite and feldspar, in irregular' grains,

In thin sections, the biotite usually appears as irregularly
bounded pieces of a reddish brown to a dark brown color, show-
ing very strong pleochroism with the usual absorption. The-
plane of extinction appears to be very nearly at right angles to
the cleavage-planes. The crystals are sometimes scattered
irregularly through the section, but are more often clustered
together with the other basic silicates into small nests or gro ups.
indicating a secondary character for some of them.

Plates parallel to the base (001) (cleavage-plates) show in
convergent light that the mineral is almost uniaxial. The axial
angle seldom if ever exceeds four degrees, and is usually found
to be less. In all cases where the position of the axes.
could be determined they were found to lie parallel to the
symmetry-plane, showing that the mica is a meroxene and not.
an anomite. The character of the double refraction is negative,
and the dispersion of the axes and bisectrix is as usual in such
micas.

The only inclusions which have been observed are magne-
tite and apatite. The latter is very common and often constl-
tutes a good part of the plate.

Pyrozene occurs in comparatively small, thick, greenish
black crystals, which are difficult of detection macrescopically.
Under the microscope they appear as very light green, or nearly
colorless crystals, often idiomorphic and showing the forms
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o0 P& (100), coPdo (010) and ocoP (110), but also frequently
allotriomorphically bounded and grouped together with other
individuals into small aggregations.

Under the microscope the cleavage, in sections at right
-angles to the vertical axis, appears as sharp lines cutting each
other at approximately 87° and lying parallel to the prism faces
(110), There appears also in such sections an indistinct
separation, which can hardly be called a cleavage, approximately
parallel to the orthopinacoid (100). Tn sections parallel to the
vertical axis the prismatic cleavage appears in the form of
parallel cracks, usually highly inclined to the surface of the
sections. Here also appears a system of irregular cracks which
in this case lie approximately parallel to the base (001).

Twins are not common, but some crystals have- been
observed which were made up of two individuals twinned
parallel to the orthopinacoid (100). In a few cases sections at
right angles to the vertical axis of the crystal, show a plate
parallel to the orthopinacoid (100), interposed between the two
halves of the inclosing crystal.

Observed in parallel polarized light, the basal sections show
total extinction, when the cross-hairs bisect the angles made by
the cleavage-cracks, and hence lie respectively parallel and
perpendicular to the symmetry-plane.

In the light colored crystals pleochroism is not detectable,
-except near the edge, but in those which have a decided green
tinge, the pleochroism varies between two shades of light green.
The formula for the absorption is probably ¢>a>b.

The position of the acute bisectrix, in sections parallel to
the plane of symmetry, varies somewhat in different specimens.
‘The angle which it makes with the vertical axis reaches a
maximum at about 52° but it has been observed in some sections,
also apparently parallel to the symmetry-plane; .to be as small
as 40 degrees.

In some cases a zonal structure has been observed where the
center of the crystal shows a greater angle of extinction than
the outside. Thus in one comparatively large crystal (2 mm
dong) the central kernel was extinguished at an angle of 51°,
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‘while the outside became dark when an angle of 46° had been
reached. In this case the central portion was slightly darker in
«color than the outside. The reverse of this is, however, ususlly
the case in this rock, and it has generally been observed that
‘while the main portion of the crystal is colorless or nearly so, a
slightly greenish edge surrounds it, and that in some cases this
-edge becomes quite deep in color. There is a marked difference
in the angles of extinction measured for the greenish borders
and the lighter interiors, the former becoming dark at an angle
of not more than 8° to 10° while the latter show the normal
-extinction angles of 40° to 50°. It is probable that an segiritic
border was formed about the crystals, by the action of the
strongly alkaline magma in which they were produced.

It seems probable from the foregoing considerations, that
the principal form of pyroxene found in this rock, is diopside,
which has been altered about the edge to an sgiritic mineral.

Among the inclusions which have been noted are apatite,
magnetite, titanite, biotite, and irregularly distributed gas-pores,
some of which reach a diameter of several tenths of a millimeter.

Amphibole occurs in thick, short prisms, seldom exceeding
1 mm in any direction. It is of a jet-black color and presents a
black, glistening surface under the magnifiying-glass.

In thin sections under the microscope it usually appears in
rich, chestnut-brown, greenish brown, or dark green crystals,
which are bounded by the faces coP (110), 0P (100) and
oo Pco (010). 0 (001) and some orthodome (m0T) have also been
observed. The cleavage-cracks parallel to the two prisms are
very sharply defined, and show the usual prism angle for
amphibole. In addition to these two systems of cleavage-
cracks, there appears another, much less distinct and indicated
by but a few cracks, lying parallel to the clinopinacoid (010).
The pleochroism is very marked and is as follows :—

parallel to b reddish brown ;

parallel to a light yellowish brown ;

parallel to ¢ dark reddish brown;
and the absorption is expressed by the formula ¢>b>a.
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In other cases where the crystals become more decidedly
. green the pleochroism becomes :—

parallel to b deep bluish green ;

parallel to a brownish yellow ;

parallel to ¢ yellowish green ;
and the absorption is b>¢>a.

In polarized light, sections at right angles to the vertical
axis are totally extinguished when the oross-hairs bisect the
angles made by the prismatic cleavage-planes. In sections
. parallel to the clinopinacoid (010) the angle of extinction is
quite large, 20° having in some places been observed. A dark
green edge, or border, surrounds many of the brown crystals,
but no difference in the angle of extinction between the center
of the crystal and this green band has been detected. Some
of the brown crystals are completely free from such a border,
but it almost always appears about the greenish ones,

It is probable from the general appearance of these
crystals, that they belong to that group of amphiboles
known as arfvedsonite,* but no chemical tests have been
attempted in proof of this supposition. Twin crystals have
not been observed.

Among the inclusions may be mentioned those which
were enumerated as occurring in pyroxene with the addition
of that mineral itself. Gas inclusions are not uncommon,
but they play no important part in the physiography of the
crystal.

Professor Rosenbusch has informed the writer that the
rare and interesting mineral ainigmatite (Breithaupt) appears
in the form of a slender needle, in a section of a specimen of
this rock sent to him for inspection.

The peculiar relations which the three basic silicates
described above bear to each other deserve a special men-
tion. It has already been stated that these appear, to a
certain extent, to replace each other, so that where one
strongly predominates the other two are found in smaller

* Prof. H. Rosenbusch has kindly informed the writer that he considers them to be
closely allied to the barkevikite of Brogger.
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quantities. This is carried, in some cases, to the almost
complete elimination of one or other or both of the less -
important minerals; at the same time a corresponding
increase in the amount of the more important one takes place.
" Thus biotite is found in distinct individuals (usually
rounded) included in both of the other basic silicates. Where
it occurs iu the pyroxene, it is occasionally found with its
basal cleavage parallel to the vertical axis of that mineral,
but this is by no means the rule and appears to be due more to
accident thau to any inherent tendency of the crystals to
arrange themselves in that order. The same may be said of
amphibole and biotite. In the case of the intergrowth of the
pyroxene with the amphibole it is evident that there is a
distinct tendency for them to arrange themselves with par-
allel vertical axes and with their cleavage-planes so situated
that the bisectrices of the included angles fall together.
Thus pyroxene crystals may be found which are partially or
entirely surrounded by amphibole and which, if they are
studied in sections perpendicular to the vertical axis, are
found to become dark in parallel polarized light at the same
instaut with the amphibole crystals. In such intergrowths,
sections approximately parallel to the clinopinacoid (010)
show a marked difference in the angles of extinction between
" the two individuals for when the one is dark the other is
light. There are many cases where this parallel intergrowth
has not taken place and crystals of pyroxene and amphibole
are found in irregular combivations. In every case the
pyroxene is evidently the older.

Eleolite or nepheline holds an intermediate position
between the essential and the accessory minerals. In
some specimens it becomes quite insignificant while in
others it appears to play quite an important part. It might
well be termed a characteristic accessory mineral, which,
when present, gives a certain character to the rock, but which
when absent, does not necessitate a change of name, nor does it
indicate an alteration in the genetic conditions under which

the rock was formed.
5 Geolegical; Vol. ii., 1890,
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Eleolite never occurs in this rock as idiomorphic
crystals,” but always in wedge shaped or polyhedral masses
which take their exterior form from the minerals by which
they are surrounded. These masses are too small to be
readily detected by the naked eye and only in very few
cases do they reach a diameter of a millimeter. They are
generally colorless or slightly tinged with yellow.

Under the microscope eleolite appears as a transparent,
colorless substance which occupies the spaces between the
feldspars or other minerals which make up the rock and is

" usually bounded by a triangular or polygonal outline. It
has also been frequently observed as rounded sections in-
cluded in the large feldspar crystals, These irregular
sections seldom show a true cleavage though an uneven
fracture through them is not uncommonly observed.

It is a very common thing to find this mineral altered
to analcite; in some cases 8o complete has been this
change that in many sections no remnant of the original
substance can be found. In such cases it must be assumed
that eleolite was the mineral from which the analcite was
derived, for as will be described later, analcite has been found
in associated rocks surrounding an undecomposed mass of
eleolite. Hence it appears more than probable that it is,
in this case also, an alteration product of that same mineral.

When the eleolite or nepheline is fresh and unaltered
it gives a sharp extinction and shows the negative character
of its double refraction in cases where a selenite plate can
be used. In convergent polarized light a black cross
appears but no rings are visible. Microchemic tests show
the presence of gelatinous silica and of sodium.

Brogger (Silur. Etagen. p. 268) describes nepheline of a
very similar form, but in the Norwegian rocks the alteration
to aualcite appears to have taken place in & much less marked
degree.

Eleolite is nearly free from inclusions but contains a
few needles of apatite and here and there beautiful, slender
wmgirite crystals (see under secondary mgirite).
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Sodalite appears in only a few of the sections and is
generally nearly filled with dust-like inclusions. It is for
the most part completely altered into undeterminable de-
<composition products, which have a decided action on po-
larized light. The sodalite crystalsare about half a millimeter
in diameter and are geuerally bounded by the other con-
stituents of the rock, but in a few cases they show idiomor-
phic outlines. Inclusions of magnetite, apatite and the basic
silicates have been observed.

Titanite is by far the most important and most common
of the truly accessory minerals. It forms light to dark yel-
low idiomorphic crystals some of which are as much as
1.5 mm in diameter and may easily be detected macroscopic-
ally by their resinous lustre and yellow collor.

Under the microscope these are especially noticeable on
account of their sharp outlines and the rough appearance of
their surfaces. They are practically free from inclusions
and are evidently the first crystals that were formed. Their
general characteristics are precisely like those of other rock-
forming titanite crystals so they need not be described in
detail. Twins are very rare in this rock.

Apatite comes next to the titanite in the order of its
formation and in some specimens it becomes quite im-
portant on account of the quantity present. Its crystals attain,
in some cases, a length of two millimeters and form
slender idiomorphic prisms, generally truncated at both
ends by pyramidal faces. The characteristic separation
cracks approximately parallel to the base are well marked,
but the commonly observed dusty appearance in the center
of the crystal is wanting. The properties of the mineral are
identical with those usually described.

Magnetite occurs sparingly in small idiomorphic grains
which are opaque and show a rough surface under the mi-
croscope. They seldom exceed a tenth of a millimeter in
diameter and are found scattered tbrough almost all the
other constituents of the rock.

Fluorite has been observed in minute purple crystals
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which remain dark between crossed nicols during a
complete revolution of the stage. Cleavage-planes parallel
to O (111) are visible. The purple coloring matter appears
to be unevenly distributed through the crystal but no optic
irregularities have been detected.

Secondary cegirite appears in the form of very minute
slender prisms showing the pinacoid and prism faces. Under
the microscope it appears of a bright green color and shows
an extinction angle in sections parallel to the clinopinacoid
(010) of not more than two degrees. The pleochroism is
strong. These minute needles show a remarkably dark
band about all the edges which is due to the total refraction
of the light. The extinction angle is so small that it is
often almost impossible to measure it and the crystals ap-
pear like epidote needles. It is seen, however, from the sec~
tions at right angles to the longest diameter that the crystals.
belong to the pyroxeme and not to the epidote group.
These crystals are usually radially arranged about a corner
of an amphibole crystal or about a magnetite grain. They
- are also found scattered singly through some of the light
colored components of the rock and are especially frequent
in the eleolite (nepheline). It is evident from their mode of
occurrence that'they are of secondary origin,

Analcite, which has already been mentioned under the
head of eleolite or nepheline, plays an important part in the
microphysiography of many specimens of the rock under
consideration.

It usually occurs in the same form that the eleolite had
before it but occasionally extends beyond that border into.
the feldspar crystals which bounded the original eleolite. It
appears as if it had taken some of its material from the feld-
spar and had grown at its expense. Inthe majority of cases
it appears under the microscope to be of a slightly pinkish
or brownish color; it is not wholly transparent but pre-
sents a slightly dusty appearance. Between crossed -nicols.
it appears perfectly dark, so far as transmitted light is con-
eerned, but has a slightly pinkish or yellowish appearance



FOURCHE MOUNTAIN ROOK-— BLUE GRANITE. 69

which isdue to reflected light. Itsindex of refraction is low
and its surface shows no relief. Buch crystals can with
difficulty be distinguished from sodalite. In some cases
the analcite shows a weak double refraction between crossed
nicols, and in such cases these anomalies can be brought
out very much more distinctly by the use of a selenite plate.
The crystals which show these optic anomalies to the best
advantage are at the same time the clearest and lightest in
color, Cleavage-cracks at right angles to each other have
been observed but, owing to lack of external form, these
could not be identified as being parallel to any particular
faces of the crystals.

Quartz and zircon are entirely wanting. In order to be
sure that the latter was not overlooked a quantity of the
somewhat decomposed rock was washed in a “batea” or
Brazilian mining pan* The residue, after having been
freed from magnetite, was examined under the microscope
but without disclosing any rare minerals,

It is evident from the fractured appearance of certain
of the minerals in some specimens of this rock, that they
were subjected to a good deal of crushing before the rock
solidified. Thus in a dark colored specimen of rock from
the top of the Fourche Mountain ridge, long biotites are
found which have been broken through at right angles to
their cleavage-planes and the fragments thus formed have
been separated from each other and in some cases pressed
out of line. The spaces between the sections have been
filled with feldspathic material.

From the foregoing description it will be seen that the
pulaskite is an eleolitic (nephelinitic) syenite, in which
amphibole usually predominates among the basic silicates,
and pyroxeue and biotite are present in small quantities.
Although generally somewhat finer grained than Brigger’s
duurvikite, and while differing from it in the shape of its feld-

¢ For the use of this lustrument, as applied to the detection of rock-making minerals
Qaving » high specific gravity, see O. A, Derby’s paper read at thé Indianapolis Meeting of the
A m. Assoc, for the Advancement of Science. (Proc. A. A. A. 8., Vol. XXXIX, 1891.)
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spars, it certainly bears a very close relation to that unique
form of syenite. That this likeness between the two rocka
is not only mineralogic and structural, but also chemical,
is shown by the following analyses :—

Analyses of pulaskite and laurvikite.

L II. II1.
CONSTITUENTS. PULASKITE. LAURVIKITE.
Mouniatn. | “weathered” | Norway.
|30 P PR 60.08 60.68 58.88
Al0g ccueu e coonnend] 20.76 18.77 20.30
Fez0; cvverer weeoen 4.01 8.40 8.63
Fe0.cccrumerrrnsasnines 0.75 0.45 2.58(%)
Ca0...civmmrnnneesonns 2.62 2.71 3.03
MO .eocvrnnenranenn o 0.80 0.93 0.79
trace trace | ... “
5.48 5.72 4.50 (1)
R £ P10 R, 5.96 not determined 5.78 ()
H,0 (ignition)..... 0.59 0.97 1.0
0.07 not determined 0.54
Total.ww| 10107 10099

Cl and 8O3 are wanting.

I. Light colored pulaskite from Fourche Mountain. Analysis by
R. N. Brackett and J. P. Smith.

II. Bame, slightly weathered. Partial analysis by R. N. Brackett
and J. P. Smith. )

III. Laurvikite, light gray, from Byskoven, Laurvik Norway.
Mean of analyses by Stahl and Mannsfeld.}

@ FeO in analysis 111 includes some MnO.
t Analysis III is a mean of avalyses by Stahl, Mannsfeld, and a potassium deter~
mined by Cahn. The separate analyses of the alkalies were as follows :—

K20. Naz0.
Btabl....oveunr 4.80 6.46

. Mannsfeld....... 4.60 ’ 5.78 (number used).
Cahn...ccceveeneee 405 L
Mean......... m(number used) E

1A Merian, Studien an gesteinsbildenen Pyroxenen, N, Jahrb. f. Mineral., Beilageban&
1I1., 1884, p. 266,
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The occurrence of the pulaskite in a wide dike-like mass
when taken in connection with its trachytic, semi-porphyritic
structure places it among the intrusive dikes and not with
the truly abyssal rocks. In this respect this rock differs not
only from the laurvikite but from the augite and eleolite syenites
as well.

Segregation veins.—These occur in the pulaskite and have
already been mentioned on page 20. They consist principally of
large tabular feldspar crystals which often attain a length of more
than 25 mm. These are thin, tabular, parallel to the clinopinacoid
(010), and are frequently twinned according to the Carlsbad law.
The faces which have been observed are as follows: coPdo
(010); coP 3 (180) ; o P (110); OP (001) ; +P (101) and +P
(111). The crystals are white and opaque and are often much
etched on the surface.

Aigirite appears in black prisms often 10 to 12 mm in
lIength. The feldspars are generally so arranged as to leave
large interstitial spaces, which are occasionally filled with de-
composed masses of limonite and are not uncommonly stained
black by manganese.

In one specimen given the writer by Dr. W. P. Jenay of the
U. 8. Geological Survey, the crystals of feldspar were coated with
an incrustation of hyalite. This mineral appears in the form of a
thin coating of amorphous substance which in many places forms.
minute globules seldom exceeding 0.5 mm in diameter. Under
the microscope these globules appear isotropic and seldom, if
ever, show a tendency toward optic activity. The byalite gives
an opalescent appearance to the surface of the feldspar and when
colored with limonite or manganese oxides, as it often is, it
imparts a dark vitreous lustre to the surface upon which it.
occurs.

That these veins are segregations and not pegmatitic
intrusions, 18 shown by the fact that they are often very limited
in extent and are eatirely surrounded by the blue granite
(pulaskite).

B.  @ray Granite (Eleolite Syenite).
That rock which forms the large flat masses, described as
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occurring at the base and for a short distance up the sides of the
hills is knewn by the name “gray granite.” It has as yet been
quarried to but a small extent, and has been used principally in
trimmings for buildings. Qwing to its lighter color and inferior
strength, it has not become as popular a building stone as the
blue granite (pulaskite). The Braddock quarry (see plate 10) has
lately been opened near the turnpike on the northwest side of
Allis Mountain, and some fresher, better stone, than that found
elsewhere has been taken out. The opening is as yet only six or
seven feet (1.8 to 2.1 m) deep, and, if on going deeper the stone
is found to continue to improve, it will certainly form a very
beautiful and durable building stone. It often shows a decidedly
gueissic structure and in many cases may be quarried in large flat
slabs several square yards (meters) in area in much the same way
that a free splitting gneiss or mica-schist is worked. This
structure facilitates the working of the rock in a great degree and
makes the stone a comparatively cheap building and paving
material. '

a. Physical Properties.

Structure.—The gray rock is eaeily distinguished from the
blue rock, not only by its color, but by its very different texture.
While the blue rock is semi-porphyritic in its structure, this
rock is completely granular and has a trachytic structure.

This structure may be seen. by an inspection of plate 1
(frontispiece), where an exact reproduction of a polished surface
of this rock* is shown.

In most cases the rock consists of large individual crystals,
but it also frequently occurs asafine-grained rock, still preserving,
however, the same characteristic granular structure. The feld-
spar and mica are both conspicuous in this rock and the eleolite
also forms a prominent feature. The feldspar is dull and cleaves
easily in two directions, so that the appearance of a broken piece
of the rock is very rough.

As has been stated, this rock usually forms hugh flat
surfaces (see plate 7, p. 29), which seldom show cracks in any
direction so that it would be possible to abtain blocks of almost

¢ The specimen showan is the fresh rock {rom Braddock's quarry.
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any size from some of them. On weathering it simply crumbles
away on the sarface but does not break up into blocks as does
‘the blue rock.

Color.—The color of this rock is a light gray, possessing in
some specimens a reddish and in others a yellowish hue. This
light color is very characteristic, and wherever it appears it is
an indication that this eleolite (nepheline) syenite is present.
Where the rock becomes finer grained, the color becomes darker
and gradually shades into a brown ; a transition which is due to
the numerous small flakes of mica which often cover up much
of the feldspar. When the fresher material from the bottom of
the Braddock qumarry was examined it was found to show
a slightly bluish color, especially in the center of the feld-
spar crystals. These crystals show that the usual, extremely
white color of the feldspars is due to weathering.

Strength.— A cube of this rock was tested in the same way
s the blue rock and gave the following result :—

Pressure* per square inch under which cube

crumbled.......cooeeiiiiiiiiiiiiiiiiiiiiiinnn, 14,000 lbs
Corresponding pressure in two inch cube cal-
culated by cubic parabola formula...... .. 16,000 *¢

It appears from this that, although the strength is much
inferior to that of the blue rock, it is still fully as strong as
many true granites and is quite strong enough for all building
purposes. T The rock is much softer than the blue rock and
it is worked much more easily.

Absorption.—This was determined in the same way that it
was for the various kinds of blue gramte (pulaskite); it gave
the followiang result after tweanty-four hours immersion :(—

Ratio of absorption=1 : 145.
This specimen which weighed 11.5 gr was allowed to dry in the
air for tweoty-four hours and was found to have given up
fifteen-sixteenths of its absorbed water at the end of that time.

* This test, like those on the blue rock, was made upon a cube less than two ioches on
‘an edge. The figures obtained from the tests before reduction are as follows :—
Area over which pressure was distributed.......cccce uuuee 2 #q. in.
Actual pressure under which cube tested crumbled... 28,000 1bs.
t At the time that these tests were made the fresher rock meationed above had no
“been quarried.
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Specific gravity.—In combination with the absorption test,
a determination of the specific gravity of this rock was made
and gave the following result : —

Specific gravity =2.557

Weight per cubic foot.—The weight per cubic foot was found
from the above to be 159.8 pounds.

Effect of heat.—When heated in the same way as the blue
granite (pulaskite) it showed slightly more deterioration than.
the latter at the same temperatures.

b. Crystallographie, Microscopic and Chemical Investigation.

Structure.—Under the microscope the trachytic character of
the eleolite syenite (gray granite) appears very distinctly and,
the structure is completely hypidiomorphic granular. This
rock often shows a miarolitic structure in which the small
cavities are bounded by feldspar and mica and contain zeolites..

Feldspar as in the preceeding rock is by far the most.
important constituent. It appears in crystals which are tabular
parallel to the branchypinacoid (010) and often reach a large size.
Individuals not less than 76 mm occasionally occur but in
general they do not exceed 15 to 26 mm in their greatest
diameter. :

. These crystals are usually opaque, with a dull white, or
slightly pinkish or yellowish color. There is a slight reflection
of light from the basal cleavage-plane, but in general all the faces.
present a dull appearance. Twins according to the Carlsbad
law, are very common—in fact single crystals are much rarer
than twins. Two other cleavage-planes, besides that parallel to
the base (001), have been observed. Qae of them is parallel to.
the brachypinacoid (010), while the other appears to be parallel
to the macrodome 8P (80I). The crystals break easily into
small parallepipedons, whose faces correspond to the cleavage-
planes just mentioned. The angles of these cleavage-pieces were.
kindly measured by Prof. J. F. Kemp of Cornell University.

Kemp found the reflections poor, but obtained as a mean of
several readings the following angles :—

010: 001 (M : P)...... 89° 82’
001 : 80I..ccceeunrnnnnnn, 71 26
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This indicates the triclinic form of the mineral and at the-
same time shows a cleavage similar to that found in orthoclase"
and sanidine and described for those minerals by Cross, Levy,.
Graeff, von Jeremejew, Brogger * and others.

The angle of 70° 26’ approaches somewhat nearer to the
angle of the macrodome +9Px (90I) than it does to that of
-+8Ps (80I), but this may be due to the poor reflections on the-
macrodome.

Under the microscope this mineral usually appears quite-
opaque and even in very thin sections it is only semi-translucent.
It shows very distinct cleavage-cracks in directions parallel to
the hase (001) and brachypinacoid (010), aod very much less:
perfect ones in the direction parallel to the above mentioned
macrodome (80T).

In polarized light the crystals show an extinction which,
although by no means sharp, is evidently not parallel to the
M : Pedgein plates parallel to 0P (001). An angle of +9° was.
mehsured on a cleavage-plate which was thin enough on the
edge to show a comparatively sharp extinction.

In very few cases do the crystals appear to be single in-
dividuals. In the first place they are almost always twinned.
according to the Carlsbad law, and in the second place they are
completely filled with twinning lamelle, giving them a very
perfect microperthitic structure.  These lamell® do not run
completely through the crystal, as in the case of plagioclase, but.
appear as wedged-shaped bands which narrow to a point before
passing more than half way through the crystal.

It is evident from the appearance of the crystals that decom-

“position has taken place in a very marked degree. In many
cases the rock as a whole has become very much kaolinized and
finally breaks down to a true kaolin as will appear later. 1t is
evident that the decomposition of the rock is due in a great
measure to the weathering of the feldspar and eleolite.

An analysis of a portion of one of these feldspar crystals was.

¢ For the references to the works of these authors see Brigger's Syenitpegmatitginge,.
p. 586.
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made by the SBurvey, W. A. Noyes, analyst, with the following
‘results :—

Analysis of microcline-microperthite.

B0, eieiinnnnnnnincniiicssrnnniennenes 66.39
-\ X 0 IR, ceesenecanns 18.13
b X 0 RPN 1.44
[ 0f: 10 R veerennensenees 0.16
MgO...ccccvrvrnernens Cesssssssenesasens 0.06
2 0 O esrresesseones 8.51
NAO.cooeeees vorvernesinneeenennseresens 5.36
Ignition.. .cceeeeeninieninns connenee 0.42

Total.uuvrsensrrrsrs voreeens 100,47

From its chemical composition, crystallographic form and
‘microscopic structure this feldspar is evidently closely allied
to the microcline-microperthite of Brogger (Syenitpegmatit-
gidnge, p. 556). Its chemical composition shows a remarkable:
similarity with the kryptoperthite described on page 59. The
-almost complete absence of lime shows that no admixture of a
soda-lime feldspar is possible and indicates that the soda must
-all be present in the form of albite.

Eleolite becomes in the gray granite one of the essential
minerals and in many cases forms as much as a fourth of the
whole mass of the rock. The crystals appear to be always
‘bounded by the feldspars and therefore never show idiomorphic
forms. They are of a brownish yellow, or lemon yellow color
-and present on broken surfaces the characteristic greasy lustre,
which gave the mineral its name. In some cases the eleolite
including its decomposition product analcite, occupies spaces not
less than 10 mm in length. It often takes the form of a thin,
‘flat plate and lies along the side of a feldspar crystal, occupying
the space between it and some other crystal or group of crystals.

Under the microscope the eleolite shows its usual character-
istics. Its allotriomorphic form is everywhere observed and the
peculiar triangular and polygonal sections are very characteristic.
Xrregular cleavage-planes are observable, Itsdouble refraction is,
-in general, somewhat stronger than it was in the case of the pre-
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ceding rock. In convergent polarized light a wide, black cross
appears in sections which are cut nearly at right angles with the
principal axis. By means of a quarter-undulation mica plate
the character of the double refraction was determined to be
negative. The eleolite has in many cases been completely

altered to analcite, but as this mineral, like the former, is clear-
and transparent the spaces occupied by them together are easily

distinguished from the white, nearly opaque feldspars.

The eleolite is comparatively free from inclusions of al}
kinds but egirite and some of the other basic silicates appear in
it in small quantities. Gas and liquid inclusions are seldom
observed. Uualtered eleolite is comparatively rare and appears
only as a central kernel surrounded by analcite.

Quartz and plagioclase are entirely wanting.

Under the head of basic silicates biotite and augite are the
only ones present in any quantity, while amphibole is almost.
or completely wanting.

Biotite is much the more common of the two silicates
mentioned and often occurs in large crystals. These fre-
quently attain a diameter of 20 to 25 mm and are often as.
much as 3 mm in thickness. They form six-sided plates or
prisms and are of a deep brown or black color. Their cleavage
is very perfect but in some cases where decomposition has begun
they have lost their elasticity and at the same time have become
brittle. Under the microscope they show the usual characteristics.
of biotite. The optic axis angle is about 3° and the optic axes
lie in the symmetry plane, showing that the mica is a true
meroxene and not an anomite. Inclusionsare rare.

Pyrozxenic minerals.—Under this head are included two.
forms of pyroxene, namely, diopside, frequently with a diallage-
like structure, and sgirite. The diopside is in size, color,
pleochroism and in fact in most essential respects identical
with that found in the pulaskite (p. 63) but differs slightly
from it in that it has a darker and wider, green sgiritic
border. The extinction angle was found in one crystal to be 6>
for the outside and 44° for the inside. Zgirite also oeccurs
independently in large crystals some of which are as much as 8
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mm long and 2 mm in the direction of their ortho-axes. These
crystals are of a brilliant lustre and a greenish black color and
are bounded by the prisms (110) and the orthopinacoid (100).
The ends appear rough and show no truncations. The angle of
-extinction was determined in a section cut parallel to the clino-
pinacoid (010) and was found to be 4°30’, The pleochroism is
not very marked but varies between different shades of bluish
green. Thé absorption is greatest parallel to the vertical axis.
«a>b>¢ (a lies nearly parallel to ¢).* The distribution of color
is not uniform throughout the crystal being more intense in
some parts than in others.

Of the minerals just described the biotite is evidently the
oldest, for it often appears completely surrounded by the mgirite
and in some cases by the diopside.

Amphibole is entirely wanting in such sections of this rock
-as have been examined.

Titanite occurs in large idiomorphic crystals which in some
«cases attain a diameter of 2 mm. It exhibits the usual macro-
scopic and microscopic characteristics.

Magnetite occurs in small crystals which often have the form
-of slender rods whose length is several times their breadth.

Apatite occurs in small prisms slightly stouter than usual,
but it is much less common than in the pulaskite. It isincluded
in the feldspar and eleolite (or its decomposition products) and is
-easily recognized by its parallel extinction, negative double
refraction and relatively high index of refraction.

Fluorite appears in a few sectione ; it is of a purple color and
perfectly isotropic.

Analcite has already been mentioned under the head of
«eleolite as being one of the more important decomposition
products found in this rock. It occurs in large, clear, colorless
or slightly yellowish masses which seldom show any crystal form.
Ia a few cases however the form of the cube (100) and the
icositetrahedron (211)have been clearly distinguished and their
angles measured. The cleavage parallel to the faces of the cube
is generally visible.

o H. Rosenbuech, Mikrosk. Physiographie. Band I., p. 454, note.
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In thin sections the crystals appear as colorless, transparent
individuals included between the opaque feldspars. In most cases
these clear portions are bounded by straight lines, but instances
are not few in number in which the analcite has been formed at
the expense of the feldspar material, and in such cases the
boundary between the two minerals is very irregular. The
analcite appears to have eaten into the feldspar wherever it
<could get a chance, and many feldspars may be found whose
‘centers have become almost entirely changed into analcite, while
others have been eaten away on one side, the rest remaining
intact. Small pieces of analcite have been detached and tested
in various ways. They gelatinize easily with hydrochloric acid,
and show cubes of salt under the microscope when the solution is
evaporated to dryness. When heated in a closed tube a quantity
of water is given off. Tests for chlorine and sulphuric acid
gave negative results, so that it is evident that sodalite and
baiiyne or nosean are not present.

In parallel polarized light the analcite is either perfectly
isotropic or shows only very weak double refraction. By
means of a selenite plate this double refraction is shown to be
irregularly distributed throughout the section, and the appear-
ance is exactly that which is usually found in analcite crystals
cut at random.

A section cut parallel to a face of the cube (100) showed
the presence of four sectors; one pair of diametrically opposite
sectors when examined under the microscope with a selenite
plate appeared yellow, while the other pair appeared blue.

Small needles of @girite of a second generation often occur
scattered through the analcites. The primary apatites of the
rock are also usually quite plentiful as inclusions, but with these
two exceptions the mineral ip question is quite free from interpo-
sitions of foreign material.

In a few cases a second decomposition has taken place, and
radiate needles are found inside of the analcite crystals. These
appear, from their parallel extinction, negative charaocter,
strength of their double refraction and their association with
analcite to be cancrinite. They are extremely minute, being at
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the most not over one tenth of a millimeter in length and
not exceeding two hundredths of a millimeter in thickness.

Thomsonite has been observed in direct association with the
analcite as a decomposition product of the nepheline and feldspar.
It occurs in well bounded crystals when it extends in cavities in
the rock, but it is usually found without crystallographic termina-
tione. It differs from analcite in showing a cleavage in only two
directions at right angles' to each other, instead of in three, and
in being decidedly anisotropic. The plane of the optic axes was
found in one of the well terminated crystals to lie parallel to the
base (001). The cleavage parallel to the pinacoids (100 and
010) was good and the surface showed a mother-of-pearl lustre.
A microchemic test showed the presence of lime and soda.
The mineral was decomposed by hydrochloric acid, with the
separation of gelatinous silica.

Secondary cgirite occurs in small prisms as mentioned
under analcite. They are often grouped into radiate masses and
lose their individual forms, but when they occur as single, iso-
lated crystals they are very perfect and show the forms coP
(110) and coP (100) very sharply defined. The cleavage
parallel to coP (110) is very distinct. The extinction appears to be
nearly parallel to the vertical axis and the small angle of
extinction is difficult of measurement in such minute crystals.®

Calcite and kaolin are found in cases where the decomposi-
tion has gone very far. It is to the kaolinization of the feld-
spathic minerals in this rock that the large beds of kaolin found
south of Fourche Mountain are due.

¥rom a chemical standpoint the eleolite syenite (gray
granite) is considerably more acid than would be expected, when
the facts that eleolite is present in large quantities and that the
rock contains no quartz,are taken into consideration. Itcontains
eight per cent more silica than Brogger’s laurdalite (Syenit-
pegmatitginge, p. 38), which it resembles in so many other re-
spects. The total amount of alkalies present is about the same as
in the Norwegian rock, but they are not similarly divided, the

* Compare K. F. Graeff, N. Jahrb. f. Mineral. Jahrgang 1887., Band. IL, p. 254,
1 8ee Vol. I. of the Annual Report of Geological S8urvey of Arkansas for 1889,
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sodium not being so much in excess in this rock, as in that from
Norway. ‘

Although the analyses of these two rocks do not show any
striking similarity they are set side by side for comparison, aod
with these are placed several analyses of eleolite syenite from
other localities.

Analyses of eleolite syenite.

L | IL l m. | v ' v. | v l VIL
CONSTITUENTS,

Arkansas | Norway Portngnlll’onugul (l:.]}':;ﬂl Brazil | Arkansas

8102. ccererssessssesessns sronne 59.70 51.90 54.61 54.20 56.76 56.30 60.03

TiO2 0.09 1.04

250 | 22007 | 2174 | 2061 | 2404 | 2078

408 | 238 048 1.65 199 | 401

815 | 250 | 236 | 400 | 075

a1 251 1.95 226 | 0.9 2.62

197 | oss | os2 074 ' o013 0.80

0.11 |acoveemrrinai] conevenensncen {race

412 | 546 | 697 | B84 679 | 5.8

8.18 768 | 869 | 694 | 998 5.9

RT3 (R B I 0.07

0.22 18 | 282 8.49 1.58 0.59

99.82 | 99.31 | 100.88 | 101.88 | 100.50 | 101,07

I. Eleolite syenite (gray granite) from Fourche Mountain, Ar-
kansas, by W. A. Noyes.

II. Laurdalite (eleolite syenite) from Lund, Norway, by G.
Forsberg. (Brogger, Syenitpegmatitginge, p. 33.)

III. Eleolite syenite from Caldas de Monchique, Portugal, by 1.
Kaleszinsky, (A Merian, “Studien an gesteinsbildenden Pyroxenen’ N.
Jahrb. f. Mineral., Beilageband III., 1884, p. 271.)

IV. Foyaite (eleolite syenite) from Serra de Monchique (Cerro da
Posada), Portugal, by P. Jannasch. (N.Jahrb. f. Mineral., Jahrgang
1884., Band II., p. 11, also Gesammelte chemische Forschungen von P.
Jannasch, Band I., Gottingen, 1888, p. 181.)

V. Eleolite syenite from 8. Vicente, Cape Verd Islands by C.
Dilter. (“‘Die Vulkane der Capverden und ihre Producte.” Graz, 1882,
Cited from Merian, loc. cit.)

VI. Nephelinsyenit (eleolite syenite) from railway tunnel be-
tween Prata and Cascada, 8&o Paulo, Brazil, by J. Machado. ‘*‘Beitrag
zur Petrographie der sudwest. Grenze sw. Minas-Gerats und S. Paulo.’>

(Min. petrog. Mitth. Band IX., 1888, p. 834.)
6 Geological; Vol. ii., 1690,
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VII. Pulaskite (bluegranite) from Fourche Mountain, Arkausas,
by R. N. Brackett.

From the foregoing description it is evident that the gray
granite is a true eleolite syenite. It differs somewhat from the
majority of eleolite syenites which have been described from
other localities and appears, as far as its mineral and chemical
composition is concerned, to hold an intermediate position
between Broggers laurdalite and laurvikite, but in its structure
it is much more like the former.

Special attention is called to the great similarity in chemical
<composition between the pulaskite (vIr.) and the eleolite syenite
(1) from Fourche Mountain, but the discussion of the signifi-
cance of this remarkable resemblance must be deferred until the
genetic relations of the rocks of this region are considered.
(Bee chap. IV. v.)

In connection with these analyses of comparatively fresh
material the following analyses are of interest as showing the
composition of the kaolin mentioned above which was derived
principally from this material. The following partial analyses
were made by the chemist of the Survey and show very clearly
the gradual decrease in silica and increase ip water as the
decomposition proceeded.

Analyses of decomposition products of Fourche Mountain syenite.

1. II. IIL
OONSTITUENTS.
Digampased | Dgcomposed | gacta.
8i02 58.50 50 65 46.27
TiO2 0.06 essessssecesss
Al205 26.71 26.71 88.57
F0203..00mmmmcsees sereee 8.74 4.87 1.36
Ca0 . 0.44 0.62 0.34
MgO. Trace 0.21 0.25
K20 1.96 191 0.23
Na0 1.37 0.62 0.87
H,0 5.85 8.68 18.61
Total 97.57 94.38 101.00
H,0 at 110° Oentigrade.....ccecceernen 1.57
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I. Decomposed syenite from railway out 2 miles north of Sweet
Home.

II. Decomposed syenite from railway cut 2 miles north of Sweet
Home (another specimen).

III. Kaolin from 1 8., 12 W., section 9.

Another product formed by the breaking dewn of this or
‘more probably of the pulaskite (blue granite) has been described
as occuring at two points about the mountain (pp. 23 and 26).
In both of these exposures the material has been consolidated into
a comparatively hard rock and the particles are cemented
together by secondary silica of both cryptocrystalline and
chalcedonic varieties.

Under the microscope the fragments of orthoclase in this
rock show very decidedly their detrital origin. In some cases
they are comparatively fresh, while in most specimens they are
very much decomposed. They often show only a cast of their
original form consisting of iron oxide, secondary muscovite
and kaolin.

In some cases irregular fragments of siliceous shale have
been observed lying among the fragments of feldspar but they
are as a rule quite scarce.

A partial analysis of the less siliceous variety of this rock,
which occars as described on page 23, was made by the chemist
of the Burvey, with the following results :—

Analysis of detrital material.
BLO; ceeenseerirserumissenssmecssasacssns 65.84
N o YO 22.82
Fe,04...ccicieniinvnnnninnicsncesonne 2.70
Ignition....eiieireetiiiiiniiinnnen 2.98

By diff. (CaO alkalies, etc.)... 5.71

It is probable that the variety described on page 26 would
give a much larger percentage of silica.

C. Syenitic Dike Rocks.
1, Brown Granite. (Eleolite Syenite Dike Rock).

Under the head of ‘brown granite are included two of the
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syenitic dikes which are found southeast of Fourche Mountain
(p. 26). They form narrow bands not often exceeding 6 m
(20 feet) in width and are so weathered that nothing but a line
of boulders remains to show where the dike once was. Although
occurring only in boulders this rock has been used to some
extent as a building stone. The basement wall of the Pulaski
county court house and a large portion of the Roman Catholic
cathedral in Little Rock are built of it. It presents a very
pleasing contrast to the blue granite (pulaskite) which is used in
the superstructure of the court house. In the case of the
cathedral, where it has been used indiscriminately in the wall
with the blue rock of both coarse and fine grain, the effect is not
nearly so good. o

Another rock which belongs to this group, is that which
forms the bosses and boulders between Fourche Mountain proper
and the ridge next south of it (p. 20). It is of a lighter more
decidedly gray color than most of the brown granite but still has.
the structure and general characteristics of the dike rock.

a. Physical Properties.

Structure and color.—This rock is of a grayish brown color
and presents a somewhat porphyritic appearance.* The most
eonspicuous crystals are comparatively large [15-30 mm] feld-
spars, which are tabular parallel to the symmetry-plane, and
which give a trachytic appearance to the rock. These
crystals often have a bluish center consisting of a fresh glassy
material, while the outside is reddish brown and dull. This
imparts a mottled appearance to the rock when seen near by, but
which is lost when the rock is viewed at some distance. This
alteration in color from the center of the crystals to the outside
is probably due to the action of weathering, for in some cases the
rock is so fresh that these variations do not appear.

Strength.—8ince this rock has been used as a building stone,

* The lithograph, plate 1 (frontispiece) shows the appearance of a polished surface of
this rock.
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a block of it was tested in the same way that the blue and gray
varieties were, and with the following results :—
Pressure * per square inch under which cube
crumbled ....coovveiiniiniiiiniinnniiens vennenees 21,000 1bs,
Corresponding pressure per square inch in 2
inch cubes, calculated by cubic parabola
formula..cccoeirininneinninnnniiriiennccenneness 25,000 ¢
The specimen upon which this test was made was not
perfectly fresh and was badly jarred in its preparation, so that
in all probability a fresh specimen of this rock would stand even
more pressure to the square inch than the one used.

The other physical properties determined are as follows :—

Abs(;rptlveness ..................... 1:161
Bpegific gravity....c.cceeereeennee. - 2.521
‘Weight per cubic foot........... 167.6 1bs.
‘Weight per cubic meter........2624.47 kilos

b. Orystallographic, Microscopic and Chemical Investigation.

Structure.—The structure of the eleolite syenite dike rock
is hypidiomorphic granular. = The orthoclase is the most
important constituent and generally forms large tabular crystals
which are allotriomorphically bounded when they come in con-
tact with the basic silicates or with each other, but are idiomor-
phio where they come in contact with eleolite or its decomposi-
¢ion prodnct, analcite. These tabular feldspars give a
trachytic t appearance to the rock.

From its occurrence in dikes it is evident that this rock
belongs to the group of intrusive rocks. Its structure is such

* Ason p. 78 the actual results of the tests before reduction are rep d by the
Collowing figures :—
Area over which pressure was distributed 1,428 8q. inches
Preasure under which the cube crumbled......cce.eeevemsereneeressccs 81,000 1bs.

t Brigger (Syenitpegmatitginge. p. 89) suggests that the name foyaits be applied to such
rocks baving a trachytic structure, and at the same time he states that suoh rock has nothing in
common with the rock now bearing that name,

The writer is unwilling to adopt Brigger’s name as it seems to lead to eonfusion by
&aving one name for two difterent rocks of the same group. If a nams for such rocks haviog &
trachytic structure is required, some new name should be chosem which bas no
<wstablished meaning. In this report and until some such mame is suggested the writer bas
<hosen to use the expression eleolite syenite dibe rock, as expressing the eoarse grained hypi-

fomorpbioc granular structure of the rock and its occurrence as an intrusive dike.
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that it falls into the class of granitic eleolite dike rocks, and
forms an additional example of this rare rock.*

Orthoclase as has already been stated occurs in crystals
which are tabular parallel to the clinopinacoid (010) and consist
of a bluish, transparent center, surrounded by a pinkish or
brownish, opaque, outer coating. The larger crystals are often
15 to 30 mm in their greatest diameter but not more than 3 or
4 mm in thickness. They are bounded by the faces coPco (010),
oo P (110), 0P (001), and +-2Px (20I). Under the microscope
the difference between the transparent center and the opaque
outside is very marked. The two portions are not separated
from each other by a sharp line but penetrate one into the
other and shade gradually into each other. In the case of
many of the smaller crystals the whole section has become
opaque. The cleavage-cracks parallel to the base (001) and
clinopinacoid (010) are very distinct in such opaque crystals, and
appear as white lines in a gray ground. The cracks parallel
to the base are sharp and straight, while those parallel to the
vertical axis more often appear as if they were simply lighter
bands, still very narrow, but not showing the same sharp edge
that those parallel to the base (001) exhibit. Twins according
to the Carlsbad law are not uncommon, but twinning lamelle
showing the interposition of trielinic feldspar have not been
observed. Inclusions of apatite, magnetite and basic silicates
have been observed and in some cases the latter are seen to have
been altered to serpentine.

Biotite appears in considerable quantity,and is in every
respect similar to that found in the eleolite syenite (p. 77).

Pyrozene appears to consist principally of diopside, which is.
here almost identical with that described in the pulaskite (p.
61). The green edge or border is, however, in this case wider and
more prominent than in the mineral already described. The
border shows a small extinction angle, which indicates its giritio
character. The inclusions are similar to those of the already
described mineral. In several cases this mineral has been found
broken in two and the crack filled with intruded eleolitic

* See Mikros. Physiog., Rosenbusch, Band II., p. 277,
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material. The break shows that there was a not inconsiderable
dynamic force brought to bear upon the rock after the basic:
silicates were formed and before the final solidification took
‘place. .
Amphibole is entirely wanting in the sections which have
been examined. '

The biotite and pyroxene are grouped together in much the
same way as they are in the pulaskite. The biotite is always
the older and is often included by the pyroxene.

Eleolite holds a similar position to the other minerals that it
did in the pulaskite, but it is here much more important. It
is in almost all cases altered to analcite. '

Apatite, titanite and magnetite are all present in large
idiomorphic crystals, but show no peculiarities worthy of
description.

Alteration products.—The eleolite has in a great part been
altered to analcite, as is the case in the pulaskite, but as its
optic anomalies and other microscopic characteristics are
virtually identical with those there enumerated the description
need not be repeated.

Serpentine indicates the beginning of decomposition in the
basic silicates of some of the less fresh specimens of the rock.
In many cases the dark silicates are surrounded by a narrow
band of serpentine. In the orthoclase crystals small spots of'
serpentine are occasionally found, which indicate that some
small included basic silicates have been entirely converted into
this substance.

Cancrinite has been observed here and there in very minute
grains*,

Calcite has in one or two cases been observed in association -
with eleolite or analcite and it evidently marks the last stage of
the alteration of that mineral.

Chemical constitution.—This brown dike rock is in some
respects related to both of the already described varieties of
syenite, In its general appearance it resembles the pulaskite more-
than it does the eleolite syenite, but in the microscopic investi-

* For a description of this mineral see chapter VII, 11 B. 1.



88 ANNUAL BEPORT STATE GEOLOGIST.

gations it is seen to have more the structure and characteristics of
the latter. The analyses of the pulaskite and eleolite syenite
are so similar that no distinctive points can be found.

An analysis of this dike rock made by the Burvey,
W. A. Noyes, analyst, gives the following figures (analysis
1) which are placed side by side with those of the blue
and gray rocks for the convenience of comparison. Analysis 1
is a determination of the silicain the grayish variety of dike rock
(pp- 20 and 84) by R. N. Brackett. It shows that the silica is in
this case about one per cent higher than in the reddish brown
variety of the dike rock. After a careful search no quartz was
found in this grayish variety of the dike rock, bat the eleolite was
seen to be larger and more important than is common in the
brown variety. This would suggest a lower percentage of silica
instead of a higher one, as found.

Table showing composition of syenites of Fourche Mountain.

L IL I Iv.
CONSTITUENTS.
D ooy D‘(“g;.;"_’)"“- ,";‘::}}'g Pulaskite,
59.23 61.10 59.70 60.08
19.98 18.85 20.76
w2 4.85 401
............. ) 0.75
2.4 1.34 2.62
1.10 0.68 0.80
5.76 5.97 5.48
5.47 629 5.96
0.07
188 || 188 0.59
100.05 9956 | 10107

I. Eleolite syenite dike rock (brown granite), S. E. of Fourche
Mountain region N. E. of section 35. Reddish brown variety. Anal.
by W. A. Noyes.

II. S8ame. South of Fourche Mountain proper. Online between
sections 18 and 19, and one quarter mile east of township line. Silica
by R. N. Brackett.
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IIT. Eleolite syenite (gray granite). 8. W. } of section 286.

Anal. by W. A. Noyes.

IV. Pulaskite (blue granite.) Inside of Fourche Cove. 8. W. }
-of section 13. Anal. by Brackett and Smith.

From its geologic position and physiographic relations
it appears as if this brown rock were simply forced into narrow
-cracks in the Paleozoic shales, while the eleolite syenite formed
a much larger mass of similar material, which cooled slower and
under pressure. Its occurrence as dikes would place it among
the older intruded rocks, while its structural features suggest that
‘it might belong to the eleolite syenite proper.

In its microscopic appearance this rock is almost identical
with Brogger’s nordmarkite (Byenitpegmatitgiinge, p. 54.) The
latter is a quartz syenite, while the brown rock from Arkansas
shows no quartz whatever. The chemical composition of the
two rocks is, however, quite similar as is shown by a com-
parison of the analyses.

Comparison of analyses of syenite from Arkansas and Norway.

I. 1L II1.
OONSTITUENTS. Dike rock | Dike rock | Nordmark-
(brown) (gray) ite.
Ark. Ark. Norway.
8io 59.28 61.10 60.45
AlOy. oo sreennnsssesasusnnssnass sasesnes pLX . S (N 20.14
Fe,0, 4.72 8.80
CaO0. 2.41 1,68
MgO 1.10 1.27
K,0 5.76 5.12
NagO.ceoiiieer crcerrmurenacs secnses sosees BT |eeeecnnerennenne 7.28
H,O (ignition)........cccrervceerrssnsses 1838 |icvereerrecnesinn 0.71
Total X I F— 10040

I. Eleolite syenite dike rock (brown) Fourche Mountain, Ar-
%kansas. Anal. by W. A. Noyes.
II. Eleolite syenite dike rock (gray) Fourche Mountain, Arkan-
sgas, Silica by R. N. Brackett.

ITII. Nordmarkite (quartz syenite). Principal rock, betaveen
Loken and Auersd, Norway. Anal. by G. Forsberg (Syenitpegmatit-

:ginge, p. 67).



90 ANNUAL REPORT STATE GEOLOGIST.

The similarity in tbe macroscopic appearance of these two.
rocks was first noticed by Professor Rosenbusch, of Heidelberg,
who called the writer’s attention to it, and through the kindness.
of Dr. George H. Williams of Johns Hopkins University, Balti-
more, the writer was enabled to compare specimens of the two.
rocks.

‘When microscopically examined these two rocks are not as
similar as their macroscopic appearance and chemical composi-
tions would suggest. Nordmarkite contains a large amount of"
microperthitic orthoclase, considerable quartz and comparatively
few basic silicates. I’yroxenes of the diopside series form the-
greater part of the basic silicates, but segirite is also very common,
and hornblende of the arfvedsonite series is seldom if everabsent.
Biotite is often present in large quantities.

It appears, therefore, from the above description that the
Arkansas “brown granite” differs very materially from the-
Norwegian nordmarkite not only in the absence of quartz and
the presence of eleolite but also in the relative quantities and the-
. characters of the basio silicates present.

The similarity of this rock in its structure, mineralogio-
components and mode of occurrence, to Briogger's foyaite-
(8yenitpegmatitginge p. 89) has already been noted (p. 85) and
commented upon.

2. Miarolitic Dikes.
a. Miarolitic Eleolite Syenite Dikes.

Under the bhead of miarolitic eleolite syenite are classed
those coarsely crystalline dikes, which bhave been deseribed as
occuring along the northeast ridge of Fourche Mountain and at.
the southeast corner of the mountain, as well as those which
penetrate the fourchite and shales at the south end of Allis
Mountain near its summit. They usually occur as very much
weathered boulders and in narrow, vein-like masses cutting
through other rocks.

Macroscopic structure.—Where the igneous rock has come-
‘through other igneous rock, as on the top of Fourche Mountain,
it is much coarser grained than where it has formed narrow-
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dikes in the Paleozoic rock. In both cases, however, the rock.
appears to he completely coarse-crystalline with no tendency
whatever towards a porphyritic structure. The structure of-
both the coarse- and fine-grained dikes may be designated as.
panidiomorphic granular and may usually be further character-
ized as being in a high degree miarolitic.

Specific gravity and absorptiveness.—The specific gravity and:
absorptiveness of this rock as determined on both coarse and fine-

grained material gave the following figures :—
8p.Gr.  Absorptiveness
Coarse-grained rock............ 2.422 1:78
Fine-grained rock........ccceuee 2.316 1:21.5

Color.—The color of the rock varies greatly with its.
texture ; in the coarse-grained varieties the color is grayish
and often becomes nearly black, in consequence of dark stains.
of manganese on the surface. The fine-grained rock is, on the-
other hand, usually of a yellowish color, which is due for the
most part to a hydrous oxide of iron formed by the weathering
of the iron ores and basic silicates.

Feldspar crystals range from 10 to 20 mm in their greates t.
diameter and are tabular parallel to the clinopinacoid (010)-
They have usually been changed to a great extent into kaolin,.
but, in the coarser specimens, an unaltered center is often visible..
Carlsbad twins are very common and are the rule rather than
the exception. The feldspars show by their numerous micro-
scopic twinning lamellee that they are not simple orthoclase-
crystals, but a microperthitic intergrowth of orthoclase and
albite. In many cases albite appears to have formed from the.
decomposition of the orthoclase and to be present in somewhat
fresher crystals than the latter. Cases occur in which both the-
albite and pericline laws of twinning are in force at the same-
time.

Biotite occurs in thick, six-sided plates 6 mm or more-
across. They are bounded by the faces 0P (001), coPdo (010),
and —P (111).

Amphibole occurs in black lustrous prisms about 3 mm long-
and of one-fifth that width. Isolated crystals showed under the.
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microscope the faces coP (110), coPdo (010) and probably also
Pco (011) and OP (001). The yellowish and bluish green pleo-
-chroism and the extinction angle of approximately 20° indicate a
mineral of the arfvedsonite group.

Sphene and apatite occur in large idiomorphic crystals.

Eleolite occurs in the less weathered specimens in some-
what the same form in which it appeared in the eleolite syenite
‘(gray granite). It forms the filling between the feldspar crystals,
but instead of being entirely allotriomorphic as in the preceed-
ing cases, it here shows some tendency toward idiomorphism.
In cases where it is very plentiful, however, it gives to the rock
-a decidedly granitic structure. It is generally altered to analcite,
and in specimens from near the surface it is entirely wanting,
-having been altered into soluble compounds and dissolved out by
the surface waters. A

It seems probable that the coarse-grained dikes which cut
the pulaskite were formed by the pressing up of the still
fluid magma from the interior through a narrow crack in the
. already hardened but still hot pulaskite and that thus, to a
-certain extent, these igneous dikes resemble true pegmatite dikes.*
In this way the younger material was warmed from the sides
:and was allowed to cool slowly and to form the coarse grained,
completely crystalline dikes just described. In the case of the
narrow, panidiomorphic granular dikes in the Paleozoic shales,
the only explanation which appears tenable is that suggested by
Brogger (S8yenitpegmatitginge, p. 282) for the Norwegian syenite
pegmatite dikes in similar situations, namely ; that they were
forced from below into cracks in the already heated shales and
‘there cooled slowly, forming a comparatively coarse-grained,
aniform panidiomorphic dike.

* According to Briogger (8yenitpegmatitginge, p.215), the first author to advance this
theory for the formation of pegmatite dikes was Oharpentier, in the year 1823. In his  Essal
*sur la constitution géognostique des Pyrenees” the Jatter says, “the syemite pegmatite dikes
are fissure dikes which were formed immediately or very soon after the solidification of the
includiog granite.” (Translated from Brdgger, loc. cit., p. 215, who in turn cited from O. F.
Na umann, Lebhrbuch d. Geognosie, Band II.,1863, p. 282.) They were therefore, *‘injections of
-granitic material which, coming from the still liquid granite below, was pressed into the

r acks of the already solidified granite above,— this is true also of the later-formed masses of
e same granite formation,— within whose confines they appear’” (Naumann loc. cit., transla-
ted from the citation of Brigger, loc. cit.)
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b. Miarolitic Quartz Syenite Dikes. *

Before leaving the subject of the feldspathic dike rocks it is
necessary to describe two varieties of dikes which may well be
designated as quartz syenites. These occur in the form of dikes.
and independent masses at several points about the Fourche
Mountain region. Thus, for example, may be mentioned the-
large dike on the west side of Fourche Mountain proper (p. 29),.
which consists of this material, and the loose boulders and other
masses on the west bank of the Little Fourche Bayou (pp. 27-28),.
as well as the fine grained dike found in the quarry of the
Little Rock Granite Company (p. 20). From the arrangement.
of the minerale in this rock and the mode of occurrence of these
dikes the rock may be considered aplitic in its structure. These-
dikes may be divided into two classes which differ from each

.other principally in the size of the individual crystals and the.
form in which the quartz appears.

(1) Coarse-grained quartz syenite dikes.

The dike on the west side of Fourche Mountain proper may-
be taken as a type of this class.

Macroscopic and Microscopic Characteristics.—The coarse-
grained quartz syenite occurs, as already stated, principally in
the form of huge boulders and much weathered masses from
which it is almost imy.ossible to obtained fresh specimens. The
rock is gray or pink in color and characterized at once by the
macroscopically easily recognizable quartz grains. Under the-
microscope it consists of a granular combination of quartz, ortho-
clase, plagioclase and the remnants of some now indistinguish-
able basic silicate.

Quartz usually appears in allotriomorphic grains, which.
often show a tendency to idiomorphism by an indication of a
dihexahedral form on the larger grains.

¢ The term quarfz syenite is used in place of the name granis, in order to express
the fact that the rocks in question are genetically fated with the syenite group, and not
with true granites. In this connection Brigger remarks (Syenltpegmautéingo, p. 55, foot note ),
that be considers that the line between syenite and granite should be determined by the
amount of silica which the rock contains and not by the presence or absence of individualized
quarte, He places the critical amount of silica at 66 per cent.
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On one specimen, a left-handed quartz crystal not exceeding
2 mm in length, the following faces were determined : —
+ R 2(1011),-R 2(0111); +3R x(8031), +4R x(4041),

6

oo R x(1010), +Eiii I rx(5T61), 2:_%  rx(3141).

“This crystal extended into a miarolitic cavity and was of
secondary origin, as are most if not all of the idiomorphically
bounded crystals. The allotriomorphic crystals are partly
.primary and partly secondary in their origin.

Under the microscope the crystals extinguish sharply in
-parallel polarized light and both the double refraction and index
refraction are low. In sections which remain dark between
~crossed nicols during a complete revolution of the stage a black
cross without rings appears when the crystal is examined in con-
vergent light. This cross when tested with a mica plate shows
“the positive character of the double refraction. The quartz is
clear and colorless in ordinary light. Large fragments and
rounded crystals of orthoclase are sometimes included in it and
-besides these a great number of liquid inclusions occur. The
latter are often arranged in straight lines passing through the
-crystals in various directions. The inclusions are of two kinds,
large irregular ones, which sometimes reach a diameter of 0.1
-mm and small ones, which show a crystal form and seldom if
ever exceed 0.01 mm in length. Both classes of inclusions
‘usually contain stationary bubbles which are often more than
balf thesize of the cavity. Inaddition to these,inclusions of minute
‘black rods are quite frequent and they are usually arranged in
‘guch a way as to suggest that they are the remnants of some pre-
-existing mineral. Thus they are often found lying regularly in
lines parallel to each other as if representingthe cleavage-cracks
-of some decomposed crystal. These parallel rows of parallel
rods are generally terminated at such points as to indicate the
position of a bounding face of the crystal making an angle with
“the direction of the rods. This appearance is heightened by a
number of small rods, all still lying in the same direction, but

-close enough together to form a lateral band along the termiunal
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plane (Fig. 8). It is probable that these are the skeletons
-of some basic silicate or of an orthoclase
-crystal whose substance was gradually sub-
stituted by the secondary quai'tz. These
skeletons, if they may be so called, passthrough ‘
without interruption from one grain of quartz  rig.s. ?m, ains

. (% 20) shotw: usions
. dlac.
to another, but never into the feldspars 4, ! tmwm;m.

The primary and secondary quartz in— mineral
-dividuals have been described together because in this altered
rock it has been impossible to separate them.

Orthoclase appears in idiomorphically bounded crystals
where it comes in contact with the primary quartz. It is stout
prismatic in form and shows the faces coP (110), ooPso(010),
‘0P (001) and perhaps +2Pc(201). It has not been found in
fresh crystals but in all cases shows the beginning of kaolini-
zation. Notwithstanding this, however, the microperthitic
intergrowth of albite with the orthoclase material is clearly
shown by the irregular, patchy and wedge-shaped lamelle,
which have an angle of extinction different from that of the
rest of the mineral. The orthoclase contains a great many
inclusions, liquid and gaseous as well as solid; these all seem
‘to follow the cleavage cracks, and in the case of the solid
particles, they often mark out the skeleton of the feldspar
itself as was described above in the case of the skeletons in-
<luded in the quartz.

Plagioclase has only been observed in a few small crystals
which show distinct twinning lamell running straight through
the crystals. These give extinction angles varying from 10° to
20° with the composition plane, when seen in plates parallel to
‘the base, and hence the crystals are probably close to labradorite
in composition. They are, however, distinctly accessory.

The basic silicates have usually been altered into a reddish
brown, hematite-like substance and are very hard to identify.
Bome of the sections made up of hematite have nearly right
angled corners, and therefore show some evidence of having
been at one time pyroxene of some kind. Fresher specimens
show that the mineral is sgirite.
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Chemical composition.—An analysis of the quartz syenite dike
rock was made by the survey, R. N. Brackett, analyst. In order
to obtain a fair sample from this coarse-grained, variable rock,
a quarter of a kilogram of the freshest material obtainable from
the dike on the west side of Fourche Mountain proper, was
powdered in a steel mortar, passed through a 40 mesh seive and
well mixed. The quantity requisite for an analysis was taken
from this material and finely powdered in an agate mortar.

The results obtained from this analysis are as follows :—

Analysis of coarse-grained quartz syenite dike.

BIO; cieereieeissessinnsnnenenenssssnsennees 64.63
-\ X 0 TN 18.16
Fe04 . uiiciiiiiiininnnnnisnnennnecannienens 8.05
MnO ........ eosteuniesssnnossnnisestanenns 1.00
(071 0 SR 1.54
MO ...cocoveenecersnsenneeenanccsnnsananes 0.50
K0 covcnnnnnnnnnnnecenssssss sosnnnecssunnns 4.79
Na,0..covrreiriiriicccssenenesecssanenneens 5.80
H,0 (Ignition)....cccceuvree . 1.08

Totaleeceeiiiieerrassernnnrannnns 100,54

The analysis shows that probably more plagioclase is present
than the microscopic investigation indicated. The presence of
one per cent of manganese is peculiar. In the next rock de-
scribed, which is one to which this one is closely related, the
amount of manganese contained is much greater. The compar-
atively high per cent of silica and low water show that the quartz
is not all of secondary origin and leached out of the other min-
erals, but that the rock is constitutionally richer in silica than
the eleolite syenite and pulaskite.

There is little doubt but that the eleolite syenite dikes
and the quartz syenite dikes, were formed from essentially the
same magma and that either by an absorption of silica from
the neighboring sedimentary rocks during its intrusion, as
in the case of the dike on the west side of the Little Fourche
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Bayou,* the quartz syenite became more acid, or else that this
increase of silica is due to some as yet unexplained alteration
in the magma itself.

(2) Fine-grained quartz syenite dikes.

"The type of this class of rock is the fine-grained miarolitic
dike exposed on the south side of the quarry of the Little Rock
‘Granite Company. The dike has broken through the pulaskite
(blue granite) and has followed a crack or joint which dips about
40° to the north. See fig. 4. '

Fig 4.—Section through the quarry of the Little Rock Granile Company, showing position
of quartz syenite dike.

A. Blue gravite (pulaskite). B. Quarry.

C. Fine-graioed quartz syenite dike. D. Sand and loam (Pleistocene).

The surface of contact between the two rocks is marked by
a decided weathering of the quartz syenite dike and it was only
through the kindness of the superintendent of the quarry that
fresh material could be obtained. A blast was put into the dike
and comparatively fresh rock was blown out.

" Structure.—This rock although showing in many cases a
miarolitic structure cannot be said to be panidiomorphic, for
although occasionaly idiomorphically bounded quartz crystals:
(probably secondary) occur, this mineral is as a rule allotriomor-
phic. The structure must therefore be designated as hypidi-
" omorphic granular with a tendency towards panidiomorphism.

Macroscopic and Microscopic characteristics,—The fine-
grained quartz syenite dike rock is of a light, almost white color
and in all the specimens which have been obtained shows strongly

* Compare the remarks made by Brogger (Syenitpegmatitginge, p. 129) on a similar in-
crease of silica in the *‘ Nephelinsyenitischen Pegmatitginge’ in the neighborhood of L&ven
in Norwsy.

7 Geological; Vol. ii., 1890,
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the action of the weather. It seems macroscopically to be made
ap principally of white feldspar with but few dark colored
minerals interspersed through it. '

Under the microscope it is seen to consist of orthoclase, pla-
gioclase, quartz, magnetite, hematite and kaolin. The basic
silicates have in most cases been completely altered to hematite
and other decomposition products.

Orthoclase appears as a white, opaque, generally much
kaolinized feldspar, which only rarely shows the characteristic
lustre npon the base (001). Under the microscope it is seen to
be microperthitic in its structure and to consist of crystals tabular
to the clinopinacoid (010) and twinned according to the Carlsbad
law. Its characteristics are in all respects very like those found
in the coarse-grained variety of thisrock. The chemical analysis
of the rock indicates that the orthoclase is rich in soda, for where
80 few varieties of minerals are present in a rock as in this one, and
where one predominates as strongly as does the orthoclase in this
case, the total analysis approaches quite closely to the analysis of
that mineral.

Plagioclase appears very rarely but in comparatively sharp
crystal!s which resemble labradorite.

The basic silicates have been mostly altered to oxides of
iron and manganese. The high percentage of manganese oxide
found by the analysis is very remarkable and indicates that some
manganese bisilicate was probably formerly present, but that it is
mow entirely decomposed and appears only as indistinguishable
manganese oxides, either alone or mixed with those of iron.

The analysis of this rock was made by the Survey, R. N.
Brackett, analyst, and appears in column I., while column 11,
<contains the analysis of the coarse-grained material which is here
repeated in order to bring out the similarity in composi-
tion between the two rocks.

Itisevident from the appended analyses that, notwithstanding
the variations in the quantities of silica, manganese and alamina,
the rock are very similsr. The manganese of analysis I. possibly
replaces some of the alumina and in that case it should be con-
sidered as in the form Mb,O,. The iron in both analyses is
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probably principally in the form of Fe,O; for where so much
weathering has taken place as is here observed the iron would
be converted into the sesquioxide (Fe,O;) or a hydrated form
-of the same (2Fe,0,+3H,0).

The alkalies are quite similar and indicate that the quanti-
ties and compositions of the feldspars in the two rocks are
also similar. These two rocks are therefore rightly classed
ogether in the group of the quartz syenite dike rocks.

Analyses of quartz syenite dike rock.

I 1I.
OONSTITUENTS,
Finer-gcr:fnod Conmr.nlned
8102 62.96 64.63
A0y 13.45 18,15
Fe305. cceecrisesnncantanssansonsenconconns sssnssvoaen 8.54 8.05
Ca0 1.28 1.54
). €10 JO RSP SRR 5.29 1,00
MEO ouencrrenencnanennsssesesssasssnnes snsssssenns 0.61 0.50
K20 oot inriiiies srennnnnietiteeies casneens 5.19 4,79
N820 .cuiniirreersomranionss snenssnsenss seasanee 5.46 5.80
H;0 (Ignition) 2.77 1.08
TOtAL.curirenccsncersrnessescnsosasanens . 100.58 100.54

I. Fine-grained quartz syenite dike rock from quarry of Little
Rock Granite Company, Fourche Mt., Ark. Anal. by R. N.

Brackett.
II. Coarse-grained quartz syenite dike rock from west side of
Fourche Mt. proper. Anal. by R, N. Brackett.

D. Porphyritic Border Roek. (Tingudite).
a. Occurrence.

In the Fourche Mountain region the porphyritic rocks form
but an insignificant factor, so far as their distribution is concerned,
but, when considered in connection with those from other
localities, they show an interesting similarity in structure and’
-occurrence. Specimens of this class of rock have been observed

[N
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in but few localities in the neighborhood of Fourche Moun-
tain and even there they are far from being well exposed.

They occur in the immediate neighborhood of the eleolite
syenite dikes at the southeast corner of the mountain and cover
about 4 hectares (10 acres) of surface, but the weathering which
has taken place has been so complete that the character of the
rock can only be determined through the occasional occurrence
of loose blocks. (See p. 25).

b. Macroscopic and Microscopic Description.

The rock presents a greenish black, greenish gray or
purplish appearance and is characterized by small idiomorphic,
glassy phenocrysts of orthoclase (sanidine) lying in & macrosco-
pically dense groundmass. The orthoclase is remarkable on
account of its extremely tabular form.* It is tabular parallel
to the clinopinacoid (010) and its thickness is generally not.
more than one-tenth its greatest lateral diameter. Thus
crystals are commonly found which are 5mm in any direction
parallel to the symmetry-plane and not more than 0.5mm in a
direction at right angles to it. Even these extremely thin
crystals are usually twinned according to the Carlsbad law.

Pyroxene crystals of macroscopic dimensions often appear
as minute, greenish prisms and in some cases biotite plates occu-,
but in other specimens this mineral is entirely wanting.

Under the microscope this rock isseen to be made up of the
already enumerated phenocrysts, including also sodalite und
eleolite or nepheline, lying in a holocrystalline groundmass,
made up of eleolite or nepheline, orthoclase and minute, but
idiomorphic pyroxene and amphibole crystals. In some cases
these latter minerals have been replaced by chlorite.

Orthoclase is by far the most important mineral among the
phenocrysts. It is flat tabular, as has been described, and

* Brigger (Syenitpegmatiginge, p. 38) describes a ‘‘nephelinrhombenporphyr” of a
violet-gray color which is characterized by phenocrysts of a greenish gray soda orthoclase and
microperthite lying in a dense, nephelinitic groundmass. The characteristic rhombic form
of the phenocrysts which give to tho Norwegian rock its name does not appear in the Arkansas
rock but is replaced by a tabular form, and the] rock is considered an eleolite tingusite. (See
Chap. VII. 1. B. {).
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resembles sanidiue both in its external appearance and in its
optic properties. Its double refraction is abnormally low and
the optic axis angle, although varying very wmuch for different
specimens, is generally quite small and in one case has been
found to be zero for white light. The plane of the optic axes
has been observed in most cases to lie at right angles to the
symmetry-plane, but exceptions to this rule have been found.
‘Carlsbad twins are very common and in one case a twin according
to the Baveno law has been observed. While the majority of these
feldspars are fresh and undecomposed, some of them show the
beginning of kaolinization by becoming opaque in spots and
losing their sanidine-like appearance. In a very few cases an
indistinct microperthitic structure has been observed, but in
general, the crystals appear to be completely homogeneous.
Eleolite or mepheline appears under the microscope in the
form of hexagonal sections which remain dark during a complete
revolution of the stage, and as weakly polarizing polygonal
sections of either quadrangular or irregular forms. Ia size the
hexagons seldom exceed halfa millimeter in diameter and are
usually somewhat smaller than the sodalite crystals. An in-
distinct cleavage parallel to the sides of the hexagon is generally
visible. The hexagonal sections give no distinct cross, but this is -
probably due to their extreme thinness and to the weak
double refraction exhibited by this mineral. In the sections
inclined or parallel to the principal axis the negative character
of the double refraction is easily determined by means of a
selenite plate. From the general character of these crystals and of
those to be described later under the head of ‘‘ groundmass,” it
appears that they should be considered as nepheline rather than
as eleolite. |
Sodalite occurs in comparatively large (0.6mm) phenocrysts
whose sections are usually six-sided. They are perfeetly fresh
and between crossed nicols remain dark during a complete
revolution of the microscope-stage. Even by means of a selenite
plate no double refraction whatever is detectable. Distinct
cleavage in any definite direction is wanting, but a few irregular
cracks are visible. Inclusions are numerous and consist prin-
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cipally of gas-pores and a few minute crystals of orthoclase and
of eegirite.

This mineral was determined to be sodalite from the
following facts: the absence of all optic anomalies, and
the presence of chlorine and the absence of sulphuric acid in the
rock in which it occurs. In proof of this last statement some of
this rock was finely powdered and a portion of the powder
was heated with nitric acid, and filtered ; the filtrate tested with
silver nitrate (AgNO;) gave a decided reaction for chlorine. 1n
another portion which was boiled with hydrochloric acid and
tested with barium chloride (BaCl,) no formation of barium
sulphate was observed, thus excluding the possibility of the-
presence of haiiyne. A portion of the hydrochloric acid solution
evaporated to dryness showed numerous small cubes of salt
under the microscope, These were probably due, however,
rather to the nepheline than to the sodalite, and, in fact, were it
not for the chemical tests described above, all of the hexagounal
sections would probably have been considered as belonging to
the former rather than to the latter mineral.

Pyrozene occurs as phenocrysts some of which are as much
as 1mm in length and a quarter of a millimeter in width. They
are terminated by the faces co P (110), co P& (100), coPdo (010)
and an acute pyramid, perhaps 6 P (661), which makes an angle-
of approximately 12° with the vertical axis. They are of a
bright yellowish green color and are quite pleochroitic; the
variation in colors is between yellow and bluish green as
follows :—

polarized parallel a bluish green.

polarized parallel b olive-green.

polarized parallel ¢ yellow.

The relative absorption is expressed by the formala a>b>¢.
The extinction angle in sections parallel to co Pdo (010) is about.
8°. All these characteristics point toward @girite as the subdi-
vision of the pyroxeme group to which this mineral belongs.
In some cases a very narrow twin plate occurs lying parallel to
the orthopinacoid (100.) In the cases observed this plate was
not more than 0.04 of the thickness of the main crystal.



FOURCHE MOUNTAIN ROCK — BORDER ROCK. 103

Amphibole, although not appearing as single individuals
among the phenocrysts, has been ob-
served surrounding wgirite in a parallel
position and in some cases it is again
in turn surrounded by the latter.

Inthe accompanying figure (Fig. 5)
the cleavage cracks show distinctly the
relative positions and physical proper-  Figure 5. ZEgirite surrounded

. in parallsl intergrowth by emphi-
ties of the two minerals. The amphi- yu, and then again by egirite.
bole is.-much more pleochroitic than the (x ¢
sgirite, but in the same sense: thus in the case of amphibole
b>a, and b=bluish green ; a=yellow; ¢=(?)*.

The yellow of the amphibole corresponds exactly with that
of the agirite so that, wheo the section is so situated that the
symmetry-planes of both crystals lie parallel to the plane of the
lower nicol, no difference in color between the two minerals can
be detected. The amphibole resembles very closely that found
in some of the preceding rocks and hence it may be assumed to
approach arfvedsonite in composition.

Biotite, when it occurs, forms long thin sections which are
very pleochroitic, the absorption of light being almost total
parallel to the base (001). These crystals are often much cor-
roded and are usually associated with fluorite and apatite.

Titanite crystals occasionally appear, but are by no means
common.

The phenocrysts in this rock are usnally found scattered

*singly through the base and are not at all frequent. In the case
of the orthoclase it is not uncommon to find two or three crystals
close together forming an approximately triangular group, but
the eegirite appears, almost without exception, in isolated crystals.

Under the microscope the groundmass is seen to consist of a
mass of short, rectangular or hexagonal sections of eleolite
(nepheline), which are separated from each other by an
extremely finely crystalline residual base, which is interspersed
with minute prisms of pyroxene and amphibole.

¢ a of amphibole corresponds in crystallographic position to ¢ of ®girite.
¢ for the amphibole is undetermined in this case.
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The hexagonal prisms of eleolite or nepheline contained
in the groundmass are about as wide as they are long and
measure as a maximum 0.08mm in diameter. They are some-
what stronger in their double refraction than the phenocrysts,
and while those of the older generation are almost free from
inclusions of other minerals, those of the younger generation are
characterized by large quantities of included basic silicates of the
second generation. The eleolite (nepheline) of the groundmass,
besides being pierced by the minute, acicular basic silicates, is
also often bordered by them and the whole section presents
what Boricky described as a ¢ vegetable cellular structure” *

The basic silicates of the groundmass consist’ of both
pyroxene and amphibole which occur in microscopic, idio-
morphic crystals. The pyroxene occurs in sleader prisms 0.05
to 0.Imm Jong and are terminated by rather flat pyramids.
They are very pleochroitic and give the absorption relations and
color changes of wgirite. The extinction angle in the clinopin-
acoid (010) is about 5°. The amphibole occurs in thicker
prisms which seldom exceed 0.05mm in length. In these the
pleochroism is even more decided than in the mgirite but shows
a variation between the same colors. Many sections at right
angles to the prism zone have been observed in which the
characteristic angle of 124°, included between the prism faces as
well as the cleavage-cracks parallel to them, was measured. The
extinction angle in plates parallel to the clinopinacoid (010) has
been measured in a few instances in which it was found to be as
much as 20° but in general it is less than this. This mineral
should probably be referred to the arfvedsonite group. Both of
the basic silicates are rich in gas and fluid inclusions.

The residual base, which in some cases shows a decided
fluidal structure about the phenocrysts and even about the
larger of the secondary eleolites (nepheline), is resolvable,
under the very highest powers of the microscope, into double
refracting bars which have an oblong form and a parallel extine-
tion when examined in polarized light. They are negative in the

* Rosenbusch Physiographie Band II., p. 625. These are shown in Plate V., Figure 8,
of the same work.

.
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character of their double refraction and appear as though they
might be eleolite (nepheline) of a third generation. Whether
any true glass is present between these indistinct crystals is
a question which it is difficult to answer with certainty. It is
probable, however, that all of the base is orystalline.

In some specimens, a groundmass has been observed in
which the basic silicates of the second generation do not appear
but are replaced by a brownish or greenish decomposition
product of some sort — perhaps chlorite. It shows a spheru-
litic arrangement of the light colored crystalline components of
the groundmass which are probably feldspathic in their charac-
ter. In such sections the phenocrysts of eleolite (nepheline) or
-godalite have weathered to such a degree, that none of the origi-
nal substance remains, and their former existence can only be
inferred from the presence of hexagonal forms filled with calcite
and undetermined zeolites. Purple fluorite and small apatite
-erystals also occur in this rock.

Specimens like those just described are associated with the
more distinctly crystalline type from the southeast corner of the
Fourche Mountain region and also from near the top of Allis
Mountain at the point where the pulaskite comes in contact with
the sandy shale. At this point specimens have been found in
which one side of the rock is a typical example of pulaskite,
‘while the other side consists of a porphyritic rock, similar to
-some of the varieties of tingudite just described, but containing
less eleolite (nepheline) and approaching an sgirite tingudite in
composition.

In many respects the rocks of the varieties just described
resemble phonolites, but their occurence as border or porphyri-
tic types of the pulaskite or eleolite syenite, places them
in the group known as the tingudite group.

Of this group Rosenbusch says (Mikrosk. Physiog. Band. II.
p. 627): ‘A peculiar rock which is not properly classed with the
phonolites, but belongs rather with the eleolite syenites, and
which cannot be distinguished macroscopically from the former,
occurs jn dikes associated with the eleolite syenite of Portugal,
Brazil, ete. It is characterized by its want of fluidal structure.
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It has a hypidiomorphic and occasionally a panidiomorphic
granular structure similar to that of aplite.” Brogger (Syenit-
pegmatitginge, p. 40) describes a similar rock from Norway.

Other varieties of this tinguditic rock occur in this region,
in which eleolite or nepheline are entirely wanting but which.
probably originally contained a glassy base that has now become
cryptocrystalline. Orthoclase or sanidine and wmgirite form the
only large constituents of the rock and are imbedded in the
cryptocrystalline groundmass jusi mentioned. Professor Ros-
enbusch kindly examined a specimen of this rock and informed
the writer that it presents a great similarity to the rocks from
Minas Geraes, Brazil, described by Machado.*

III. PETROGRAPHIC DESCRIPTION OF THE AUGITIC ROCKS.

~.

In the Fourche mountain region these rocks occur, as far-
ae has been observed, only about the southern end of the ‘“cove.’>
They extend for some distance along the eastern side of Allis.
Mountain from near its southern extremity, as is indicated on
map II,

Macroscopically these rocks appear to be of a black, or very
dark bluish, or reddish brown color, and are generally charac-
terized by large, distinct augite crystals. The rock is, however,
very variable in its appearance, in some cases being very com-
pact and fine grained, and in other cases showing large pheno-
crysts of augite, or of biotite. These two minerals appear to
alternate with each other in forming the phenocrysts, for first.
one and then the other is found to predominate; yet no
genetic distinction between the two rocks can be detected. It
is probable, however, that, if the whole top of the hill could be
cleared of the immense mass of loose boulders and soil which
covers it, these rocks would be found to have been formed from
variations of the same magma which have solidified under
different physical conditions. = However, be that as it may,
all that can now be determined is that among these
boulders first one type and then the other is found, and

©Beitrag zur Petrographie der slidwestlichen Grenze zwischen Minas-Geraés und 8.
Paulo von J. Machado. Min. u. Petrog. Mitth., Band IX., 1888, p. 347.
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that at one point one type predominates, while at another
the other is more conspicuous. An attempt has been
made to indicate this on the map, but from the nature of the.
occurrence of these rocks no great reliance can be placed upon.
such a division.

In many respects these rocks present a great similarity to.
the dike rocks described by Prof. J. F. Kemp, of Cornell
University, in chapters XII. aod XIIIL of this report. In
the description of the individual minerals, etc., reference will
be made as far as possible to Kemp’s description, in order to.
avoid uunecessary repetition.

A. Fourchite. *

These rocks are macroscopically as well as microscopically
distinctly porphyritic and their structure may now be described
as holocrystalline, although it was probably originally hypo-
crystalline. In general they show large augites, sometimes as
much as 25 to 30mm in diameter, imbedded in a dull black
groundmass, On weathered surfaces these augites retain their
black color, while the groundmass becomes brownish yellow, thus.
showing more distinctly than ever the porphyritic character of
the rock.

Augite crystals make up about 75 per cent of the rock and
although in general corresponding very closely to those described
by Kemp, they differ from them in some minor characteristics.
The twinning, which is rather uncommoan in the dike augites, is
here of very common occurrence. Crystals made up of two
halves, twinned purallel to the orthopinacoid (100) are of fully
as frequent, if not more frequent, occurrence than single crystals.
The violet color is more marked in these than in the crystals
described by Kemp, but the extinction angle in plates parallel
to oo Pic (010) is about the same. One of the most common
and at the same time the most striking characteristics of these
augites is their beautiful “hour-glass structure.” In many

©This rock is named from Fourche Mountaia (p. 19, foot note) which received its name
from Fourche Bayou, and this in tarn was named by the early French explorers Fourche on
account of its many forks, The name is pronounced in English as in French.
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crystals (Fig. 6) this is shown by a complete change of

o color between crossed nicols, so that, while the
sides (B) are, for example, a brownish purple
the hour-glass shaped ends (4) are a brilliant
yellow. The zonal structure noted by Kemp
appears also in these crystals and is continued
through the hour-glass sectors without inter-
ruption.

' Scattered through the rock, and in many

Fig. 6. Section of au- . . . .
gite (11 o 010) in po-C88e8 forming an important constituent of it,
m m“‘ﬂ‘;“m::z are small, irregularly shaped, yellowish, trans-
atructurs. parent grains, which seldom exceed 0.005

A. Yellow between ;m in diameter and are often much smaller.
“crossed niool.

B. Brownish purple Lhey have a high index of refraction and stand
betwoen crossed nicol. gyt clearly from the general surface of the sec-
tion, presenting the appearance of small round globules. Since
they show a decided double refraction it is probable that they
are titanite or leucoxen of secondary generation.

The groundmass of even the freshest specimens shows a
‘very complete alteration. It is filled with a dark, reddish
brown material, which is a hydrous oxide of iron, in which
lighter spots, showing double refraction, are observable. The
small highly refracting decomposition grains noted above are
also very common. There is, at least at the present time, no
glass remaining, but it is probable that the fine grained ground-
mass solidified originally as a glass and has since been altered
to a crystalline mass. If perfectly fresh specimens of this rock
could be obtained it is possible that a still glassy base might be
found.

An analysis of some of the freshest of this rock was
made by the Survey, W. A. Noyes, analyst, and the alkalies were
‘determined by R. N. Brackett.

Analysis of fourchite from Fourche Mountain, Arkansas.

—
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Fe;05uurenermrerererenaesssnsssnssnnens 7.55
b 0T 0 2 vereseecenene 6.66.
b O TR, evortnennsseense 0.66
Ca0O. 14.15
MgO...ccovvennnneee eareseeassns vesssneen 6.41
MO...ccoriiinennininecennnne seneese .~ trace
200 TR reeereaasnnens 0.97
B £ X 0 TS 1.83
NaCl........ 0.06
BOs.iiieeieinnnniesiiisssssnnnnnsasenanee .. 0.08
P,0;........ eteeeeeetetsanansrestnnsenes 0.57
H,0 (Ignition)....ccooeverereeennnnnees 1.08
TOtal cerererernerereesmmreneees 99.23

H. Rosenbusch in connection with M. Hunter has lately
published a paper entitled “ Ueber Monchiquite, ein camp-
tonitisches Ganggestein aus der Gefolgschaft der Eliolith-
syenite.”* He makes a new group of those older dike rocks
which are always intimately connected with the eleolite
syenites, and names them monchiquites after the Serra de
Monchique in southern Portugal where they occur in
typical dikes. Rosenbusch considers these as made up of a
porphyritic combination of olivine, augite, and a glassy base,
with which may be associated either hornblende, or mica, or
both these minerals together. The glassy base often includes
minute crystals of plagioclase and occasionally of nepheline.
Rosenbusch remarks that as yet a separation of these rocks
into smaller groups does not seem advisable, but he
mentions the follow divisions which might be made :— °

Monchiguite,
Biotite monchiquite,
Amphibole monchiquite,
Amphibole biotite monchiquite.

"The writer of this report, in connection with Prof. J. F.
Kemp and before seeing Professor Rosenbusch’s work upon
monchiquite, had already described and classified the augitic
rocks from the eruptive areas of Arkansas in somewhat the
same way, and had proposed certain local names to be
applied to them.

* Mineral. und petrograph. Mittheil., Band XI., 1890, p. 446.
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Rosenbusch (Physiographie, Band II., p. 821) describes
various dikes from the eleolite syenite region near Rio de
Janeiro, Brazil, and especially from the Serra de Tingud under
the head of augitite, and mentions their similarity to the dikes
described by van Werveke from the foyaite formation in the
Berra de Monchique in southern Portugal. The Brazilian dikes
are often without olivine and form an olivine-free class of
the rock that Rosenbusch calls monchiquite. It is to this class of
olivine-free monchiquite that the writer has given the name
Jourchite.

Some specimens of the more important types of fourchite
were sent by the writer to Professor Rosenbusch who kindly
-examined them and expressed his opinion that they belonged
to the monchiquite group, but that they were in certain
respects different from any specimens that he had seen. In
view of these relations these rocks have been included under
Rosenbusch’s monchiquite group and since they are for the
most part either very poor in olivine, or completely free from
that mineral, an olivine-free type has been made and coordinated
with the olivine monchiquites. Itbears much the same relation
to them that augitite does to limburgite in the group of effusive
non-feldspathic rocks. The subdivision of this group into
biotite, amphibole, and biotite-amphibole types was already
completed before Professor Rosenbusch’s paper on monchiquite
-appeared, 8o that it only remained to group them systematically
and in correspondence with the monchiquite rocks. The follow-
ing scheme of arrangement is suggested :—

Monchiquite Group. (Rosenbusch, 1890).

CONTAINING OLIVINE. GLASSY BASE AND Mnunu:-| OLIVINE-FREE.
chiquite(Rosenbusch, 1890)| Augite......cceeecueeveneensarnarrarecnns lFourchlte (J. F.Williams, 1890
Monchiquite( ! [Augitite from Serra do'Tlnz

gud (in part). Rosenbusch].
Amphibole monchiquite........... Amphibole and augite,............ -|Amphibole fourchite.

‘Biotite monchiquite.................. Biotite and augite........cccue....... lOuuehmte (Kemp, 1890).
-Amphibole biotite monchiquite| Amphibole, biotite and augite.| Amphibole ouachitite.

In order to show the close chemical relation which exists



A}

FOURCHE MOUNTAIN ROCK — AUGITIC ROCK.

1

between the fourchite and the true olivine monchiquites, the
following analyses which are taken mostly from the Roseabusch
paper are, for the sake of comparison, set side by side with

‘those from Arkansas.

Analyses of monchiquite and fourchite.

L 1L I 1v. V. VI, VII.
°
$- L4 = o > & ;
el efE | F| 3| A, | 3| &
CONSTITURNTS. I-.E pi $a sa 55 58 Eg
i: | 333 | £ g g2 | 3 =
3 45 Gl 2 a8 a 1S
o a
£ g58 | 8§ g Em g Ak
8 < = = 3 S &
BlOg. ccvvesesersunsssssseress 4208 | 4350 | 4648 | 43.74 4194 | 40.95 | 40.42
Al,0,... 13.60 18.06 16.16 14.82 15.36 |16.45 | 28.36 (29)
2.10 0.99 2.80 415 | 889 |uwveeen .
7.52 6.17 2.40
7.64 6.09 752
...... revensssafrerrrrsnrnnnnnn] 010 {eevueeeerees | eevneesecnsens | eesnasnmssenes
18.39 7.85 10.81 9.47 | 10.68 11.25
3.47 4.02 6.98 5.01 | 6.10 9.07
ST IR P S 025 | 0.38 (19)|.... coonen...
130 3.08 2.90 019 | 1.28
Na,0..... 1.88 2.00 585 3.08 515 | 4.00
Nacl....coeereeneee — 0.05 |vueenenernnsfrrerererenanne ErRCE.  [.irvvereererens|cenereenennnn .
R T YO B " S I

5.22
COy weereeisenrsrsensanesnesss|snesennesaesns [ eaees 0.45 1.50 2.47 1.58
Total...ccveeeevvnens 99.23 100.20 100.91 100.23 100.44 {100.63 94.85 (8°)
2.927
Bpecific gravity 8.051 2.738 2914 |.vvvereeninens z to ... essessens
8.005

(1%) Contains also Co0.

(2*) Contains also Crz05.
(3®) This analysis foots up to 95.85 but it is given as it appears in Rcsenbuach’s paper,
since the original article by Hussak is not accessible to the writer.
I. Fourchite from Fourche Mt., Ark., by Brackett and Noyes.
II. Amphibole monchiquite from Magnet Cove, Ark., by W. A.
Noyes. (Chap. VIL,, 111. A).
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III. Monchiquite from Santa Cruz Ry., 880 Paulo, Brazil, by
M. Hunter. (Min. Petr. Mitth., Band XI., 1890, p. 4564).

IV. Monchiquite from Rio do Ouro, Serra de Tingus, Brazil, by
P. Jannasch. (ibid. p. 464).

V. Camptonite from New Hampshire, by G. W. Hawes, (Am.
Jour. 8cl., Series 3, Vol. XVII., 1879, p. 147).

VI. Camptonite from Montreal, Canada, by B. J. Harrington,
(N. Jahrb. f. Min., 1883, Band I., p. 248),

VII. ‘Pikrite porphyry’’ Steierdorf in the Banat, Hungary, by
by E. Hussak, (Verh. d.k.k. geol. Reichsanstalt, 1881, p. 262).

B. Amphibole Ouachitite,

The amphibole ouachitite includes those varieties of augitic
rocks which contain phenocrysts of biotite and hornblende, as
well as augite, lying in a fine-grained or glassy groundmass.
The biotite and augite are easily seen with the naked eye, for
they form idiomorphic crystals, often quite large, but not as large
as the individuals found in the fourchite just described.

Under the microscope the phenocrysts are seen to lie in an
extremely fine-grained, but now completely holocrystalline
groundmass which was probably originally a glass.

Augite is by far the most important mineral constituent of
the rock, but it would, however, in this case hardly make up 20
per cent of the total mass. The crystals are usually fresh and
in all respects essentially the sanie as those described above
(p. 107).

In a few cases perfectly fresh, small augite crystals have
been observed filling what is apparently the space which was
once occupied by some other mineral. They are radially
arranged in the center of the crystals and those about the sides
stand at right angles to the edges. It is possible that they
take the place of decomposed augite phenocrysts or of olivine.

Hornblende occurs in the rock in much smaller quantities
than the augite and forms crystals which seldom exceed 0.4
mm in length, It is easily detected under the microscope by
its reddish brown color, strong pleochroism and cleavage-cracks
which make an angle of about 124° with each other. It belongs
to the variety known as basaltic hornblende. The crystals are of
a short prismatic habit and, although they have been much
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corroded by the magma and are rounded on the corners, they
still show that the prism (110) and clinopinacoid (010) faces
originally existed. This corrosion has given rise to a peripheral
zone which appears to be quite distinct from the rest of the
crystal, but still ,consists of hornblende substance mixed with
some magnetite. Inside of the crystals themselves a succession
of dark brown concentric bands appear forming a beautiful
zonal structure. ln some cases twins parallel to the ortho-
pinacoid (100) have been observed. The pleochroism is very
strong and is represented by the following formula :—

parallel c—=dark reddish brown.

parallel a=yellow.

The hornblende includes maguetite in dust-like grains and’
occasionally shows liquid inclusions of some size. From its.
mode of occurrence and general appearance the hornblende is
probably to be considered as the oldest constituent of the rock,
after the metallic oxides.

Biotite occurs in thin plates which are often quite large.
This, like the hornblende, has been strongly acted upon by the
magma and shows resorption bands. It is of a reddish brown or
yellow color and is very pleochroitic. Its optic characteristics
are normal.

The groundmass of the rock consists of minute hornblende
and augite crystals associated with magnetite in large quantities.
The small highly refracting globules already described (page 108).
appear here in great numbers. As a background or base for all.
these minerals, there is found a colorless substance, showing a.
very low refractive index and a comparatively weak double re--
fraction. When examined between crossed nicols and under a
very high power, it is seen to consist of a mass of minute-
crystals which are negative in their double refraction and
have small angles of extinction. Their boundaries canuot.
be definitely determined, but the direction of the greatest.
elongation and of the indistinct cleavage-cracks has been taken
as the probable direction of the principal axis. It would appear
from these characteristics that some feldspathic mineral is

present. No twinning lamellee were observed, but it is probable
8 Geological; Vol. il., 18%0,
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from the lath-like shape of the crystals that the feldspar is a
plagioclase which was formed by the devitrification of an original
glass. The occurrence of hornblende and of biotite and the
possible presence of a glassy base indicate that a rock corre-
sponding to the third variety of Rosenbusch’s monchiquite
group (loc. cit. p. 450), the biotite amphibole monchiquite, b ut
without olivine, is under consideration. This would, therefore,
according to the nomenclature adopted for these rocks, be an
amphibole biotite fourchite or, more simply expressed, an amphi-
bole ouachitite.

C. Monchiquite (?).

Some specimens occur at the south end of the ¢ trap ” area on
Allis Mountain, which, although much weathered, still indicate
that they belong to a somewhat different type from those
rocks already described. These rocks are remarkable not
only on account of the peculiar and rather uncommon pseudo-
wmorphs of mica after augite which they coniain, but also on
account of the large quantities of the already described globular
titaniferous mineral which, in this case, sometimes attains a
" diameter of 0.0lmm and is more sharply defined than in the
preceding rocks.

Pseudomorphs of mica atter augite frequently occur in this
rock and are even macroscopically easily recognizable. The
crystals are 1 to 1.5bmm in length and show the original faces
P (110), oPs (100), oo Pco (010), 0P (001), —P(111) and
also some dome faces in the ortho-zone. In a few instances the
central portion of the crystal remains undecomposed, but in
most cases the alteration is complete throughout the whole
crystal. In those cases where the central portion of the crystal
still remains unaltered it is seen to have been completely freed
trom iron, so that it appears colorless and is absolutely non-pleo-
chroitic. Where the alteration has taken place completely the
crystal is entirely made up of small, irregularly grouped mica
plates which seldom exceed 0.05mm in diameter. These plates
are of a reddish brown color and may, perhaps, be rubellite,
although it appears more probable that they are biotite somewhat
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stained with iron oxide. G. von Richthofen* describes pseudo-
morphs of rubellite after augite, from the tufa formations of Alpe
Ciaplaja, on Monte Creppa, and from other points of southern
Tyrol. The Tyrolese pseudomorphs show that the alteration
began at many points in the interior of the crystals and formed
nests of reddish mica plates which, in some cases, increased in
size and numbers 8o as to include the whole crystal. Blum men-
tions mica pseudomorphs after augite from the Fassa Valley,
in southern Tyrol, Austria,t and from Monroe, Orange county,
N. Y.,1and Tschermak describes such from teschenitic rocksj|.

In the pseudomorphs from the Arkansas rocks the alter-
ation appears to bave taken place from the outside and to
have worked in along the cracks. The undecomposed parts,
when such exist, are found uniformly at the centre of the
crystal, and are often cut through by cleavage cracks along the
edges of which some alteration has taken place. The mica which
is, as has been stated, probably a stained biotite occurs in
small, thick plates absolutely without parallel arrangement of
any kind. These plates are very pleochroitic; the color variation
being from a very light red or straw color to a deep brown.
The optic axis angle is small.

In this decomposed rock there appear indications of the
alteration of some mineral, probably olivine, to serpentine, but
the forms are not such that they can be definitely determined.

In addition to these phenocrysts there have been observed
in the groundmass, which consists principally of augite needles
and the already mentioned globular titaniferous mineral (p.108),
some feldspathic minerals which are evidently the devitrification
products of an original glass. These feldspar (?) crystals are of
two varieties, twinned and simple, and both of them appear as
very slender, lath-like individuals not over 0.07mm in length.

The rock evidently belongs to the monchiquite group, but
whether to the olivine or olivine-free variety is uncertain. It is

* G. von Richthofen in the Wiener Akad. Ber. Band XX VII., 1858, p. 335, and in Blum’s
Pseudomorphosen. Band III, p. 96. Cited after J. Roth’s Chemische Geologie, Band I., p. 840.

t Pseudomorphosen. Blum. Band I.,p.81. Cited after Roth.

1 Ibid. Band IIL,p. 93. Oited after Roth.

| Porphyrgesteine Oesterreichs, G. Tschermak, p. 264, Cited after Roth.
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probable, however, that it may be more properly considered as
belonging to the former variety and as forming a true monchi-
quite in the more restricted sense of the term.

From the same locality other altered rocks occur which
differ from these only in the fact that the augite crystals have
been altered to chlorite instead of mica. The chlorite appears
in small six-sided plates seldom more than 0.04mm in diameter.
It is of a beautiful green color, and in plates cut at right angles
to the cleavage-planes it shows a comparatively strong pleochro-
ism, with an alteration in color from yellow (||c) to green (]|a or
b.) When observed in plates parallel to the cleavage it ap-
pears dark green and isotropic and in convergent light shows
no distinct cross. Between crossed nicols the polarization colors
appear higher than those usually described for this mineral.

The rock is of a generally greenish color with darker green
spots where the chlorite psendomorphs occur.

Upon reviewiné the above descriptions it is evident that,
although some minor variations exist, the rocks belong to one
and the same group. It seems better therefore to unite them
under the name of fourchite, with a clear understanding that the
varieties described are present, but that, owing to the poor
exposures and to the weathered condition of the rock, it is
absolutely impossible to define the limits of the various types,
or to study their mutual genetic relations.

IV. CONTACT ROCKS.

In the Fourche Mountain region contact rocks are not very
numerous nor easily studied. In a few cases specimens of
contact shale have been found which show a very decided
metamorphism and an almost complete alteration into a crys-
talline rock. Such a metamorphism has usually taken place only
where the sedimentary rocks are in direct contact with the larger
masses of syenite, for in cases where small dikes cut through the
Paleozoic shales little or no alteration exists.

At a point near the junction of Fourche and Ermentraudt
Mountains on the east side of the ridge the syenite is found in
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direct contact with the shale. It is seen tg have induced in the
latter small (0.5 to 1mm) irregularly bounded feldspar crystals,
which now form the main mass of the rock. These feldspars
are often twinned according to the Carlshad law, but show by
their undulatory extinction and peculiar microstructure that
they are of secondary origin. They are, almost without excep-
tion, filled with minute, black grains which are presumably
magnetite, These are scattered through the crystals without
any regular system of arrangement and without any special
reference to the crystallographic form of the individuals in which
they occur. In a few cases larger crystals of feldspar have been
observed, and when such occur, they are seen to have a more
perfect crystallographic form than the smaller ones. It is
probable that the larger crystals were formed first and were
therefore in a position to rearrange the ingredients of the shale
and those obtained from the igneous rock more fréely than the
smaller crystale which followed them. They may be considered
as the “ phenocrysts” of the metamorphic rock.

Mica crystals, often very fragmental and distorted, occur
very frequently. They are of a greenish yellow color and show
strong pleochroism. When the cleavage-planes stand at right
angles to the plane of the lower nicol the color is a light
yellow with a faint greenish tinge, and in some cases the crystals
are almost colorless. At right angles to this position they are
almost or entirely black and show a correspondingly complete
absorption of light. It is probable from these facts that this
mica is a biotite. The irregularity in the shape of the platesand
flakes shows that it was not entirely unhindered in its crystal-
lization, but its comparatively large size (1 to 1.5mm in
diameter) indicates that it was one of the earlier and more freely
formed materials.

Small fragments of some green mineral resembling sgirite
in their appearance and behavior in polarized light occur in this
rock and certainly constitute some member of the pyroxene
group.

A thin section of this rock is seen under the microscope to
be completely studded with small black specks of magnetite
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which are often roynded, and only occasionally show any
indications of crystal form. Hematite and limonite also appear
in irregular masses, the former often taking the shape of thin
plates, while the latter is naturally without definite crystal form.

Six inches (0.15m) away from the contact, as a rule, the
shale shows very little metamorphism, and it is only here and
there that any indication of a secondary crystallization can be
detected.

In some cases the syenite is seen to penetrate the sedi~
mentary rocks for a short distance from the contact, thus
forming alternate bands of igneous and metamorphosed rock.
In one case the igneous rock is found to make up more than
half of the specimen, while the metamorphosed rock occurs in
the form of narrow intermediate bands presenting a semi-fluidal
appearance. Under the microscope these bands are seen to be
made up of minute, allotriomorphic feldspar, magnetite and hema-
tite crystals and a few flakes of reddish brown mica.

A peculiar feature of the rocks near the contact, and one
which is characteristic of both the intrusive rocks, as well as of
the metamorphosed sedimentaries, is the dark blue or black
stain with which these rocks are quickly covered when left
exposed to the air and rain for a few days. (See page 22). The
igneous rocks seem to show the color even more distinctly than
the metamorphosed sedimentary deposits, and it has been ob-
served that when the former are heated before a blast-lamp they
they give off sulphur enough to burn with a blue flame for some-
time, even after the source of heat has been removed. Thedsrk
blue stain appears to be connected in some way with the large
amount of sulphur present, for after the rock has been heated for
a time and the sulphur driven off it assumes a reddish color. It is
possible that the stain is due to a mixture of sulphur (8) and ferrous.
sulphide (Fe8) which was temporarily formed as an intermediate
stage in the alteration of pyrite (Fe8,) to ferric oxide (Fe,0,).

East of the southern end of Ermentraudt Mountain (section
356,8. W. of 8. W.) and on the eastern end of the southern part of
Allis Mountain (section 84, N. W. quarter) black hornstone-like
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rocks occur which were formed by the metamorphism of the black
sbale of that region. Under the microscope these rocks show a
confused crystalline structure produced by the formation of
small flakes of mica, and the differentiation of the substance of
the shale into a mass of minute feldspar needles. The Paleozoic
rock which forms a small area in section 36 [on center line 1,000 ft.
(305m) west of center] (see page 24) and is some distance from
the igneous rock contains well formed, tabular feldspar crystals
which sometimes attain a diameter of 2mm. The rock in which
they occur is an arenaceous shale and occasionally contains
minute segirite crystals as well as feldspars. '

In many cases the sedimentary rock is scarcely altered, even
where it occurs very close to the igneous rocks. It is evident,
therefore, that sometbing more than mere proximity to an
igneous mass is necessary to form crystalline metamorphic rocks.

V. GENETIC RELATIONS OF THE VARIOUS KINDS OF SYENITE TO
EACH OTHER AND TO THE ADJACENT SEDIMENTARY ROCKS.

The relations of the various kinds of syenite found in the
Fourche Mountain region to each other and to the under- and
overlying rocks are not as simple as they at first sight appear.

It seems probable, however, both from petrographic and
chemical considerations, as well as from their geologic positions,
that the syenitic rocks of the Fourche Mountain region are very
closely related to each other and that they may be considered as
derived from one and the same magma which, on account of the
various conditions under which it cooled, has formed the differ-
ent kinds of rock occurring in the region.

It is evident from its coarseness and entire lack of porphy-
ritic structure that the gray granite (eleolite syenite) cooled
under pressure as a true intratelluric rock. The blue granite
(pulaskite), on the other hand, is decidedly trachytic or porphy-
ritic in its structure and cooling much more rapidly formed a
dike rock. It is easy to conceive of these rocks, as a whole,
being forced up through a break in the overlying rocks, and of
that portion which came up into the crack itself as being cooled
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more quickly than the mass which remained lower down and
was protected against loss of heat by the overlying rocks. These
overlying sedimentary rocks soon became heated through and
acted as covering, transmitting heat slowly, and allowing the
underlying igneous masses to cool gradually and to form true

intratelluric rocks*.
It seems more than probable that the overlying strata in the

Fourche Mountain region were comparatively thin, for it is
evident from many considerations that comparatively little
erosion of the Paleozoic rock has taken place since the igneous
rocks were intruded. The accompanying section, which is of
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Figure 7. Ideal section throughk a part of the Fourche Mountain region when formed.
A, Paleozoic rcck.

Gray granite (eleolite syenite )

Blue granite (pulaskite.)

Miarolitic eleolite syenite dike in Pulaskite.

Miarolitic eleolite syenite dike in Paleozoic rock.

Brown granite (eleolite syenite dike rock.)

G. Eleolite tingudite.

ahbabd

course somewhat idealized, but which is founded upon the
relations actually observed in the region near the southeast
corner of the mountain, shows the probable relations of the
various rocks to each other.

(A.) represents the overlying shales of Paleozoic age, which
dip sharply to the north and form part of the great anticlinal fold
described by Mr. L. 8. Griswold in Vol. III of the annual
:eport of the Geological Survey of Arkansas for 1890%.

(B.) represents the mass of underlying intratelluric gray

¢ The subject of the thickness of overlying rocks necessary to produce the formation of
bolocrystalline granitic rocks has been discussed by Brigger (Syenitpegmatitginge, p. 224.)
He comments upon the theories advanced by J. Lehmanu [Granulitgebirge, p. 55. Cited after
Brogger. (Syenitpegmatitginge, p. 225.) ] and others. Brigger's conclusions are to the effect
that a few hundred feet of overlying rock suffice for a covering which will make the igneous
rocks below completely {niratelluric in their character.

11t may here be stated that it is extremely probable that the weakness produced in the
strata by this folding was taken advantage of by the intrusive rocks in forcing their way
int) the overlying sedimentary formation. '
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granite (eleolite syenite) which at one point forced its way up
through the sedimentary beds forming the semi-porphyritic mass
of blue granite (pulaskite) (C) in the interior of which the gray
rock would be found could the ridge be penetrated to a sufficient
depth. \

(C.) represents the blue granite (pulaskite.) It is evident
that this blue variety cooled more quickly than the gray rock
and therefore assumed a more porphyritic structure. When
this blue granite (pulaskite) cooled, it cracked, on account of the
unequal contraction of the outside and the inside and allowed the
panidiomorphic granular dike rock (D) to appear. This latter
<consists, therefore, of some of the original syenite magma (B)
which, on being pressed up through the still hot, but already
-congealed blue granite (pulaskite) solidified very slowly as a
-coarse-grained, panidiomorphic dike. It is probable that a not
inconsiderable space of time intervened between the intrusion of
the blue granite (pulaskite) and the formation of the coarse
-aplitic dikes. In the case of the dike (E) the conditions were
:somewhat different, for here the coarse-grained dike comes up
through the overlying Paleozoic rocks and is still panidio-
morphic in its character. The only explanation of this which
-can be offered, is that suggested by Brogger for similar cases
{Syenitpegmatitgiinge, p. 231), in which it is assumed that the
Paleozoic rock was completely heated through before the injec-
tion of the igneous rock. In the case of the tinguditic rock (G)
near the same region (southeast of the mountain) it may be
assumed that its character is due to the thin cover of overlying
‘sedimentary rock in that particularregion. This condition would
be in complete accord with the high heating of the neighboring
Paleozoic rock, required for the formation of the coarse-grained
-dike just described, and would fit the case equally well if the
-porphyritic or tinguditic rock should prove to be, in part, a
metamorphosed shale and not an intrusive rock. The other
-dike (F) of brown granite (eleolite syenite dike rock) which ap-
pears in this region and which has a hypidiomorphic granular
-structure, would then be considered as the filling of a crack by a
wyenitic material which to some extent resembles both the blue
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and gray granite and which was intruded at the same time they
were.

All theee considerations point to a comparatively thicker
(still actually quite thin) covering of Paleozoic rock over the-
larger part of the region and to a thinner layer over the south-
eastern part of the area. As has already been remarked, the main
topographic features of the county, so far as the Paleozoic rocks.
are concerned, are considered by the writer to have been ap-.
proximately as they are now; all the folding and bending had
been completed and a large part of the erosion had been ac~
complished. 8ince the intrusion of the igneous rocks the over-
lying Paleozoic rocks which served as a cover have been eroded,.
and the Tertiary rocks have been deposited and also carried
away again, leaving only ‘here and there traces to show where-
they once were.

The occurrence of panidiomorphic syenite dikes cutting the
“trap” (fourchite) and allied rocks, as well as the adjacent Pal-.
eozoic shales near the south end of Allis Mountain can only be
explained by assuming that the fourchite is older than all the-
syenites, or that it was intruded after the blue and gray granites.
were formed but before the coarse-grained miarolitic dikes were
intruded. In the first case the augitic rock must either have
retained some of its original heat, or else, like the shales, must
have been heated by the neighboring masses of syenite before the-
younger syeoitic dikes were intruded. If the fourchite is.
younger than the blue syenite it would naturally retain enough
heat to make the intruding dikes of syenitic material coarse~
graived.

When the rocks of the Fourche Mountain region are com-
pared with those from Saline county, a strong likeness is found
to exist between the fourchite of the Fourche Mountain region.
and the dikes of black rock which cut the syenite in Saline
county. Without anticipitating too much, the Saline county
syenites may be said to resemble very closely the gray granite
(eleolite syenite) of the Fourche Mountain region, and Lence if
the two are considered identical the fact that the former are
cut by dikes similar to fourchite (including true monchiquite),
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would suggest that in the Fourchite Mountain region also the
fourchite is younger than the gray granite (eleolite syenite). *

If the sequence of the rocks of the Fourche Mountain region
suggested above be correct the rocks of this region were formed
in the following order :—

First: The magma from which the gray and blue granites.
(eleolite syenite and pulaskite) and the dikes belonging to them
were formed was forced up from below and cooled as described
(page 120).

Second: The fourchite was intruded.

Third: The pegmatitic and miarolitic dikes of syenitio-
material were intruded before the earlier rocks had entirely
cooled.

This is the probable sequence of the formation of the rocks.
of Fourche Mountain as far as the igneous rocks themselves are
concerned. Their relations to the sedimentary rocks are such
that little can be learned concerning the date of their intrusion,
but by a comparison of the facts known about the age of the rocks.
of the other regions (chaps. V., VIII. and 1X.) with those
known about this region, it is probable that the formation of
these rocks took place during the latter part of the Cretaceous or
the early part of the Tertiary period.

~The want of tufa, ashes, scoria, etc., indicates that these
rocks are intrusive and not effusive in their character, but the
same considerations and limitations as those suggested for the.
Magnet Cove rocks (chap. VIIL) must be regarded here.
Since the formation of the syenites the Fourche Mountain

* The other hypothesis which has, however, little but negative evidence to supportit, is.
that the fourchite is older than all the syenite masses and that after its intrusion they were
formed in the manner and the order detailed above. The only points in favor of this hypo-
thesis are the fact that no fourchite dikes have been found in the blue or gray granite of the
Fourche Mountain region, and the consideration that ouly one change from a basic to an acid
magma need be assumed, while in the accepted hypothesis a change from an acid to a basic-
and then from the basic back agaia to aa acid magma must be assumed in order to satisfy the
facts observed regardisg the mutual relations of these rocks.

The first of these points is of but little consequeoce since only a small area of gray
granite (eleolite syenite) in which fourchite dikes might occur is exposed. If dikes of fourchite-
occur in the blue granite (pulaskite) it is probable that they are covered up by blocks
weathered syenite and are invisible. In regard to the second counsideration it may be stated
that the change from an acid magma to a more basic one is the natural order of eventsand
that the inversion of this order is contrary to the general law of sequence of such rocks.
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region has been again partially submerged beneath the ocean.
During Tertiary times a deposit of highly ferruginous sandstone
was formed, and interbedded with this there is a deposit of
bauxite.* That the origin of this material is connected in some
way with the syenite is beyond doubt for it is only found in
comparatively close proximity to it in both the: Fourche
Mountain and the Saline county regions.

Two suggestions present themselves to account for the pres-
‘ence of this material, neither one of which seems completely
satisfactory. The first, and it seems to the writer the less prob-
able of the two, is that the bauxite is formed by the decomposition
of a bed of clastic material which was derived priucipally from
the syenite. In this way it might easily occur interbedded with
the Tertiary rocks as indeed it has been found, but it would be
‘natural to expect to find masses of undecomposed syenite scattered
through it. This, however, is not the case and beyond a few
-angular pieces of Paleozoic sandstone no foreign material has

‘been found in it.

In order to make such a theory as this tenable two trans-
formations at least must be assumed so as to account for the
material as at present found. It is well known that the
the common decomposition product of syenite is kaolin
{(Al,0;. 28i0, 4 2H,0) but in the case of the bauxite little or
no silica is present and the rock has a chemical composition rep-
resented approximately by the fermula (Al, Fe), O (HO),, in
which the aluminium and iron may replace each otherinall pro-
portions. In order, therefore, to produce such a compouud, some
agent capable of extracting the silica completely from the de-
composed syenite must be assumed. The only available agent
which could act in this way is a strong alkaline solution and it is
probable that such a solution would, at the same time, act very
-energetically upon the alumina itself. _

As the undecomposed syenite contains very little iron some
-extraneous source of this element must also be assumed and its
presence in quantities amouating in some cases to 50 per cent
must be explained by the infiltration of ferruginous material.

¢ See Vol. L of the annual report of the Geol. S8urvey of Ark, for 1889.
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The bauxite of the Westerwald and in the neighborhood of
Giessen, Germany, has been stated to be due to the weathering:
of basalt while that from other localities occars as odlitic grains
in calcite. In some cases where the Fourche Mountain syenite
has - partially broken down to kaolin, an odlitic or pisolitic
structure exists.

The second and more plausible theory is that the bauxite is.
- the result of hot spring action.

The water of the Tertiary sea penetrated to the still highly
heated igneous rocks and under the influence of the high
pressure and temperature dissolved the constituents of the.
granites and the neighboring rocks, but in very different pro-
portions, These substances were brought to the surface in.
solation and the water emerged in the form of hot springs, sur-
charged with dissolved matter. As soon as the pressure was
removed and the temperature wasreduced the excess of dissolved
matter began to precipitate in the form of a basic hydrate.
- of aluminium and iron, while the more soluble salts of the alkalies
were still held in solution. The continual bubbling and move-
ment of the water would result in the formation of concretions
about some small nuclei as is the case with the calcareous
Carlsbad spriidelstein, and by the solidification of these nodules
into a single mass the bauxite rock would be formed. Were the.
material carbonate of lime which is easily soluble in water con-
taining carbonic acid instead of the practically insoluble hydrate
of alumina there would be no trouble whatever in explaining
both its occurrence and its form by some such hypothesis as that
suggested.

The kaolin deposits near Fourche Mountain are principally
derived from the decay of the syenite in situ. Inregard to these
deposits, their distribution and extent, the State Geologist makes
a report in Vol. L., of the annual report of the Geological
Survey of Arkansas for 1889, and to this the reader is referred,
for farther information on this subject.
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DISTRIBUTION AND PETROGRAPHRIC CHARACTER OF THE
IeNEOUS ROCKs OF THE SALINE COUNTY REGION.
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II. Special Petrographic Literature.
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other and to the Adjacent Sedimentary Rocks.

I. DISTRIBUTION.

On referring to map IIL., it will be seen that the
“crystalline rocks” of Owen cover many hundred acres in
8aline county. The areas in which they appear are all
bordered by Tertiary and Pleistocene deposits and it is
more than probable that the syenite forms a continuous mass
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beneath this thin superficial layer. The syenite often
appears as loose blocks scattered over the sandy soil where
00 solid masses of rock can be found. Such areas, where
the soil is to a great extent formed by the disintegration of
ayenite, are represented on the map by small red dots over
the Tertiary yellow.

The general topography of the country is uninteresting.
In traveling from Benton to the syenite region, a distance
-of about 5 miles (8km), it is possible to keep along the tops
of the Tertiary ridges for the greater part of the way, only
now and then descending to cross from one to another
‘through the low boggy bottoms which lie between them.
None of theee ridges rise more than one hundred and fifty
feet (45m) above the general level of the country. ~The hills
-are heavily timbered with pine and post-oak but the soil is
thin and sandy and yields but little return to cultivation.

The igneous rock appears, for the most part, in large,
flat, horizontal or slightly sloping areas of smooth rock.
Where enough soil has collected on these areas to allow of it,
they are usually covered with a dense growth of cedars. It is,
however, quite common to find open spaces of bare rock an
acre or more in extent completely surrounded by a belt of
trees; such openings are known as ‘“cedar glades.” In
these glades the surface of the rock is generally smooth,
and it is not an uncommon thing to find spuces containing
several thousand square feet completely free from cracks or
Joints of any kind so that blocks of stone of almost un-
limited dimensions could be quarried from them.

At only three pointsin this area do the Paleozoic rocks
appear and in all of these cases they are more or less
metamorphosed. The most important of these Paleozoic
masses is known as Cedar Park * and contains about thirty
acres (12 hectares). It consists of a greenish shale which
is miuch altered and disturbed. The shale dips about 80°
north, but it is so broken that this determihation is very un-
certain. The hill is covered with a luxuriant growth of

*»Township 2 8., range 14 W., southeast quarter of section 16. See map III a,
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cedars and presents a very striking appearance when com-
pared with the bare igneous rocks which immediately sur~
round it. It is cut by several dikes of both syenite and
monchiquite, which will be more minutely described later.

About fifty yards (45m) southwest of Cedar Park,
across a deep cut in the igneous rock, another small mass of
sedimentary rock, known as “Gold Hill,” occurs. It is not
more than one or two acres (0.4 to 0.8 hectares) in extent
and is surrounded on three sides by syenite, but is bounded
on the fourth, the southwest side, by Tertiary sandstone.
It is probable that this hill once formed a part of the Cedar
Park area and was separated from it by erosion.

The third point* where the Paleozoic rocks appear is
just south of the north line of section 21 and lies due south
of the Cedar Park region. The rock in this case is an
included block of shale about 6'x9’ (1.8x2.Tm.) and has
somewhat the form of a flat-iron.  (Fig. 8).

Fig. 8. Mass of Paleozoic rock included in eleols ite. Scale—1:86.

4

The shale shows its original stratification very distinctly,
and in some places syenite has forced itself in between the
layers of the sedimentary rock in such a manner as to curve
them away from the main mass. Inother placesit has filled

* The thanks of the Burvey are due to Mr. S8olomon Nethercutt, the owner of the greater
part of section 16, for his help in finding this and many other localities which will be
mentioned in the course of this chapter, as well as for his assistance and guidaace in obtaining
the data for the small topographic map of the region. (Map IIL a.)
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cracks which cut across the original stratification planes.

With these exceptions the syenite is everywhere
bounded by overlying sandy deposits. ‘

As has been stated, the main portion of the syenite con-
sists of a gray variety of rock which resembles very closely
the gray granite (eleolite syenite) of Fourche Mountain
and only in a few places does anything which approaches
the blue granite (pulaskite) appear. The principal point
at which the latter rock is found is in the northwest
of the northwest quarter of section 23, where it forms several
narrow mounds of loose blocks, 20 feet (6m) high by 100
feet (30m) wide and 500 to 1000 feet (150 to 300m) long.
This rock weathers into angular blocks and resembles
macroscopically in every way the blue granite (pulaskite) of
Fourche Mountain. Itisdesignated in this report as porphy-
ritic syenite.

In the southeast quarter of section 14* rocks occur
which show an inclivation toward the theralite group. It
is evident that they constitute a large mass of rock in that
region and that, like the light colored eleolite syenite, they
form large, flat surfaces of solid, unbroken rock. Macroscop-
ically they are indistinguishable from the elealite syenite-
8o that, withont making thin sections of all the rocksin the
neighborhood, it is impossible to judge of their extent.

In order to avoid a detailed and uninteresting descrip--
tion of the igneous area the reader is referred directly to
map III. On this map the principal masses of igneous rock.
are indicated by special colors; and the narrow dikes of
intrusive rock of both the monchiquitic and syenitic types.
are numbered and are referred to in the general table..
(Chapter XIII.)

II. SPECIAL PETROGRAPHIC LITERATURE.,

The only mention of the occurrence of the lrarg&
masses of igneous rocks in Saline county are notices by W.

¢ On and near Mrs. Monlux’s property,
9 Geological; Vol. ii., 1890,
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B. Powell, D. D. Owen and F. L. Harvey, in their already
quoted works.

Powell* mentions having heard of this region and having
8een hand specimens from the locality.

Owen, t says: * As in Pulaski and Hot Spring counties,
we have, in Saline, small areas occupied by crystalline rocks.
One of the principal protrusions of granite in this county is
iu Township 2 8., Runge 14 W. 8ome of this granite is
quite porphyritic, the feldspar crystals standing out in
prominent relief on the weathered surface. Some of this
granite hasa graphic appearance, and there are disseminated
through it crystals of hornblende and (schorlamite?). Some
" of this rock looks very much like zircon granite.”

Harvey { remarks, “ Typical granite occurs in Fourche
Cove, Saline county, and Magnet Cove.”

III. PETROGRAPHIC DESCRIPTION OF FELDSPATHIC ROCKS.

A, Eleolite Syenite.
1. Orthoclastic Eleolite Syenite.
a. Physical Properties.

Use—The orthoclastic eleolite syenite occurs in large
masses and has been quarried to some extent. It is con-
siderably used in the immediate neighborhood and limited
quantities of it have been shipped away. It is probable
were better facilities for transportation aftorded that it would
become an important stone for architectural purposes. The:
rock takes a good polish, as is shown by a small headstone
muade of this material which was exhibited at the Little
‘Rock Exposition of 1887, and which is now in one of the
stone-cutting establishments of that city.

Color and structure—It is a light gray rock with oc-
casionally a pinkish or buff tinge given it by the flesh

© (eological Repor. o « Fourche Cuve, etc, p. 6.
+ Seco d Report of a Geoiogic ]l Reco ‘noissance of Arkansas, etc., p. 107,
t Mineials and Rocks of Arkausas, p. 31.
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colored or yellowish eleolite crystals. In general it is coarse
grained but it varies extremely in this regard. It presents
macroscopically a trachytic structure, which occasionally
inclines towards a porphyritic structure on account of a
dimioution in the size of all the constituents except the
feldspar.

The color and the general arrangement of the coustit-
uents of this rock are shown by a chromo-lithograph of a
pulished surface (see plate 1, frontispiece).

A pegmatitic appearance is very common and is due to
the peculiar arrangement of the large tabular feldspars.
Feldspar and eleolite are easily recognized macroscopically
but the basic silicates present are usually too small to be
identified by the nasked eye.

Strength.—The resistance to crushing exhibited by blocks
-of this stone which, however, were not perfectly fresh, was
determined by tests precisely similar to those made on the
othersyeunites. (See page 428eq) The results are as follows: —

Pressure* per square inch under which cube v

crumbled......... cerresaeerosesrnseseesnenssnsncses 20,500 Jbs.

Corresponding pressure in 2 inch cube calcu-

lated by cubic parubola formula............ 22, 350 «

From this it appears that this rock is about us strong as
‘the strongest true granite. Under the chisel it works much
more easily than most of the granites and might, therefore,
‘be used to advantage for carved work for interior decoration.
Exposed to the weather this rock does not appear to stand
very well. The refuse chips from some blocks quarried ten
-or tifteen years ago for building chimneys and making door-
steps have been left exposed to the weather in the open pits
where they were first broken. These show, almost without
-exception, a decided tendency to crumble on the edges and
when broken with a hammer do not yield sound specimens.

* this test like th se upon the Fourche Moun a n rock was made upon a cube less than

€ woioches »n «n «d¢e. The figures ubtai ed from he test before reduction are as fu lows :—
Area of su:face over which pressure was distributed ........ceevveeee oo 214 8q in.
FUBLING 10U craecree erueneentiacessncs sosensonessoassrsaces sunsassesesssnsssassssnssassrases sanes 48,000 Ibs,
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Jt would appear from this that the rock is not suited to
outside work but might well be used forinterior construction.

Weight—The following physical properties have been
determined :—

AbSOrptiveness..cccecsceenccccscaceeeneariieenns 1:658
Specific gravity . 2.603
Weight per cubic f00ot...c.e..cccvreeranneraee 162.68 lbs.-
Weight per cubic meter...........coceeeeee 2605.82 kilos.

b. Mineralogic, Microscopic and Chemical Investigation.

Under the microscope the structure of this rock is seen
to be hypidiomorphic granular often with a pegmatitic ar-
rangement of its constituent minerals.

Orthoolase is by far the most important constituent of
the rock. It forms large white opaque crystals 10 to 15mm
in diameter which are usually tabular parallel to the clino-
pinacoid (010) and are commonly twinned according to the
Carlsbad law. Under the microscops they are occasionally
opaque about the edges with transparent centers, but they
are also often completely transparent. The cleavage-planes
parallel to the base (001) and clinopinacoid (010) are very
distinctly marked by the cracks across the crystal. In the
opaque varieties these appear as light lines across a grayish
field. An indistinct separation has also been observed in
another direction and is probably parallel to some one of the
orthodomes (compare page 74.) Insome cases a secondary
filling in of these cracks and a bordering of the whole crystal
by a transparent, colorless substance has been observed.
This material has a medium double refraction and a low
index of refraction, but its extinction is sharp. In the cases
where it fills the cracks of the crystals it is in the form of
very slender wedges whose bases are in the faces of the
crystals. The material presents the appearance of albite*
but its character has not been definitely determined. The
orthoclase is decidedly microperthitic in its structure and is
very rich in gas and liquid inclusions.

¢ Compare Rosenbusch, Physiog. IL., p. 81.
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Eleolite appears in this rock in crystals which are often as
much as 10mm in diameter. Itis usually of a flesh-pink,
oily-brown or yellow color and may easily be recognized by
its greasy appearance. It occasionally appears in well de-
fined crystals, but as a rule it is bounded by the surrounding
feldspars. Under the microscope it is transparent and is
easily distingunished from the semi-opaque orthoclase which
surrounds it. It seems in very few cases to have undergone
the decomposition which is so characteristic of it in the
rocks from the Fourche Mountain region. Itsdouble refrac-
tion is higher than that of the already described species and
the sections extinguish sharply between crossed nicols. In
convergent polarized light a comparatively sharp, black
cross appears which, when tested with a mica plate, shows
the character of the double refraction to be negative. The
eleolite often .contains many included basic silicates; in
eome cases these appear only in the eleolite and not in the
other constituents of the rock. The alteration to analcite,
although not nearly so comwmon as was the case in the
Fourche Mountain rock, has been observed in the rock from
some localities in the Saline county regioun.

Sodalite has been observed in perfectly isotropic masses
which are wedged in between the orthoclase crystals in the
same manner a8 the eleolite, and they can only be dis-
tinguished from the latter by their total lack of optic activity.
The cleavage cracks are indistinct wnd no indication of the
crystal form can be obtained from them, The crystals are
usually clear and show little or noindication of alteration.

Basic constituents consisting of biotite, amphibole and
pyroxene are grouped together in somewhat the same way
in which they appearel in the blue granite (pulaskite) of
Fourche Mountain. The biotite is evidently the oldest of
the three for it is always idiomorpically bounded where it
comes iu contact witu the amphibole and pyroxene. (See
p. 61).

Biotite forms smull plates seldom more than 2 millimeters
in diameter. They are often elongated in the direction of



134 ANNUAL REPORT STATE GEOLOGIST.

one of the lateral axes so as to form long narrow plates.
The optic axis angle is extremely small and the extinction
is at right angles to the cleavage-planes. The pleochroism
is between yellow and brown and the absorption is medium.
The crystals are remarkable for the immense numbér of
inclusions which they contain.. These inclusions are in the
form of neatly terminated colorless crystals which often
attain a length of 0.1mm. They are prismatic in form and
are truncated by an oblique plain which makes an angle ot
about 70° with the vertical axis, The index of refraction.
and the double refraction are both high. The extinction in
sections approximately parallel to the clinopinacoid (010) has.
been observed to be about 25° and the axis of least elasticity
lies in the acute angle 8. This would indicate that the in-.
clusions are allied to hornblende. Crystals of titanite are
often included in the plates of biotite.

Pyrozene appears as diopside and forms crystals which
occasionally attain a length of several millimeters and re-
semble very closely the forms described under gray granite-
(eleolite syenite). (p. 77). In this case, however, the green
edges are somewhat broader and the centers are more
distinctly separated from the outside zone. The angles of
extinction, as measured on the inside and outside, are
respectively 84° and 8°. The crystals contain a few large
inclusions of other minerals, notably of biotite and apatite,
and gas inclusions. Liquid inclusions have not been
observed.

Amphibole occurs associated with the diopside and is.
generally a much more important mineral than the latter.
It is the youngest among the basic silicates and in many
1nstances it surrounds all the others. Cases occur, however,
in which it is in turn surrounded by diopside. It occursin
black crystals two or three millimeters in length which,
in thin sections under the microscope, are of a beautiful
bluish green color. They are seldom well terminated and
usually show evidence of having been corroded on the
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edges by the action of the magma. They are decidedly
pleochroitic according to the following scheme : —

parallel a light greenish yellow.

parallel b blue-green.

parallel ¢ blue-green.

The absorption is b=c>a.

The amphibole appears from the foregoing facts to be
allied to the arfvedsonite group and it probably contains a
considerable amount of sodium in its composition. Its color,
although the same as that of the diopside, is easily
distinguished from the latter by the different shades which
it assumes. While the diopside is of a grass-green or yellow-
green, the amphibole has in all directions, except one,
(parallel a) a bluish tinge in its color, and by revolving the
section the bluish shade must appear in one position or the
other, This is not the case with the diopside whose only
change in color is between various shades of yellowish green.
After having once established these difterences, by observa-
tion on sections where the characteristic cleavage cracks are-
visible it is a simple matter to apply them in other cases.

The amphibole contains inclusions of the other basic
silicates and notably of diopside. The latter occurs in it as-
small irregular plates which are characterized, as has just
been described, by their yellowish green color. They give:
to the amphibole a spotted appearance.

Titanite appears frequently in this rock and always in its.
characteristic forms. Twins are rare,

Apatite and magnetite are both present, the latter in large:
crystals which often include the former.

An analysis of this rock was made by the Survey, W. A.
Noyes, analyst, and gave the following results :—

Analysis of orthoclastic eleolite syenite.

[ 1 0 RN 59.62
AL Ogecnnennneninieisnreeccssssssensannns - 18.67
Fe,0, and FeO..........cccccvneenee 5.07
L7 10 LN 1.80
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K,O.ueeeeeee ceeereninns cersenteaninas 5.65
N8,0. eeeeeeesniennnns 6.95
LiO;.ceeces erasenase ssestensensnanrerass trace
H,O (loss on ignition)............ 0.80
Total.....ccecvcrvereneeceneennne 99.40

It is evident from this analysis as well as from the pre-
ceding mineralogic description that this rock is almost
identical with the gray granite from the Fourche Moun-
‘tain region. It appears also to have much in common with
‘the eleolite syenite, described by Brogger (Syenitpegmatit-
.ginge, p. 33) as laurdalite, although like the similar rock
from Fourche Mountain its silica is too high to make it com-
pletely identical with the Norwegian variety.

2. Plagioolastic Eleolite Syenite.

Although in its general appearance and mode of occur-
rence this rock is so like the preceding that it has not been
possible to draw a sharp line of distinction between the two,
still it seems necessary to describe the two separately, both
because of the rarity of this variety of rock in the region
and because, for several reasons, its description cannot be
satisfactorily combined with that of the purely orthoclastic
variety. As has already been stated (p. 129) the plagio-
clastic rock appears in precisely the same form in which the
orthoclastic eleolite syenite occurs and constitutes large flat
areas similar to those which were characteristic of the latter.

Structure.—Macroscopically the plagioclastic eleolite
gyenite has a pinkish color which is due to the eleolite
crystals and it is dotted here and there with large black
pyroxenes. Its structure is somewhat similar to that of the
rock just described, but may be considered to be more truly
granitic. It consists of a holocrystalline granular combina-
tion of eleolite, orthoclase, plagioclase and pyroxeue,

The eleolite crystals are the first to catch the eye. They
make up at least 25 per cent of the rock and are charac-
terized, precisely as they were in the orthoclastic eleolite
sycnite, by their oily appearance and brownish pink color.
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They have been observed in some cases to be as much as 5
‘millimeters in diameter.

The basic silicates found in the rock are usually small,
but occasionally a large pyroxene crystal (5 to 10mm long)
-appears. The pyroxene is then easily recognized macros-
~copically by its black color and its prismatic angle of 93°.

The feldspathic components form small, white crystals,
:seldom more than 2 millimeters in length. There appears
to be vo recurrence of crystallization of the same mineral
and therefore no truly porphyritic structure, although the
-difference in size of the various components occasionally
-causes the rock to present such an appearance,

Eleolite, when microscopically examined, is found to be
identical with that of the orthoclastic eleolite syenite and
“its properties need no further mention. It is usually fresh,
but in a few cases the formation of secondary products has
been observed. )

Orthoclage is much less common than the plagioclase but
when present it forms the same dull, semi-opaque, tabular
-crystals that characterized it in the orthoclastic rock. In
the plagioclastic rock the crystals are somewhat thicker, are
free from inclusions, and the intergrowth with albite is less
“frequent. '

Plagioclase occurs as fresh crystals which show a sharp
-extinction and are characterized by polysynthetic twinning
according to the albite law. The individuals are frequently
& millimeter in length (section) and about one-third that
“thickness. They are thin tabular parallel to co Pso (010) or
prismatic parallel to a, and are seldom, or never, perfectly
terminated. Measurements made on & number of crystals
which showed equal extinction angles on both sides of the
composition plane gave as a mean angle 15°. This indicates
thut the plagioclase belongs to the labradorite group, but the
chemical analysis of the whole rock shows so little lime that
‘these results are open to doubt. '

The albite law of twinning appears to be the only one
‘which is of importance. The pericline law has not been
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observed. Owing to the minuteness of the crystals and
want of time no gravimetric separation ot the feldspars was
attempted. It is evident, however, that such a separation
and the subsequent analyses of the material obtained would
be of much value in determining the character of the plagio-
clase of this rock.

Pyrozene.—The ouly member of the pyroxene group
which has been observed is @girite. Although a few large
crystals have been found this mineral usually appears as
slender needles bounded by coP (110) and oo P& (100). The
ends of the vertical axis seldom show any truncations, but.
in one or two instances the base (001) and the principal
negative pyramid (?) (111) have been observed. The actual
linear relation of the crystallographic dimensions (not the
axis ratios) which have been observed on the smaller crystala.
may be expressed by the following ratio :—

z:y:2¥=5:1:25

In sections at right angles to the vertical axis the
cleavage-cracks are remarkable for their sharpness and
abundance.

Pleochroism is quite marked and the colors, between,
which the variations take place, are as follows :—

parallel a grass-green.
parallel b yellowish green.
parallel ¢ yellowish green.

The angle of extinction in sections parallel to the
symmetry-plane seldom exceeds 4°. .

The index of refraction is high—higher than that of the-
Canada balsam—so that the sections present a slightly rough
surface. The edges of the crystals are usually bounded by
narrow, black bands which are produced by the total refrac-
tion of light. The double refraction is strong and the
crystals exhibit high polarization colors.

These crystals seldom occur in groups but are usunally
found scattered singly among the other coustituents. They

© These lotiers represeat the rectangular axes whose positions are such that z lies in,
the same plane with aand makes this angle 15°49’ with it; y lies parallel to d and = parallel to o
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appear very frequently included in the eleolite. ~Many of
them are of secondary origin.

Titanite is rare and apatite and magnelite have not been
observed. The rock is on the whole very poor in dark
colored components and phenocrystic minerals of the first:
generation.

Decomposition products.—In the case where the eleolite
has been decomposed there appear, lying in an isotropic or
weakly anisotropic groundmass, bunches of minute needles
which were proved by means of a selenite plate to possess a
positive double refraction. Other larger spaces when tested
in the same way gave similar results. It is probable, there-
fore, that these needles should be referred to ranite * of Paij-
kull or hydronephelitet of Clarke and Diller, but want of
time has prevented any experimental proof of this supposi-
tion.

A chemical analysis of this rock was made by the
8Survey, W. A. Noyes, analyst, with the following results :—

Analysis of plagioclastio eleolite syenite.

Bi0;.cceesansreccesrranens ceesenane cesenes 58.74
ALO;.ccccernniennes cenee : 20.85
Fe,0; coeeeenenrsicnnanrninienneneeinenee 416
CuO ....ccuee. 0.36
). 13 0 TR 022
K_O........ ceerens seetesssannnnnnseressane 4.23
N8O it erverneesansssessssenasaseses 9.72
H,0 (Ignition)...ccccees eee vunnnneae 1.82

{1 17:) (O . 100.09

The analysis shows the similarity between this and the
orthoclastic eleolite syeunite and at the same time the excess
of sodium over the potassium indicates that the plagioclastic
rock is much richer in sodium feldspar, and probably also in
eleolite, than the orthoclastic variety, The small amount of
lime in the rock indicates that the plagioclase is albitic in its

¢ 8. R. Paijkull, Min. Notizen. Inaug. Dissertation, Stockholm, 1875. Cited after
Brigger (Syenitpegmatitg&nge, p. 233). In English iacorrectly spelled rauite.

t F. W. Clarke, Minerals of Litchfield, Maine, Am. Jour, 8ci., Series 8, Vol. XXXI.
1886, p. 267.
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composition and not labradoritic as was indicated by the
extinction. The rock approaches a theralite in its mineralogic
and chemical composition, but that it should not be called
such is evident from its genetic relations aud from the fact
that accessory plagioclase, even in considerable quantities,
is8 by no means uncommon in true, orthoclastic eleolite
‘gyenites.

B, Porphyritic Syenite.

In the short description that was given (p. 129) of the
Saline County region the occurrence of a porphyritic variety
of the syenite was mentioned. This occurs in the northwest
quarter of the northwest quarter of section 23,* and it is
-also found at several other points, but the quantities are so
insigoificant as to.be unworthy of special mention. The
rock is of a bluish gray color and resembles very closely the
blue granite (pulaskite) of the Fourche Mountain re-
gion, except that in this case the amount of augite present
is much less than the amount of hornblende, and the eleolite
is entirely wanting. It shows a similar but more marked
trachytic porphyritic structure, produced by the large
:grayish orthoclase crystals lying imbedded in a fine-grained
base. The only minerals which can be detected macroscop-
ically are the orthoclase, which occurs in comparatively
large crystals characterized by their perfect cleavage, and
titanite, which appears in small, resinous, yellow crystals.
‘Occasionally black prisms show the presence of some basic
silicate but they are too small to allow of a macroscopic
-distinction between pyroxene and amphibole.

Under the microscope the porphyritic character of the
rock is immediately evident. The large orthoclase crystals
-are usually much rounded and lie in a fine-grained, hypi-
‘diomorphic granular base made up of smaller crystals of
orthoclase and the basic silicates.

Orthoclase occurs in large crystals, tabular parallel to the
-<clinopinacoid (010), which often reaches 10 or 15 millimeters

* Nos. 277, 278 and 279 of the genural table in Chap. XIII,



SALINE COUNTY REGION — PORPHYRITIC SYENITE. 14»

in its greatest dimension. The crystals are of a bluish gray
color and cleave readily parallel to the base (001), showing-
a mother-of-pearl lustre on the cleavage-planes.

Uunder the microscope they are seen to be much cor-
roded and evidently belong to the older coustituents of the.
rock. They are often quite opaque and show sharply defined
cleavage-cracks like those previously described in similar
crystals (p. 182). They appear to be comparatively free
from any admixture of other feldspathic material and it is
only in extremely rare cases that any tendency towards a.
microperthitic stracture has been observed.

Amphibole is by far the most important basic silicate in
the rock. It occurs in prismatic crystals which are two or-
three times as long as they are broad. Under the microscope
it is of a greenish blue color and is in every respect identical
with that just described under the head of eleolite syenite
(p. 184), and should probably, like that, be counsidered as.
belonging to the variety arfvedsonite.

The crystals of amphibole are often very much corroded
and they frequently include quantities of feldspathic substance
which has in some cases evidently eaten its way into the.
interior of the crystals and there crystallized in small indivi-
duals. In other cases this feldspathic material was probably
an original inclusion of magma which afterwards assumed
the form of a fine-grained orthoclase in exactly the same
manoer a8 the groundmass. In some cases the amphibole
crystals are entirely made up of smaller-ones which are then
usually arranged in parallel positions, but small individuals.
are occasionally found which are not in such a position.

. Biotite, when it occurs, is usually much corroded and is
often surrounded with small crystals of secondary origin.
In other respects its characteristics are normal.

Pyrozene has seldom been observed. When it does.
occur, it forms large crystals which exhibit a decided zonal
" structure and are surrounded with amphibole. It is of the.
variety diopside whose physiography has already been
sufficiently described.
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Titanite occurs in large quantities in all the sections, often in
large idiomorphic crystals, but more commonly as small,
rounded globules which possess a very high index of refraction.
These are of a yellowish color and stand out distinctly from the
rest of the section. One of these when tested in convergent
polarized light gave the characteristic interference figure of
titanite. In other respects they present very much the appear-
ance of the perofskite grains described by Diller, Brackett, etc.
(see chap. X1IV).

Apatite is rare. .

Magnetite is present in large crystals, but as it is always
surrounded by a band of leucoxene, titanite or some other
titaniferous mineral it is probable that it is itself highly titani-
ferous.

The groundmass consists of small allotriomorphic orthoclase
crystals and some amphibole which are so massed and dove-
tailed together as to form a perfect mosaic. The orthoclase
crystals are distinguished by their moderate double refraction
and the fact that in convergent polarized light a single optic
axis often appears. These crystals are often dotted over with
minute maguetite crystals which do not seem to be titaniferous
like the larger ones and in many cases appear simply as a fine
dust. The small globular titanite grains already described
occur very frequently in the groundmass and increase its gener-
ally dirty appearance,

In some of the sections circular spots often as much as a
millimeter in diameter occur, which either contain nothing but
the small orthoclase crystals just described, or else orthoclase
crystals among which are scattered comparatively large plates of
amphibole. These plates are often arranged in concentric circles,
resemblinvg very much the arrangement of the inclusions in
leucite. The exterior form of these “groups’ of orthoclase is not
sharp, but in every case in which these spots have been observed
they are approximately circular or else form regular polygons.
It appears as though there had been a tendency to form some
regular crystal but that, instead of assuming its regular internal
structure, the crystal had become a mass of orthoclase which, to
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some extent, preserved the external form of the uncompleted
crystal. The ground for such a supposition will be found in the
consideration of the pseudomorphs of orthoclase and nephe-
line after leucite described later. (Chapter VIL 11. C. 1).

As neither eleolite nor any of its decomposition products
have been observed this rock has been classed as a porphyritic
syenite. It is probable, however, from its mode of occurrence that,
had the conditions been right, eleolite would have been formed.
It is, therefore, in reality to be comsidered as genetically con-
nected with the eleolite syenite and as bearing precisely the
same relation to it that the pulaskite of the Fourche Mountain
region bears to the eleolite syenite.

C. Syenitic Dike Rocks.
1. Eleolite Syenite Pegmatite Dikes.

In several places in the great masses of eleolite syenite
and especially in those of the southeast quarter of section 16,
dikes of pegmatitic rock occur, which range from a few inches
to several feet in width. These are for the most part coarse-
grained and in several cases contain ores of lead and other
metals in small quantities. The positions of these dikes are
indicated by the orange-colored lines on maps III. and IlL. A,
which are pumbered as follows: 243, 249, 252, 258, 259, 261,
263.

Macroscopically they consist of a combination of orthoclase
and a small quantity of some dark colored basic silicate,
associated with the metallic sulphides when such are present.
The general appearance of the rock is pegmatitic.

Microscopically the orthoclase is microperthitic in its
structure and is somewhat weathered in spots. The basic
silicates with few exceptions consist of @girite in the form of
masses of small yellowish green, acicular crystals. These are
often grouped together in irregular masses as if they had been
formed by the decomposition of some older winerals, In a few
cases they are of larger size and show a distinct cleavage parallel
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to the prism faces. The pleochroism and other optic character~
istics are such as have already been described. Amphibole and
biotite are of much less common occurrence than the sgirite.

Eleolite occurs in large crystals which usually occupy the
interstices between the orthoolase crystals and take their form:
from them. I a few cases, however, they are idiomorphically-
bounded and then the structure becomes truly panidiomorphio-
graoular, while in the other cases it is only hypidiomorphio
granular.

There is so much difference between the various dikes that
many of them must be taken up separately and their peculiarities.
described. It is to be understood that only those points are
mentioned in which the dike in question differs from the others.

Dike No. 248 (See map IIL. A.) This is fine-grained and
shows stout orthoclase crystals intergrown with albite (?) io
microperthitic arrangement and also to a great extent sur-
rounded by it. The albite is white and fresh and shows sharp
extinction and negative double refraction. A plagioclase has been.
observed which is probably labradorite but it can only be con-
sidered as an accessory component. Amphibole and biotite occur-
in minute crystals, intimately associated with titanite and forming
with it small bunches of colored crystals.

Dike No. 261. At least 80 per cent of this dike consists of
flesh-colored or yellowish eleolite which is partly fresh and
partly altered to long, slender decomposition products. These
show a very strong double refraction which suggest the presence-
of cancrinite (see chap. VII. 11. B. 1) Aegirite occurs in
slender needles and gives a greenish color to the rock. Ortho-
clase is present ovly in small quantities but is usually not quite
fresh and therefore presents a semi-opaque appearance under the
microscope.

Dike No. 263. This is coarse-grained and shows large,
microperthitic orthoclase crystals often 10 to 15 millimeters in
length, which are tabular parallel to the clinopinacoid (010).
Between these are found large crystals of eleolite, often much
decomposed, in which crysials of sgirite and occasionally of
amphibole are imbedded. These wmgirite crystals are of two
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generations ; large, idiomorphic primary crystals, and' small,
idiomorphic acicular crystals of a later formation.

Dike No. 252. This small dike is only a few meters long:
and pierces the Paleozoic rock of Cedar Park. It is peculiar im
that it contains both quartz and plagioclase.

The orthoclase ocours in stout idiomorphic crystals which
are often prismatic. Under the microscope it is distinctly
microperthitic. The plagioclase is very ecarce and occurs only
in small crystals. From its extinotion angle it appears to belong:
to the labradorite group. The quartz is in small masses in-
cluded between the feldspars. It is sharp in its extinction and
in a section which remained almost dark during a eomplete rev-
olution of the stage showed in convergent polarized light am
indistinct black cross which, when tested with a mica plate,
indicated the positive double refraction of the mineral. The
only basic silicate found is a bluish green amphibole which
ocours in large crystals very much corroded around the edges.

In this rock both the plagioclase and quartz are accessory
minerals. It is probable that the rock took up the silica
necessary to form the quartz from the Paleozoic rock through
which it passed.

Dike No. 249. This is of a dark yellowish brown color andt
is very fine grained. It is spotted with dark flecks 8 or 4mm
in diameter which appear to contain small quantities of galenite.

Under the microscope the rock is seen to consist of small,.
lath-like feldspatr crystals very irregularly arranged. Many of
these show a polysynthetic twinning, while others are made nup-
simply of two individuals in Carlsbad combination. It is prob-
able, however, that the majority of these are orthoclase. The
only basic silicate which is recognizable is amphibole ; the rest, if"
others there be, are too much decomposed to be determined.

This rock is so completely holocrystalline and any tendency
to a porpyritic structure is so entirely wanting that, notwith—
standing the allotriomorphio character of its crystals and its fine-
grain, it has been classed among the aplitic dikes.

It appears from the foregoing that these several pegmatitie
10 Geological; Vol. ii., 1890,
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dikes can hardly be considered as all of one kind, and yet it is
probable that they were all formed from one magma and that their
variations are due more to the different ways in which they
cooled and to the difference in the side walls between which they
are included than to any difference in the composition of the
magmas from which they were formed.

2. Porphyritic Dikes.

The eleolite syenite is cut by numerous dikes which are
porphyritic and not pegmatitic in their structure and do not re-
semble those just described. Two distinct types of these have
been observed and they differ from each other so completely that
they are described separately.

a. Agirite Tingudite.

Dike No. 262. This is a dark, almost black rock showing
white, thick prismatic, porphyritic feldspars which often reach a
diameter of 4 or 5mm. This rock grades imperceptibly into a
dense, grayish rock in which the feldspars are gray and less con-
spicuous but still give a perfectly porphyritic structure to the
dike. This dike is about 1.5 meters (5 feet) wide and has been
traced for a distance of about 6 meters (20 feet).

Under the microscope the porphyritic character of the rock
is very evident. The large phenocrysts of orthoclase show a
thick prismatic form and are usually much rounded, although
they occasionally show a very sharp contour. The sections are
asually in the form of rhombs or wide rectangles which give a
peculiar, spotted appearance to the rock. They seldom show any
indications of an admixture of other teldspars but are com-
paratively homogeneous in their composition in so far as other
teldspathic substance is concerned. They contain numerous
minute gas-pores which are all elongated parallel to the vertical
axis of the crystals and give a dusty appearance to the sections
when seen with low powers under the microscope. Basic
silicates of the first generation do not now exist but skeletons
remain to show that they were at one time present. Tbus, there
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are black masses of magnetite (?) and secondary biotite so ar-
ranged as to show that a long prism of some basic silicate was
once present but was destroyed by some subsequent action
80 that nothing but the skeleton remains.

Eleolite and sodalite have not been observed.

The groundmass is holocrystalline and consists of a mass
of allotriomorphic orthoclase crystals often arranged more
or less radially. These crystals vary greatly in size, the
largest being about 0.2mm in length while the smallest
are almost below microscopic dimensions. The larger of
these small individuals are generally twinned according to the
Carlsbad law. They, like the phenoorysts seldom contain
other than orthoclastic material. Among the orthuclase crystals
there are acattered innumerable, minute flakes of biotite which
are evidentlyof a very late formation since they never show
idiomorphic forms.

Magnetite and titanite occur both among the phenocrysts
-and in the base and present no peculiarities worthy of mention.

This sgirite tingudite resembles in many respects the
rhomben-porphyr of Norway (Syenitpegmatitginge, p. 36),
which has been described by many writers, but is not identical
‘with it.

b. Eleolite Porphyry. *

This constitutes a dike (No. 267), which occurs in *¢ Lett’s
'mine,” t an old shaft which was sunk in a search for precious
métale some years ago. The dike runs approximately north and
gouth and is about 30cm (1 foot) wide. Itdips50° 8, W., and is
cut at an angleof 60° by a dike of monchiquite. (See this
chapter, 1v. B., Dike 266.) The porphyritic dike is of a greenish
-color and shows lighter spots which are easily recognized as
eleolite.

Under the microscope it is seen to consist of perfectly trans-
parent, colorless eleolite or nepheline crystals 5 or 6mm in
-diameter, which are so rounded on the outside that no crystal
form appears. They are imbedded in a fluidal mass of yellowish

® For a fuller description of this type of rock s:e ehapter ViI. 1. B. 3,
128, 14 W., section 21, near center of north line of northeast quarter.
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green sgirite needles which give a porphyritic appearance to
the rock.

The eleolite is generally perfectly fresh, but it is some-
times surrounded by a narrow rim of calcite and in rare
cases has been completely altered to other minerals. It contains.
needles of egirite as inclusions and occasionally caloite and other
decomposition products in very small quantities. Sections.
which remain dark in parallel polarized light give, when ex-
amined in convergent polarized light, a black cross which, when.
tested with a mica plate, shows the negative character of the.
double refraction of the mineral.

Orthoclase occurs sparingly in idiomorphic crystals, making:
up about 10 per cent of the rock while the eleolite constitutes.
at least 50 per cent of the whole.

The orthoclase is tabular parallel to the clinopinacoid (010),
and is somewhat kaolinized.

Plagioclase appears usually in small, stout prisms but has.
been observed in larger ones which sometimes reach 0.5mm in.
diameter. The twinning lamellae are very distinct and the ex-
tinction measured on a few sections indicates that the plagioclase.
belongs to the labradorite group.

Basic silicates.—The only basic silicate which has been.
observed in any quantity is segirite. It appears in large pheno-
crysts of a yellowish green color. These are, however, un~
common and it usually occurs in small needle-like prisms which
are often very long and extremely slender. These needles have
been observed in some specimens to be at least one hundred
times as long as they are broad. They are perfectly straight bat.
are occasionally cut transversely by irregular cleavage-planes.
The other properties of this mineral are precisely those of the
wmgirite needles described elsewhere. These crystals are, how-
ever, primary and not secondary in their formation. 1n most of*
the thin sections of this rock which have been examined these
small egirite crystals are seen to form a perfect “flow structure™
about the eleolite and large phenocrystic smgirite crystals and
alone to constitute the greater part of the growndmass of the
rock.
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Apatite and magnetite have been observed in small quan-
tities.

Decomposition products.— W here the eleolite is decomposed
it forms needles of highly double refracting material whose com-
position have not been definitely determined but which evidently
‘belong among the zeolites. Cancrinite also occurs in this rock.

It is probable that this rock is closely connected in its origin
with the eleolite syenite in which it is found. Its occurrence as
a dike, however, which is easily distinguishable and its very
dissimilar macroscopic and microscopic appearance make . its
separation and special description a matter of necessity.

A very simifar rock from the eleolite syenite region near
Beemerville, N. J. has lately been sent to the writer by Prof. J.
F. Kemp, who has in preparation a paper in which he will
describe the various porphyritic forms of eleolite eyenite near the
“great foyaite dike” of Emerson.* _

The resemblance between these two rocks is very striking
;and shows that eleolite porphyry dikes, like the one just described,
-are not confined to Arkansas but occur in other eleolite syenite
wregions,

D. Porphyritic Border Rock (Zgirite Tingudite.)

The most important point at which this rock has been found
in the Baline County region is on the west side of the mass of
eleolite syenite in which Lett’s mine is located and lies due west
of the latter. This rock is of a dark bluish gray color and
shows sharply defined orthoclase crystals scattered through it.
It covers an area of not more than an are (} acre) and occurs
only in loose blocks.

Under the microscope it shows a completely porphyritic
structure, with large orthoclase crystals often 8 to 10mm in
size, lyiog in a fine-grained, holocrystalline, feldspathic ground-
mass. The large orthoclase crystals are usually somewhat
kaolinized about the outside and in the interior they contain

¢ On the greatdike of Foyaiteor Elsolite Syenite cutting the Hudson River shales in
northwestern New Jersey, by Ben. K. Emerson, Am. Jour. 8ci., Series 8, Vol. XXILI., 1882,
P. 302,
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quantities of the groundmass which has here, as well as on the
outside, taken the form of emall orystals of both orthoclase and
plagioclase, Large biotites also occur sparingly in this rock and
sometimes reach a diameter of 5mm.

The groundmass consists of a confused, but holocrystalline,
mass of orthoclase, plagioclase and biotite with magnetite and
titanite or leacoxene. The groundmass isstained in places by
the decomposition of some of the iron ores and presents a
yellowish appearance.

No eleolite or nepheline has been observed but a portion of
the powdered rock, when treated with hydrochloric acid and
evaporated to dryness, gave evidence by the formation of numer-
ous small cubes of salt that sodium was present in some soluble-
form. It is, therefore, possible that the sodium is contained in
the groundmass which is made up of such fine individuals that a
nepheline crystal might easily be mistaken for orthoclase. An
attempt at etching and coloring with fuchsine was not very satis-
factory for, although it was evident that a little gelatinous silica.
was formed, it was very difficult to decide to which one of the
very minute crystals it belonged. Reasoning from analogy it is
fair to assume that this rock is probably one of the sgirite
tingudites which in some cases approach quite olosely to the
eleolite tingudites in their appearance and characteristics. The
rock is unimportant and as it cannot be found in place aids little-
in explaining the genetic relation of this type of rock to the
eleolite syenite. Its principal interest lies in the fact that it is
very similar in many respects to the tingudites described from
the Fourche Mountain region (p. 99).

IV. PETROGRAPHIC DESCRIPTION OF THE AUGITIC ROCKS.

Monchiquite dikes are found in all parts of this regiom
cutting the syenite in all directions, as may be seen by a refer-.
ence to the map and general table of igneous dikes (chap. XTII).
They are usually comparatively narrow and appear as dense,
black bands lying in the light colored eleolite syenites. Macro-
scopically most of them present the same general appearance but
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differ to some extent in the size of the crystals of which they are
composed. In many cases the large augite crystals are macro-
soopically easily detected, while in others the rock appears like a
dense, black, ponderous mass, showing no phenocrysts which are
visible to the naked eye. Under the microscope two types of
this rock are distinguishable; they will be described separately
and in the order of their importance.

A, Amphibole Monchiquite.

Under this head are described the large dikes, numbered
276 and 268 and the less important one numbered 272. These
rocks consist of comparatively small phenocrysts of basic silicates
imbedded in a feldspathic or glassy groundmass. The larger
dikes have a general southwesterly direction and are from 5 to
10m (16 to 32 feet) wide. They consist of idiomorphic
basic silicates lying in a partially amorphous groundmass.
Macroscopically the rock appears almost black, but
shows light colored globules, sometimes as much as 2mm in
diameter, which give to it a spotted appearance. On pelished
surfaces these appear as small, white, nearly circular dots. When
examined under the microscope the rock loses its dark, compact
appearance and shows very distinetly its hypocrystalline structure.
The most important crystals are the basic silicates which make
up about three-quarters of the whole mass of the rock.

Augite is the most important mineral among the pheno-
crysts. It formsidiomorphie, thick prismatic crystals which are
often a millimeter in length and of half that thickness. Under
the microscope these appear a light brown, but show a slight.
tinge of violet which indicates the presence of titanium in their
composition. They are bounded by the prisms (110), both pin-
acoids (100, 010), the negative pyramids (111) and the base
(001), and show an inclination to form intergrowths which may
be penetration twins. The usuvally common twins parallel to the
orthopinacoid (100) are, however, in this case extremely rare.
Cleavage parallel to the prism faces (110) is not as marked as in
other varieties of pyroxene, but irregular cracks parallel to the
clinopinacoid (010) and the base (001) are more frequently ob-
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werved than in the latter. The crystals show but little pleo-
chroism and the relative intemsities of the absorption of light
appear to be as follows:—

¢<>b>a.

When polarized parallel to a a yellowish tinge is observed,
while for b and ¢ slightly violet tints prevail.

In polarized light, sections at right angles to the vertical
«axis are dark when the cross-hairs bisect the angles made by the
«leavage-planes parallel to the prism faces. In sections parallel
to the symmetry plane (010) (or nearly so) ¢ lies in the obtuse
:angle 3 and makes with the vertical axis an angle of about 50°.
Almost all the crystals show a beautiful hour-glass structure while
the usually common zonal structure appears to be entirely want-
ing. The V-shaped, disconnected parts of the hour-glass whose
bases lie in the basal planes of the crystal have a slightly smaller
extinction angle than the outside portions. The large angle of
extinction of the whole, when taken in connection with the light
color and almost total lack of pleochroism, indicates that the
augite containg more alumina than iren.

The augite contains but few inclusions. A patite, magnetite
and pyrite have been frequently noted, and in some cases biotite,
which has been partly surrounded by the augite, appears. Oc-
casionally the augite is found to be older than the olivine
while in other cases the converse is true.

Amphibole in point of quantity ranks next to the augite and
before the olivine and biotite. It forms reddish or yellowish
brown, prismatic crystals which are sometimes double the length
-of the pyroxcne prisms and are usually somewhat more slender.

The faces which bave been observed are the prisms (110),
the clinopinacoid (010), less commonly the orthopinacoid (100)
and the base (001). In some cases faces were observed which
.were supposed to be some of the clinodomes (0m1). The cleav-
age cracks parallel to the prism (110) faces are very distinct and
<lose together.

The pleochroism and absorption are very strong. The fol-
lowing relations exist between the axes of elasticity and the
<olors :—
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polarized parallel a light yellowish brown.
polarized parallel b and ¢ dark reddish brown.

The absorption is ¢c=b>a.

The extinction angle between ¢ and ¢ is in general very
small, but it has been observed as high as 6% ¢ lies in the
acute angle 3. The color, pleochroism and small angle of ex-
tinction all indicate that the amphibole belongs to that variety
known as basaltio hornblende.

The amphibole contains but few inclusions of microscopic
dimensions although apatite, magunetite and pyrite are not un-
-common. Amphibole crystals frequently occur surrounding
augite and are often, though not necessarily, found in parallel
intergrowth with it. Olivine also occurs surrounded by this
‘mineral.

Olivine appears in the available specimens of this rock only
as serpentine. This decomposition preduct has, in almost
all cases, retained the crystal form of the olivine so that there is
no difficulty in determining the mineral from which it was
formed. In some cases even the cleavage-cracks retain the
positions that they had in the undecomposed mineral. These
pseudomorphs after olivine are often 0.2 or 0.3mm in length.

Biotite occurs less frequently than the other basic silicates
-and, when it is present, it forms small, thin plates which are
seldom more than two-tenths of a millimeter in diameter,
-although a few flakes have been observed which are as much
a8 two millimeters in size. The biotite-is normal in all
respects and needs no particular description. The absorp-
tion of light is very great parallel to the plane of a and b.
Inclusions are few in number and only those that usually
-occur have been observed in this mineral.

The order in which the basic silicates were formed, as
indicated by their idiomorphic or allotriomorphic forms, is as
follows: Apatite and iron ores, olivine, biotite, pyroxene,
-amphibole.

The groundmass consists of a transparent, colorless mass,
some of which appears perfectly isotropic while the rest is
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double refracting. It is probable that the double refracting
minerals are plagioclase and orthoclase, for in all cases
which have been tested they have been found to be biaxial.
That this is the case has been shown by the extinction,
which is usually inclined to what appears to be the vertical
axis, and by the crystal’s behavior in convergent polarized
light. Under the latter conditions it is found that, where
the section remains durk or nearly so, one optic axis show-
ing a wide black band remainsin the field and swings about
some point a8 & center when the stage is revolved.

The orthoclase is tabular in form and shows a cleavage
parallel to the clinopinacoid (010) which is fully as perfect as.
that parallel to the base (001). The character of the double
refraction is negative as determined by means of a selenite
plate in several sections elongated parallel to c¢. These
crystals are naturally younger than any of the basic silicates,
but where they come in contact with the uncrystallized
glass they show idiomorphic forms. They include innumer-
able needles of apatite and also small cubes of pyrite. The
plagioclase shows no very sharp twin lamellae, but is char~
acterized by its lath-like form and its wavy extinction.

The glass occurs ouly in spots and consists of a perfectly
isotropic, amorphous substance about which are arranged the
crystals of orthoclase, plagioclase and the basic silicates. It
shows no optic anomalies and appears perfectly isotropic
when it has not been altered by secondary action. A thick
section of a small splinter of this glass was examined and it
showed no optic activity whatever. Irregular cracks occur
which in some cases form angles approaching 60° and 90°,
but these values are probably ounly accidental. A small
quantity of glass obtained from this rock when heated with
hydrochloric acid on an object-glass dissolved in part and
showed in the dried residue gelatinous silica and smalk
cubes of salt. In another portion, which was dissolved in
nitric acid, silver nitrate produced no cloudiness thus proving
that chlorine is not present. A similar test, made in a
hydrochloric acid solution with barium chloride, likewise
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gave negative results thus proving the absence of sulphuric acid.
Itis, therefore, probable that the magma which was left after
the formation of the basic silicates was a strongly alkaline sub-
stance and that, in most cases, it crystallized finally in the form
of orthoclase or plagioclase. These substances occupied most of
the small spaces between the crystals, but when larger masses of"
base were formed it only crystallized about the edges and left a.
glass in the center. The minerals which formed during this
partial crystallization probably include nepheline among them.

From the foregoing it is evident that the rock belongs to
the group of augitic Paleozoic dike rocks associated with -eleolite.
syenite and should be called, according to Rosenbusch’s paper on
monchiquite (1. c.), an amphibole monchiquite. (See page 109).
In some respects it bears a very strong resemblance to the
camptonites as, indeed, do all the monchiquites.

Before leaving the description of this type somethmg must.
be said in regard to dike 272. It is not completely uniform
‘throughout in texture and while part of it is like that just
described the rest differs from it generally in being somewhat.
finer grained aud especially in showing inclusions of eleolite
gyenite. These appear usually in the form -of pieces of eleolite
or nephelive 6 to 10mm in diameter, but in other cases masses of"
orthoclase, including biotite and sometimes segirite, have been
found which are several centimeters in diameter. In thin
sections these fragments of eleolite syenite are seen to contain
cracks into which the augitic rock has forced itself, as is proved
by the fluidal structure which appears in the latter. In many
specimens the dike rock presents a spongy, lava-like appearance.
The included fragments show little or no evidence of having
been altered by contact with the molten monchiquite and, on
the other hand, the dike rock itself shows ouly a slight change.
It seems to have become a little denser and finer grained near
the edge ; with the exception of olivine, none of the pheno-
crysts approach to within half a millimeter of the contact line.

B. Monchiquite.

This type includes rocks which are similar to those last
mentioned, except that in this cace the amphibole is almost com-
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pletely wanting. The light colored silicates and light glassy
base are either entirely absent or are present only in very small
-quantities. They are replaced in this rock by a dark, glassy
base which fills the spaces between the bisilicates and forms an
isotropic groundmass. It is unlike the light colored feldspathic
groundmass decribed under the amphibole monchiquite type.

Augite and olivine appear in two generation and the pheno-
‘crysts often reach a diameter of several millimeters while the
-orystals of the younger generation are always very small.
- Amphibole never occurs among the phenocrysts and occasiooally
-ginks into insignificance in the groundmass.

In order to discuss the characteristics and peculiarities of
these dikes they are treated separately as was done in the case
-of the amphibole monchiquites.

Dike No. 258 is about 20m (66 feet) long and 45 cm (18
inches) wide. It lies in a southwesterly direction and is im-
bedded in the syenite to which it does not appear to adhere in
‘the least. The augite is in this case more prominent than the
olivine which is usually much altered to serpentine. The small,
‘white, isotropic spots already mentioned are found socattered
-sparingly through this rock. The groundmass consists of angite
-and elivine, without amphibole, closely packed in the dark, glassy
base.

Dike 254 is one meter (39 inches) wide and lies nearly north
and south. It contains large phenocrysts of augite and olivine,
often 4 or 5mm in diameter lying in a very dark, fine-grained
groundmass. The olivine is colorless and shows decomposition
only along its lines of cleavage which are then beautifully
bordered by bands of 2 green material which is probably serpen-
‘tine.

The groundmass contains small round spots which are
wsually about 0.5mm in diameter and which are filled with a
perfectly isotropic substance, presumably similar to that desoribed
woder amphibole monchiquite (p. 164.) These spots are much
smaller and much more sharply defined than in the preceding
-case, und when tested with hydrochloric acid in the section they
gelatinize readily with formation of numerous cubes of salt.
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The presence of sulphuric acid cannot be detected microchem-
ically. This light colored glass is frequently found included
in the phenocrysts of augite.

Minute augite and hornblende needles with grains of mag-
netite constitute the orystals which lie imbedded in the dark,
amorphous, glassy base and form the groundmass in which the.
phenocrysts occur. '

Dike 266 forms a mass of rock about 20m (66 feet) in
diameter and shows itself to be an extremely coarse-grained
mixture of olivine and augite in which the former is somewhat
more important than the latter. The olivine has changed en-
tirely to calcite and other light colored decomposition products
but is easily determined by its form. The groundmass is so fine
and so completely decomposed that nothing can be determined
in regard to its properties.

Dike 266 is 1.2m (4 feet) wide and runs in a northwest
direction. It cuts the other dike (p. 147) which is found in Lett’s
mine at an angle of about 60°. It differs from the preceding
dikes in showing some of the white, glassy base, numerous
amphiboles in the groundmass and large crystals of apatite. The
large crystals of pyroxene often include small olivine crystals
and some of the glassy base which is occasionally altered to
radially arranged zeolites. This dike forms an intermediate
stage between the two types of monchiquite under consideration.

The rocks of this second type evidently belong to the true
monchiquites which contain neither amphibole nor biotite in
large quantities. They approach in some respects the pikrites
in the same sense that the rocks of the first type resembled the
camptonites. '

V. CONTACT ROCKS.

A. Cedar Park.

Occurrence.—In the Saline County region the contact rocks:
play but a small part in the petrography of the igneous area.
As has already been explained, the contact of the syenite with
the surrounding Paleozoic rocks is everywhere covered up by
sand and only in a few places, where the sedimentary rocks are
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included in the igneous rocks, can such contacts be observed. In
the case of the largest of these included areas, known as Cedar
Park, the sandstone is for the most part entirely unaltered, but
at one point on the northeast side there are a number of rocks
which are either the result of a very complete metamorphism of
the sedimentary rocks or else they constitute a very peculiar
form of dike rock, which has been fully as much altered by the
<contact with the sedimentary rocks as the latter must be con-
sidered to have been if the dike is correctly associated with them.

This rock forms a band lying between an igneous dike and
the sedimentary rock and on both sides the transition from it to
the adjacent rock is very gradual. Two of the minerals which
it contains would suggest an igneous origin for it, but the mode
-of occurrence of the rock appears to indicate a sedimentary origin
and complete metamorphism.

Astrophyllite.—The first and more interesting of the crystals
'mentioned above consists of an orange- or bronze-colored mineral
seldom exceeding a millimeter in its greatest dimension and
especially characterized by its perfect mica-like cleavage. It
was the good fortune of the writer to show a slide and a small
hand epecimen of the rock containing crystals of this mineral to
Dr. George H. Williams of Johns Hopkins University, and to
receive from him the suggestion that it was astrophyllite and re-
sembled very closely the specimens from Norway described by
Biogger. ’

In order to make sure that the resemblance to astrophyllite
'was not merely apparent the writer made the following tests
which proved conclusively the identity of the mineral. A small
flake of it was dissolved on a platinum wire in microcosmic salt
and the resulting bead was heated in a reducing flame with a
scrap of metallic tin. The bead assumed, after a few moments,
a beautiful violet color. In order to confirm this test a little
ferrous sulphate was added to the bead and it was again heated
until it was transparent. While hot it appeared yellow, but on
cooling it suddenly assumed a most brilliant blood-red color.
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These two reactions proved beyond a doubt that titanium was
present io relatively large quantities*.

Another fragment was examined spectroscopically without
first dissolving it and it showed both the potassium and sodium
lines distinctly. The presence of manganese was easily detected
by the bluish green color obtained by smelting a small quantity
of the mineral with sodic carbonate upon platinum foil.

A crystal of this mineral when examined under the weaker
powers of the microscope showed the following faces: co P&
(100), the perfect cleavage-plane; P (111); P2 (122); and
$Px (203) (?). The angles between the macropinacoid (100)
and the two sets of pyramids were roughly measured upon the
microscope stage and gave the following values : —

Measured. Calculated (Brogger)
(100) : (111)...... 45° 456° 54’
(100) : (122)...... 656° 64°9

The existence of the face §Px (203) could not be
satisfactorily determined, although in one case a decided trunca-
tion of the angle where this face should appear was observed.

In thin sections the mineral appears in the form of idiomor-
phic crystals of an orange color which show a strong pleochroism.
When the cleavage-planes stand at right angles to the polariza-
tion plane of the lower nicol the color is a deep orange, and
when they are situated parallel to it the mineral assumes a
lemon-yellow color.

The pleochroism may be expressed as follows :—

Polarized parallel a orange-red.
Polarized parallel b erange-red (or orange-yellow)
Polarized parallel ¢ lemon-yellow.
The absorption is as follows :—
a=or>b>¢

In convergent polarized light a single axis is occasionally

observed in thin sections of this mineral. In cleavage-plates the

© Astrophyllite contains theoretically, according to a formula based upon Kdnig's anal-
Jsis of the mineral from EI Paso Co., Colorado (Zeit. fir Min. und Kryst,, Vol. L,, p. 4:3) 34.91
per cent of iitunic oxide (Brigger, Syenitpegmatitginge, p. 212).

1 Brdgger, loc. cit. makes this distiaction between a and b, which, however, hardly
appears in the raline county specimens.
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optic axes are found to be too wide apart to appear in the
field but it is evident that the biseotrix stands at right angles
to the plane of cleavage. The extinction in parallel polarized
light is parallel and perpendicular to the cleavage-planes and is
sharp. The mineral is entirely free from iuclusions of all kinds.
It is easily distinguished from the mica group by the fact that
the greatest absorption takes place when the cleavage-planes are
at right angles to the plane of the nicol while in ordinary micas
the reverse is the case.

Agirite—The other mineral of special interest in this rock
occurs in long, extremely slender prisms—often 5mm in length—
which seldom if ever exceed 0.08mm in diameter. Unuder the
microscope they are seen to have perfectly sharp idiomorphic
forms and seldom show abny cleavage-cracks. They have a
comparatively high index of refraction and show black borders
along both sides, which are evidently due o a total refraction of
light. From these considerations and the fact that the minute
prisms seemed to have an orientated extinction it seemed possible
that the minera! in question was epidote, and consequently a
small crystal was detached from the rock and measured on a
reflection goniometer. It gave very exactly the angles between
the prism (110) and clinopinacoid (010) faces of the pyroxene
group, and this in connection with the small, almost impercepti~
ble angle of extinction shows the mineral to be @girite.

The character of the almost white, semi-transparent ground-
mass in which these minerals are imbedded has not as yet been
determined with any certainty, but as soon as this is done some
light may be thrown upon the origin of the rock.

B. Inclusion in Section 21.

Petrographic description.—The rock which forms the small
msss of included material described and pictured on page 128,
although it appears macroscopically to be an almost unaltered
shale, when examined under the microscope is seen to have under-
gone a very complete metamorphism. A thin section cut from a
piece of rock 10cm from the direct contact with the igneous rock
when examined in non-polarized light shows that it consists of a
colorless, transparent base, in-which are scattered small, rounded



SALINE COUNTY REGION — GENETIC RELATIONS, ; 161

plates of biotite which show extremely marked pleochroism and
very strong absorption of light. Irregularly bounded amphibole
crystals appear which present the appearance of having been
very strongly resorbed, but whose irregular outline is due to an
impeded crystallization and not to a secondary corrosive action.

Irregular grains and cellular masses of a light colored,
highly refracting, yellowish mineral, which resembles lencoxene
has been observed in many places. Its index of refraction is
high, but its double refraction is low. Pyrite is also very
common, '

In parallel polarized light the base is seen to be made up of
a complete mosaic of irregularly bounded feldspar crystals.
These are fitted in together in such a way that no iuterstitial
spaces whatever are left.  The crystals are usually thick
prismatic in form and show an undulatory extinction. The
polarization colors are somewhat higher than those usually
observed for feldspar. The character of the double refraction is
negative,

If examined without a knowledge of its origin this rock
would certainly be placed with the igneous and not with the
metamorphic rocks.

VI. RELATIONS OF THE IGNEOUS ROCKS TO EACH OTHER AND
TO THE ADJACENT SEDIMENTARY ROCKS.

In the Saline County region the relations of the igneous:
rocks to each other and to the sedimentary rocks are much more
simple than those of the Fourche Mountain region.

The Jarge masses of eleolite syenite were formed:
below a covering which, like that in the Fourche Moun-
tain region, was sufficiently thick to allow the underlying
masses to crystallize ss true abyssal rocks. In a few places this
overlying rock was cracked and the syenitic magma entered the
break and cooled as a rock similar in structure to the blue
granite (pulaskite) of Fourche Mountain.

Shortly after this the pegmatitic dikes were formed and
then, after the region had cooled considerably, the porphyritic

11 Geological; Vol. i., 1890,
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dikes of syenitic rock were intruded into cracks in the main
syenite mauses.

The monchiquite dikes were probably intruded later than
the syentitic dikes for at Lett’s mine (the oaly place where the
two varieties of rock are found in contact), the monchiquite
dike cuts through the greenish syenitic dike.

In some cases coarse-grained veins have been observed in
the syenite which have been considered as due to a segregation
of the syenitic material from the wall rock and to a deposition
of this in the crack in which it ie found. In these cases the
vein is often not completely fillea to the center and the crystals
of which it is composed show free ends extending into the
central, open space. Small deposits of metallic ores are quite
common in these veins and have led many people to spend muach
time and mouey in searching for paying “mineral” in them.

It may be stated that these segregation veins although they
contain small quantities of metallic sulphides, etc., need not be
looked to as sources of mineral wealth for they do not contain
ore in paying quantities. This statement may also be made in
regard to the monchiquite dikes which have likewise been
prospected in many places. The largest of these openings and
that where the most money was spent is the Lett’s mine, already
mentioned (pp. 147 and 157).

The syenitic rocks are older than the Tertiary deposits
with which they come in contact, but in this area as in the
Fourche Mountain region it is evident that a close connection
exists between the igneous rocks and the deposits of bauxite in
the neighborhood. In the Saline county region the bauxite is
overlaid by a yellow compact sandstone of Tertiary age.






‘dA0D LIANOVHN 40 dVH J441'14Y

‘TI ALVId  CII 10A .Oow— Y04 LYO4THd TVANNV ‘SYSNVMUV 40 AJAAANS TVIIDOT0ED



CHAPTER V1.

GEeoGRAPHIC DESCRIPTION OF MAGNET COovE AND GENERAL
DiIsTRIBUTION OF THE IaNEoUs Rocks.

I. General Geographic and Topographic Features.

II. Distribution of Timber and its Relation to the Underlying Roeks.
III. Declination of the Magnetic Needle in and about Magnet Cove.
IV. Distribution of the Igneous Rocks.

I. GENERAL GEOGRAPHIC AND TOPOGRAPHIC FEATURES.

Maguet Cove iz, without doubt, the most interesting of all
of the regions in which igneous rocks occur in Arkansas. It
has long been known to mineralogists as a locality for many
rare and beautiful as well as useful minerals and there is hardly
a cabinet of minerals in the world that does not contain numerous
specimens from this renowned district. It is hoped that it will
be possible to show in this report that that small area is of great
interest not only to the mineralogist, but to the petrograpber
b..th on account of the number of varieties of rock found there

_and of the many instances in which the association of the rocks
is such that ao insight icto their genetic relations may be
obtained.

The name ¢ Magaet Cove” of itself attracts attention to the
locality and indicates that something out of the common order
is to be expected. Ia the earliest records the locality was
designated simply as “Cove” * or as “Cove of Wachitta.” {

* Henry R, 8chooloraft, * View of the Lead Mines of Missouri, etc,” p. 192, (For full
title see p. 5).

t L. Bringier (E. Cornelius), in Am. Jour. 8ci., S8eries 1, Vol, IIL., 1821, p. 26.



164 ANNUAL REPORT STATE GEOLOGIST.

Featherstonhaugh, * however, makes mention of it in 1835 in
the following words: “ But what will always give celebrity to
this remarkable locality, now called Magnet Cove, is the magnetio
iron which abounds there.” It is evident, therefore, that the
name was given between 1819 and 1835.

The Cove proper is two miles north of the Ouachita River
and twelve miles east of the city of Hot Springs. It is about a
mile and & half north of the wood station, Cove Creek,t on the
Hot Springs Railroad.

It is evident that the name “Cove” was suggested by the
almost perfectly elliptic shape of the basin, formed by the sur-
rounding hills. 1t has long been popularly supposed that this
basin represents the crater of an extinct volcano and indeed this
is the first suggestion which presents itself when the Cove is
seen from the top of one of the adjacent ridges. The hills
themselves form an almost continuous ridge about the Cove and
include within their boundaries about a thousand acres of exceed-
ingly fertile land. The exact limits of the Cove are somewhat.
differently defined by different people, but the most natural
boundaries appear to be the following: (See Map IV.) On the
north, the main sandstone ridge on whose southern slope the
eleolite syenite is developed; on the east “ Cove Mountain,”
which consists of a metamorphosed sandstone ridge flanked on
both sides by igneous rocks ; on the south, a continuation of the
same elevation which is there known as “ The Ridge,” but
which has the same characteristics as in the preceding case.
This ridge extends west as far as Cove Creek at which point the
stream has cut a deep gorge through it. On the west side of
the creek the boundary of the Cove is formed by a ridge, cor-
responding to the one on the south in general form, but not in
geologic character, for while the southern boundary consists of a
metamorphosed sedimentary rock included between two masses
of igneous rock, the western one is itself igneous and is bounded
on both sides by the Paleozoic shales and sandstones. As this

* Q. W. Featherstonhaugh, Geolog. Rept. of Exam. of Elevated Country between
Missouri and Red Rivers, p. 68. (For full title see p. 10).

1 This has recently been made a post-office under the name of Lecroy, but the station
retains its original name.



MAGNET COVE REGION — GEOGRAPHY. 166

ridge extends farther to the north it beads arouad toward the
east and finally becomes the ridge already mentioned as forming the
northern boundary of the Cove.

This northern boundary is cut off by a narrow valley from
a sandstone ridge lying north of and parallel to it; this in turn
is separated by a second parallel valley from the high novaculite
ridges which approach it from the north. :

At the northeastern corner of the Cove, Cove Creek cuts
through the ridge and forms the separating line between the
northern mountain and Cove Mountain. The latter rises quite
abruptly two hundred feet (62 meters) above the bed of the
stream (549 feet or 166 meters above sea level), but the former
slopes up very gradually and the continuation of the high ridge
is indicated by a small sandstone hill 70 feet (21 meters) above the
creek—described later. It is at this point that opinions differ
regarding what should be considered 2s constituting the Cove,
for many consider that it continues up Cove Creek a mile or
more and forms a long, narrow prolongation to the northeast.
8Some even include Cove Mountain within the Cove and bound it
on the east by the sandstone and novaculite ridge which lies east
of Chamberlain Creek. In this case the connection between the
eastern and southern boundaries would be made at a point where
the Hot Springs and Malvern highway crosses “ The Ridge. ”’

The interior of the Cove is drained by Cove Creek and a
small feeder which comes in from the east and is known as the
“The Branch.” Several small streams flow into Cove Creek from
the north but they are unimportant and have no names. After
heavy rains the streams of this region become very high and are
quite impassable since there are no bridges whatever in the neigh-
borhood.*

The level bottom of the Cove is broken only by one eleva-
tion, a tufa hill about 650 feet (15 meters) in height. It is situated
almost in the center of tne Cove and was probably at.one time
connected with a deposit of similar material which lies west of it

¢ This fucreases the difficul'y of studying the rocks of this region at certain seasons of
the year, for the {oot-logs which are usually placed near the fords are not sufficiently elevated
40 be ahove high water mark and are often carried away.
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and on the opposite side of Cove Creek. These two tufa masses
are the result of hot spring action.

Outside of the Cove there are sevcral streams which deserve
special mention as they have played an important part in the
sculpture of the country. About two miles west of Magnet
Cove lies Teager Creek.* This forms the extreme western
boundary of the map and follows a nearly due south course. It
has cut its way through the sandstone hills and ridges and
forms the drainage outlet for the western slope of the. western
boundary of the Cove.

Stone Quarry Creek, or Stony Creek as it is also called, lies
southeast of Magnet Cove and flows in general in a southwesterly
direction. It follows, however, a very serpentine course, due in
great measure to the different degrees of hardness of the rocks
through which it has cut its way. The gorge which this stream
has cut out is in many places very steep and the banks are very
precipitous; at one point the bank is over 1560 feet (46 meters)
high and stands nearly vertical. The creek receives its name
from the fact that years ago a number of millstones were quarried
from the eleolite syenite which occurs near the base of the above
mentioned cliff. At its headwaters this stream forms a wide, flat
valley which is so filled with loose material that no rock can be
found in place. Rowan’s Branch, a small stream, enters this
creek from the east and forms the dividing line between the
syenite and a novaculite area on the southeast,

Flowing in the opposite directior, but at one point ap~
proaching quite close to Stone Quarry Creek, ie Chamberlain
Creek. This forms almost a letter V and flows first southwest,
then west for a short distance and finally north and empties into-
Cove Creek just east of Cove Mountain. At the point where the
creek changes its direction from southwest to north it has cut for
itself a deep gorge and flows around a point of igneous rock
which stands 140 feet (43 meters) nearly vertically above the
stream. To the east of this point it flows between two sandstone
ridges which are capped with novacalite.}

* This is spelled also Tiger, Tigs, Teaga and Paother. It is pronounced Teegur and is
properly spelled as in the text.

1 The novaculite ridges which appear upon the Magnet Cove map were located by Mr.
L. 8. Griswold of the Survey. ’
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In considering the distribution of the igneous rock of the
Cove in detail many minor points in regard to the topography
and drainage will be brought out which have not seemed worthy
of mention in this general description.

II. DISTRIBUTION OF TIMBER AND ITS RELATION TO THE
UNDERLYING ROCK FORMATIONS,

The sudden change of character in the arboration of the
hills about Magnet Cove observed in passing from the sedi-
mentary to the igneous rocks wss first commented upom by
Featherstonhaugh (loc. cit., p. 62) in the following words: ¢ At
thirty-five miles from Little Rock the country is covered with
ferruginous conglomerate of the old red sandstone. 'Wherever
this latter rock is found, the pine (Pinus Australis, Mich.) pre-
vails, as is usually the case in siliceous countries; but, about
forty-eight miles from Little Rock I observed an approaching
change in the timber, the pine having entirely disappeared, and
being replaced by deciduous trees.”

Lesquereux in the botanic and paleontologic portion of
Owen’s report on the geology of Arkansas* does not agree with
Featherstonhaugh and the writer, for on page 842 he remarks:
“From the Hot Springs to the southwest of the county toward
Magnet Cove, the nature of the rocks is changed to a granitic-
formation, but the vegetation preserves the same character as it
had on the quartz, or on the metamorphic sandetone. The
banks of the creek which traverses Magnet Cove, have the
Hornbeam and the Ironwood with a few Oaks and trees of the
Buttonwood ; where they become flat and marshy they are over-
grown by the Water and Willow Oaks. ”

A change similar to that which occurs in Magnet Cove may
also be observed in the other syenite areas, but it is not quite so
evident in them because the igneous rocks are for the most part
surrounded by low-lying Tertiary or Pleistocene deposits while,
in the case of Magunet Cove, the high sandstone hills surround
and overtop the igneous ridges. The difference in the arboration

¢ 8econd Report of 8 Geological Reconnoissance, etc., by D. D, Owen. Botany and
Paleontology by Leo Lesquereux.
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can be most plainly seen in winter after the deciduous trees have
lost their leaves and when the pines form a dark green back-
ground to the masses of gray, leafless trees in the foreground.

The writer is much indebted to Mr. John F. Moore of
Magnet Cove for the information embodied in the following
table. Mr. Moore, having lived all his life in Magnet Cove and
baving had such matters brought constantly to his attention,
was able to give a list not only of those trees which are now to
be found in and about the Cove, but also to state the original
distribution of some varieties which have now nearly or entirely
disappeared.

It is evident from the table that the Cove botfom, which was
once flat and marshy slthough it is now much better drained,
contains such trees as are common along the river bottoms in
many parts of the state.

The Igneous Border of the Cove, by which is meant the
interior slopes which are covered with syenitic rock, supports
mostly hard-wood growths, while the surrounding sandstone
hills produce pine and some forms of oak which do not thrive
on the syenite.

A list has been prepared which shows at a glance in which
of the three divisions, mentioned above, every tree occurs. An
attempt has also been made to indicate whether or not a tree is
abundant in the region where it is noted by making use of two
eymbols to denote its presence, thus :—

C denotes Common.
8 denotes Scarce.

The trees have been grouped according to their family
names, and these have been arranged principally according to
Gray’s Manual.* The botanic names correspond with those used
in the plant list published in Vol. IV. of the Report of the
Geological Survey of Arkunsas for 1888.

* Manual of the Botany of the Northern United States, by Asa Gray; Revised edition
tor 1890, New York (American Book Company), 1890.
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Trees ocourring in and about Magnet Cove.
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Trees occurring in and about Magnet Cove.— Continued.
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III. DECLINATION OF THE MAGNETIC NEEDLE IN AND ABOUT:
MAGNET COVE.

The first lines surveyed by compass in that portion of"
the state about Magnet Cove were run by Joseph McGuire in
1819%, He surveyed the east line of township 3 8,,17 W,
but made no mention of magnetic variation and it is probable-
that at that distauce (about 3 miles) from Magnet Cove the
attraction of the lodestone bed was not perceptible.

In 1822 R. Richardson surveyed the south line of the
same township for state surveyor Conwayt. In order torun
the line Richardson started at its western extremity and ran
arandom line to the east.” On arriving at the eastern end of"
the line he found that he was 10 chains (201m) north of the-
southeast corner of the township. Concerning this discrep-

¢ See field notes in the State Land Office, Little Rock (bundle 102; book 8).
1 8ee field notes in tho State Land Office, Little Rock (bundle 104; book 145; p. 25).
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ancy he makes the following note: ¢ 1 find by this close a.
considerable convergency in the range line between Ranges.
17 and 18, T. 4 8,, to the adjacent meridian, caused by the
attraction of a large body of loadston lying near the Ouachita.
river (N. E. of the corner last established on the rang line
above mentioned), which i find I have fllen within the sphere
of its attraction.”

In regard to the east line of the next township west (3
8.,18 W.) Richardson writes (l. c., p. 81): “ The range line be-
tween Ranges 17 and 18 W., T. 3 8., cannot be run with any
degree of accuracy in consequence of the attraction of the
loadston, as it passes very near the body and consequently I
find the attraction much greater.”

The east line of township 8 8., 18 W. was not surveyed
until 1837 when it was run by John C. Hale (see below).

In running the line along the east side of sec. 1, 48,, 18
W., Richardson writes (. c., p. 18): “Ifind an attraction of
the neadle by a body of loadstone near the Ouachita river
N. E. of this place, which has caused the north part of this
line to be incorrect. ”

In the year 1835 Featherstonhaugh wrote the following:
sentence* regarding the magnetic iron ore of Magnet Cove:
“8Some of the specimens I obtained, possess & surprising
magnetic power; and such is the influence of the mass in.
place, that Colonel Conway, the surveyor general, informed
me he had been unable to survey the country, as the needle-
will not traverse on approaching this locality.”

On July 30, 1837, John C. Hale surveyed and sectionized
township 3 8., 17 W., and ran the east line of township 3 8.,
18 W.t+ Hale states that the township line runs through a.
very strongly aftected region and that like many of the sec-
tion lines it could only be run by back- and fore-sights.

From the personal observations of the writer and from
readings taken by Mr. W. J. Hutcherson, the topographer

© Gevlogical Raport of the Elevated Country between the Missouri and Red rivers (loc
cit., p. 68).

t See fleld notes in the State Land Office, Litile Rock (bundls 128 ; books 884, 888, 39\
and 892).
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who made the contour map of Magnet Cove included in this
'volume (see below), it has been found that on the bed of
magnetic iron ore the compass is of no use whatever. An
‘engineer’s transit, with a short needle, was set up on the top
of the hill (N. E. corner of N. W. } of 8. W. } of section 20,
38,17 W.). and a stuke about two hundred yards (183m)
west was taken us a point at which to sight. The bearing
wus taken and the transit was moved ten feet (3m) further
east and the bearing taken again. A difference of 13° 80’ in
the bearing of the stake was observed. The transit was then
placed 15 feet (4.5m) south of the original point and a differ-
ence of 15° wus found to exist between the bearinugs of the
stake taken from that point and the original station. This
shows conclusively that no reliance can be placed upon
compass readings on or near the lodestone region.

The normal amount of the magnetic declination as de-
termined by the position of Mugnet Cove with reference to
the general isogonic lines of the state would be about 8°*
eastt in 1890. It will be seen, however, by an inspection of
the isogonic chart (Plate 13) that, about half & mile east of
the magnet ore bed the declination becomes zero and the
needle points due north, while at a somewhat greater
distance® west of the same point the normal declination is
nearly doubled. It is evident, therefore, that the effect of
the magnetic force centered in this ore bed amounts to about
8° and that this extends to a distance of about a mile west
aud half a mile east of the disturbing area.

On the western side of Magnet Cove an area of still
greater magnetic declination occurs. Here the variation is
due to quantities of fine magnetite sand which, although
apparently entirely superficial, exerts a great influence upon
the needle. Its maximum effect is at a point about balf a

¢ 8ee Report of the Supt. of the U. 3. C ast and Geodetic turvey for 1889. Washing-
ton, 1890, App-ndix No. 11, 1889. *‘The distributi wu of the magnetic declination in the United
Sta‘es for the epoch 1390.”” By Charl-s A. Schott, p. 246. See aiso the observations on magnetic
declina ion made by the Geol-gical Survey of Arkausas and recorded in the aonual report for
1891,

t Westerly declination is considered positive and is marked (+), while easterly decli~
wation is cousidered negative aud is murked (—).
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mile west of the school-house on the hill (center of section.
24, 3 8., 18 W, near the north line) and amounts to about
44°. The isogonic lines here come 8o near together and are.
8o uncertain in their positions that but little reliance can be.
placed upon them.

) There is another strongly disturbed region at the north-.
east corner of the area included in the chart. In this case.
thé cause of the disturbance is a mass of lodestone quite
gimilar in character to that.in the center of the Cove. This.
deposit is much smaller than the “lodestone bed ” and less.
of the ore appears on the surface. It is evident, however,
that "it is present in sufficient quantities to have a strong
influence upon the bearing of the maguetic needle.

Oa the isogonic chart each green line passes through all the
points, so far as it is possible to determine them from the data
at hand, at which the needle is deflected a given number of de-
grees east or west of the meridian. These lines are so drawn,
that each degree from plus four to minus forty-four is represented
by a line. In compiling this map ninety-three determinations.
of the maguetic declination were made. *

IV. DISTRIBUTION OF IGNEOUS ROCKS.

The description of the distribution of the rucks of the Cove
begins with the rocks found at the povint where Ciwve Creek cuts

% Ofthess 16 were deterwminel by W.J. Hutche son, who made the Magnet Cove map
(map IV.). He estublished a wer'dian necar th- center of the Cove and located the principak
points on the map by means of trav.rse lines, and oc-asionally determ'ned the magnetic de-.
clination by taking the be rings of some of the trignometrically lo ated lines. This sysiem of
surveying was unfortunately only carried s 'ar westas -h school-house o . the hill, and hence
it is probable that the accurary of that portion of the ma » west of 1he schoo - house, embracing
the most disturbed area about the Cove, suff-red from the error inade in considering the.
greatest variation to be centered at the ‘‘ore bed” in the Cove. The numerous other lines used
in locating the hills, streams and other such xeoxraphic features were r .n by compass, and the
lines were carefully “tied up’ to those alreaiy trigoometrically ¢siablish-d. Even the lines,
west of the school-h-u-e were tied up in this way so that the error ra .not be very great and,
must have compeusated iiself. It is probable that the bruken li .e between sectins 13 and 24
which are in reality separated by a s raight line is due to the fact that the line was run solely
with the compass. '

The 77 other determinations were made by the writer from observations taken on
Polaris. These were inade with a short-needle transit aid were extended over a space of
several hours each night until they were complered. The time of each observa fon was care-
fully noted and the approximate elongation of Po'aris for that time was calculated and the
correction applied. Theerror [rom 1he<e calculation« falls foside of that arising from the short-
ness of the needle and the difficulty of readi: g it at night.
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‘through the ridge at its southwestern oorner and, following the
~reek to the north, mentions the occurrence of the various rocks
‘in their order, No attempt can here be made to describe the
rocks themselves but such a description will follow in the next

chapter.
Oa going up Cove Creek from the railway bridge the stream’

is seen to flow over a dark shale. A short distance above the
mill-pond a small gully comes down the hill on the east, and in
it occurs the first outerop of syenite. (Chapter XIIL., dike 133).
This is an eleolite syenite dike and forms a comparatively
narrow band which extends east and west and can be traced by
‘means of scattered boulders as far as the road which crosses the

" hill to the east. On the top of the small hill which lies between
this gully and the next a good many boulders of leucite syenite
dike rock (Chapter VII. 11. C. 1) appear. This leucite material
is bordered on its western side by the shales, which, on the
bank of Cove Creek, form an almost vertical bluff about two
hundred feet in height. In the face of this bluff several dikes
of monchiquite and allied rocks appear. (Chapter XIII., dikes
127 to 132). These run in various directions, some vertical and
-others nearly horizontal. The fourchite and ouachitite, both of
which occur in the cliff, are probably of approximately the same
age, but the syenite which forms a dike cutting the fourchite is
-evidently the youngest of the three.

In the gully north of this bluff about 400 feet (125m) from
its mouth the igneous rock appears in the form of a green and
black porphyry which varies somewhat in density and structure.
*On going up this ravine toward the east these black and green
rocks follow each other in quick succession. In some cases they
may be traced up the sides ot the gulch for some distance, while
in others they are covered by a talus of the rock which forms
‘the ridge above them.

The green rocks are the most typical examples of leucite
tingudites (Chapter VII. 1. C. 2) to be found about the Cove;
there is no one place where so many varieties of rock can be
found as in this gully (See plate 14).* One of the most

©The plate repre-ents this gully on a sc+le larger than that of map IV., and the dis-
tribution of the rock is st.own by the various signs des ribed in the legend. In this way the
intermixztures of the various rocks can be more satisfactorily represented than by the use of
<different colors.
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vemarkable facts that has been observed in the region is the
intimate connection shown between the fourchite and the tin-
gudite. At one point fragments or nodules of fourchite are
found imbedded in tingudite. It at first occurred to the writer
that these were true inclusions brought up from below by the
younger tingudite, but on reading Rosenbusch’s paper on mon-
clviquite the possibility of their being caused by diflerentiations
in the crystallization of the tinguditic magma presented itself.
Rosenbusch states (Ueber Monchiquite, ete., p. 465) that if
mixed dikes of monchiquite material are ever found tingudite or
wegirite granite must appear. *

It may be that such a case is found in the specimen just
described, but it seems more likely that it has been detached and
brought up as an inclusion from below. In either case this
direct association of the two rocks is very interesting.

Besides these black and green varieties of tingudite,
there is also a pink rock containing large pyrite crystals
‘which often exceed half an inch (13mm) in diameter. It is
probable that this is a bed of sedimentary rock which has
been very much metamorphosed by the intrusion of the
aeighboring igneous rocks. East of this and further up the
ravine appears another form of black leucite tingudite in
‘which the large pseudoleucite crystals are only indicated by
grayish, octagonal and hexagonal sections and do not ap-
pear sharp and well defined. Directly above these and ex-
tending up the south bank for some distance is a bed of
green leucite tingudite and above that, still higher up the
hillside quantities of leucite and eleolite syenite dike rock
occur, butit is a question which of the two is in place.
The indications are that the crest of the hill is occupied by
the leucitic rock, while further to the west the eleolitic rock
is the main rock of the hill. Between these two there ap-
pears to be a band of shale, but only loose pieces of it could
be found. Returning again to the bed of the brook in the
gully, the next rock east of the black tingudite is & green

® ¢ Wirden jemals gemischte Ginge gefunden werden, in denen Mounchiquiimaterial
auftiite, so wilrde daneben Tinguiit oder Aegiringranit (Quartztingudit) vorkommen
miseen.”
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tingudite 5 feet (15m) wide, containing extremely small
pseudoleucite crystals. This, like much of the rest of this
rock, shows a decided bedding like a sedimentary rock. It
changes to the black variety without showing any distinct
line of parting, and it is evident from both macroscopic and
microscopic examinations of the two rocks that they are
genetically identical. About a thousand feet (800 metere)
from its mouth'the shale crosses the gully in a northwest and
southeast direction at two points about 100 feet (30m) apart.
It dips to the southwest at an angle of about 30°. On
both sides of the gulch it is covered by leose boulders of
syenite and tingudite. The latter appears as a dike between
the two bands of shale and may be traced onto the hills both
north and south. 8till further to the east a leucite syenite
dike occurs in the bed of the stream and likewise on both
hills. It is probably a ccntinuation of the mass which
crosses the road in front of the house of R. F. Orr No. 1,
(northeast quarter of section 30.) On the high part of the hill
south of the gully beside the varieties of rock just described
a small area of about 100 square feet (10 square meters),
covered with loose boulders of fourchite (monchiquite) ap-
pears (Chapter XIII., dike 136).

Returning again to the gully at the point where the
leucite syenite dike rock was first found on passing east from
its mouth it is seen that this rock, instead of running
directly up the hill to the north bears off to the west and
follows the contours for about three hundred feet (91m), and
then turns to the north and passes over the ridge. At two
points along the line of contact between the shale and the
leucite rock loose specimens of ouachitite occur (Chapter
XIII., dikes 138 and 139) which fall nearly in line with the
dike in the face of the cliff just south of the mouth of the
gully. Ouo following the line of contact, which is everywhere
marked by the loose boulders of leucite rock,to Cove Creek,
it is found to run straight down to the water’s edge. Here
it forms a dike (Chapter XIII., dike 140) not over 50 tect
(16m) wide bounded on the north by a band of green tin-
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guidte. Just north of this the bank consists principally of
sandstone which at one point lies over the igneous rock,
which has been forced up under it from below, while at
another point the syenitic rock lies on top of the sandstone.
The igneous rock has here been forced up between the bed-
ding planes of the sedimentary rock and where the upper
layer of the latter is covered up or has been cut away the
igneous rock appears to lie upon the top of it as if it had
flowed out over it. At one place somewhat further up the
creek (north) the leucitic rock preseunts the appearance of
having formed a stream of molten matter showing a rapid
cooling along the sides and an apparent fluidal structure in
the centre. |his is, however, probably the eftect of ex-
foliation on an intruded rock and not due to alava-like flow.

In the next gully (the one running to the north of the
Neusch house) north of this hill (8. W. % of sec. 19) a recur-
rence of various kinds of porphyritic rock similar to those in
the preceding gully appears. In this case, however, the
rocks are eleolitic in their character while in the preceding
case they were leucitic. It appears that this gully marks
the line between the leucitic and eleolitic rocks at this point.
Oon the north side of it all the rocks are dark colored and
are varieties of eleolite syenite and eleolite tingudite (Chapter
VII. 11. B. 4.) while on the south side they are lighter
colored and consist of leucite syenite and black and green
leucite tingudite. Metamorphosed shale also occurs in this
gully near its upper or eastern end.

The eleolite syenite dike rock (fine-grained, grayish va-
riety), which occurs on the hill north of this gully extends
only to near the crest of the hill and is there replaced by a
black, hornstone-like rock, whose relations to the other rocks
and whose origin are more in doubt than those of any other
rock about the Cove. It is called hornstone in this report
because this is a name which is somewhat loose in its appli-
cation. Whether further investigation proves this rock to
be a metamorphosed shale or an igneous rock it is a simple

12 Geological; Vol. it., 1890,
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matter to insert the proper name wherever the word horn-
stone occurs.

In a small depression on the west side of the hill where
the horustone appears, a black porphyry or eleolite tingudite
occurs about 800 feet (91m) from Cove Creek, and covers
several hundred square feet. This rock contains compara-
tively large, idiomorphic, white feldspars and is genetically
connected with the neighboring eleolite syenite dike rocks.
A dike of green leucite tingudite 10 feet (3m) wide extends
along the northern border of the depression or gully just
mentioned, crosses Cove Creek and may be traced in a some-
what serpentine course for nearly 1,800 feet (546m) on the
west side of the stream. The train of boulders by which its
position is marked seldom exceeds fifteen feet (4.5m) in
width and, although becoming here and there very indistinct,
it can generally be traced with comparative ease.

Before returning to the east side of Cove Creek it is
more convenient to mention the other rocks which form the
high bank opposite the gully and hill just described. There
is, perhaps, no part of the whole Cove region which is more
confusing and uncertain than this especial hill. On the top
aund for a certain distance down the north and east sides the
leucite syenite dike rock is exposed in large musses. Below
this on the northern slope a band of green leucite tingudite
appears and still further down eleolite porphyry (Chapter
VII 11. B. 3.) containing pink crystals of eleolite is found;
still nearer the bottom of the hill some shale occurs which,
although in loose blocks, is evidently not fur from in place.
Low down and near the center of the east side of the hill
black and green leucite tingudite and metamorphosed shale
are exposed. The exact relative positions of these rocks
cannot be definitely determined but they are probably ap-
proximately as shown on the map. Still further south, and
situated in a slight depression in the side-hill, there oclurs a
peculiar variety of comparatively coarse-grained syenite
which is everywhere much weathered and seems to have
formed a miarolitic eleolite rock (Chapter VIL 11. A. 3). It
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is 50 much weathered that its microscopic characteristics
cannot be determined. A similar rock appears on the north- .
east side of the hill just described and lies between it and a

small rise which extends down to Cove Creek. This small

hill lying north of the one last mentioned consists principally

of hornstone which, near the creek, is probably a syenite

porphyry or tingudite. Running from the northwest corner

of this hill and keeping to the southwest and south of its

crest is the dike of greeu leucite tingudite which has already

been described. (See p. 178). This cuts through the horn-

stone and strengthens the supposition that the latter is for

the most part a metamorphosed shale rather than an igneous

rock. Opposite this hill several dikes of igneous rocks and

also several beds of metamorphosed shale occur in the creek.

The former are generally light colored, fine-grained dike

forms of eleolite syenite while the latter are dense, compact,

dark colored rocks, with a few indistinct crystals dissemi-

nated through them.

On the hill situated opposite to these on the east side of
Cove Creek, and forming the point between * The Branch ”’
and Cove Creek, more hornstone appears, but here it is inter-
spersed with loose blocks of fourchite. Higher up the hill
a light colored, banded rock occurs which appears to be a
metamorphosed shale and is described later (Chapter VIII.
1.). Near the top of the hill a dark rock again appears and
in many places loose pieces of fourchite are scattered over it.
The latter are often amygdaloidal and show calcite filling
the cavities. .

Below the top of the hill on the northeast side the dark
rock is soon replaced by the light colored, banded rock
mentioned above. Here it secems to be more decidedly
stratified, and where it has waathered it shows a distinct
banded structure, but when broken the fracture seems to
have little or no tendency to follow this banding. Directly
b ‘low this appears the eleolite garnet syenite (Chapter VII.
11. A. 2), which is characterized by its dark color, granular
appearance and great weight. Below this again comes the



180 ANNUAL REPORT STATE GEOLOGIST.

very coarse-grained eleolite mica syenite (Chapter VII. 1r
A. 1), which is very rich in eleolite and generally contains
much mica. It is probably in this latter rock that the de-
posits of lodestone and the large masses of protovermiculite
are found. On passing around the inside of the Cove and
keeping along the southern ridge it is found that the same
succession of rocks exists as was noticed on the hill just de-
scribed. This similarity of arrangement continues to the
northeast side of the Cove, but towards the last, on the
gsouthwest side of the Cove Mountain, the band of eleolite
garnet syenite becomes narrower and the hornstone comes
further down the hill.

The center of the Cove consists in part, as is shown on
the map, of the very coarse-grained eleolite mica syenite
through which is disseminated much magnetite and lode-
stone. This latter mineral becomes especially abundant in
one portion of the mass and the low hill on which it occurs
is known as the “lodestone bed.” From this hill many tons
of ore have been collected and shipped or carried away, but
gtill the supply remains equal to the demand and good
specimens are always to be obtained. Itis commonly believed
in the Cove that this ‘“ magnet-ore,” as it is called, exists
only on the surface and that as soon as one penetrates below
the top of the ground the deposit ceases. This is in part
trve, for the “ float-ore ” is the accumulation of centuries. It
has been separated out from immense quantities of syenite,
which has little by little decayed and been washed away,
leaving only the exceedingly heavy lodestone near the place
where it was originally formed. A prospect hole was at one
time opened in the lodestone bed aud it was found that
although pieces of the ore were obtained deep down in the
decomposed syenite they were not large enough nor suffi-
ciently abundant to warrant the opening of a mine as has
been proposed. Both Featherstonhaugh (loc. cit., p. 63)
and Owen (loc. cit., p. 31) were deceived by the amount of
ore found on the surface and believed that it was merely the
sarface showing of much larger quantities below.
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Much of the ore found is lodestone or natural magnet
ore, while the rest of it is simply massive magnetite and is
not polarized. By piling the latter into heaps with some of
the polarized mineral it has been found that the non-mag-
netic pieces gradually become polarized and often become
as strong magnets as some of the originally polarized pieces.
The magnetic iron ore is usually found in smooth, round
masses, entirely free from adhering pieces of other minerals,
thus showing how complete the weathering has been. A few
small specimens have, however, been found in which both
apatite and mica (protovermiculite) are seen to be in direct
association with the ¢ maguet-ore.”

It has been found by experiment that the ore does not form

"a valuable grade of iron when reduced in a blast furnace.

Northwest of this magnetite bed deposits of limonite and
other loose sinter-like forms of hydrous oxides of iron occur.
These were formed by the gradual decomposition and alteration
of the magnetite. This formation will be considered again
when the tufa hill in the center of the Cove is described.

All about the lodestone bed and in fact filling all this por-
tion of the bottom of the Cove is a loose, decomposed material
which consists of impure kaolin and clay in which are imbedded
masses of protovermiculite often a foot (30cm) or more in
diameter, schorlomite, melanite, apatite, in large single prisms
and in radiate masses of small needles, eleolite in rounded masses
‘and some brookite. Near the Baptist church along the bank
and in the bed of “ The Branch” there occurs a bed of coarse-
grained, crystalline limestone which contains green mica usually
scattered irregularly through it, but often arranged in veins.
T'his coarsely crystalline limestone or calcite was formed by the
contact of the igneous rock with a bed of common limestone,
which may be part of the Lower Silurian rocks of that region.
Since, however, corresponding beds are not found outside of this
region, it seems more probably that the calcite was formed by
the action of the igneous rocks on a calcareous hot spring deposit
which was locally developed at that point.

The hill in the ceuter of the Cove consists principally of a
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siliceous and calcareous sinter, which is evidently of hot spring
origin * and is subsequent to the metamorphism which altered
the rock just described. On both tides of this the eleolite
garnet syenite and the eleolite mica syenite appear near its base
and are probably in place, while the blocks of sinter which
overlie and often almost conceal them from sight have rolled
down from above. Above the zone in which the eleolite rock
appears the whole hill is made up of a porous sinter which in
many cases contains large crystals of quartz. This hill is
about 70 feet (20m) above the rurrounding Cove bottom and is
an oval, regularly sloping hill of comparatively slight declivity.
At its eastern end it is connected with the deposit of hydrous
oxide of iron already mentioned and it is probable that these two
deposits are very closely connected in their origin. ‘

In many cases the igneous rccks sbout the base of the hill
appear to form dikes but it is probable that they are massive and
that in weathering certain harder bands in them have resisted
the disintegrating action better than the rcst of the mass and
hence remain as apparent dikes (Chap. XIII.,dikes 165 to 171).

Just at the north of this hill is a spring which is remarkable
on account of the continuous stream of bubbles of gas which it
gives off. It was supposed that this was either csrbonic acid gas
or marsh gas, but on being tested, it was found to be ordinary
atmospheric air. t

The spring is situated in a marshy piece of ground where
no rock in place can be found but on both sides of it the eleolite
garnet syenite occurs, and it is probable that either that rock or
the eleolite mica syenite underlies it.

©See Comstock’s siatement to this effect, Annual Repcrt of Gelogical S8urvey of
Arkansas for 1888, Vol. L., p. 81.

1 The gas neither extinguishes a match plurged into it, Lor takes fire iteelf. No cdor
of sulphur can be detected, 0 that the name “‘sulphur spring,” which 1s often applied to t, is
a misnomer. 1n order to make an exact determinution of the escaping gas a quart bottle was.
filled with it and analysed. The bottle which was to serve the purpose of collection had a
funnel fixed in its neck, was filled with water, inverted in the spriig and left over night.
The next morning the gas was found to have expelled all 1he water and 10 have filled the bottle.
The funnel was removed and the cork inserted witbout changing 1he position of the bottle and
the whole was made perfectly air tight by sealing it with beeswax. The bottle and its con<
tents were then taken to Worcester, Mass., where Prof. Leonard P. Kinnicutt of the Worcister
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A hill consisting of siliceous tufa very similar to the one
just described exists on the west side of Cove Creek and is so
situated as to appear as if it were the continuation of the larger
one in the center of the Cove. This smaller one at the west
overlies a bank of the same sort of crystalline limestone as that
near the Baptist church, and is in general more truly tufaceous
and less filled with quartz crystals than that further to the east.
It is probable that these two deposits were once connected and
that Cove Creek has cut them apart. The limestone, which
underlies this siliceous tufa is of a coarse crystalline variety and
forms a bluff twenty or thirty feet (6 to 9m) high and might
well be untilized for the manufacture of lime. A great deal of

Polytechic Iostitute kindly volunteered to make a complete gas analysis of it. The results of
this analysis are as follows :—

Table of Gas Analysis.

¥ | L&, [Begd
"ﬂ' D~ @ a2 =Y
TREATMENT. = §‘: . 2E g-—. . ¢ GAS DETERMINED.

8= .8 =YL
§%¢a | 253 |Si3%E

(Original quantity).............. 98.0 12.8

Potassic hydrate (HKO) ..... 97.9 12.6 0.1 Carbonic dioxide (CO2).

Bromine (Br).....ccweeecenn... 97.9  |ieerene srecenen .0 Hydrocarbons.

Gallic acld (CeHa (OH), ’

[77) : 1 YN 76.6 12.4 21.8 Oxygen.
Cuprous chloride (CuzCly). 76.6  |ieeersnerecsesns | 0.0 Carbon monoxide (CO), etc.

After reduciog the above to 760mm pressure and 0°C. temperature these figures become
as follows : —
Gus analysis reduced (o normal pressure and temperature.

Cubic
VOLUME. contimeters, | Fer ceot. CONSTITUENTS.
Volume absorbed........ 19.08 20.67 Oxygen.
Volume unacted upon 73.08 79.88 Nitrogen.
Total volume taken..........ccone 92.06 100.00 afr.

The average composition of atmospheric air is:—
Oxygen 20.96
Nitrog 79.04

It is therefore evident that the gas which bubbles up through the spring is common
atmospheric air.
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it is comparatively pure, while the rest of it is filled with con-
tact minerals, which would greatly impair its usefulness, The
greatest drawback to its practical application is its coarseness,
for this might cause it, when burned, to form a crumbly mass
instead of close, compact stone. Its proximity to the city of Hot
Springs and the ease with which it can be obtained from the
bank would probably make the burning* of it on a small scale a
profitable undertaking. At the south end of the knoll in which
the limestone occurs is located the pegmatitic eleolite eudialyte
syenite dike in which so many rare and beautiful minerals were
found by Mr. William J. Kimzeyt. This rock seems to have been
in direct contact with the limestone and it is due to their mutual
reactions that many of these contact minerals have been formed.
(See chap. VIIL 11. B.) Leucite rock also appears in this same
knoll, but its relation to the other rocks is not quite clear. It
seems a8 if it formed a part of the eleolite eudialyte dike which,
on acocount of some local influence, the cause of which it is diffi-
cult to detect, crystallized in part in the form of a leucite
syenite dike. _

Between this knoll and the low hill lying south of it
(page 179), on the west side of Cove Creek, is situated what is
known as ¢ Perofskite Hill” a very slight elevation of not more
than 30 feet (10m) from which all the perotskite or dysanalyte
crystals from Magnet Cove are obtained. These crystals are
usually found loose on the surface but in a few cases have been
found imbedded in calcite or apatite. Brookite, and the so-
called hydrotitanite (a decomposed perofskite) as well as mag-
netite octahedrons and rosettes of rutile are also found in this
same locality and all indicate that metamorphosed limestone and
sandstone were once present in the hill and formed the rock in
which they were produced. Loose pieces of black leucite tin-

* For suggestions on the practical construction and operation of lime kilns the reader is
referred to the report on the limestones and marblesof Arkansas by T. C. Hopkins, Vol. IV.
of the Annual Report of the Geological Survey of Arkansas for 1890,

1 The writer has obtained from Mr. Kimsey many of the specimens described in this
report f.om this and other localities about the Cove, and would saggest that any oue wishing

peci from this region may obtain them by addressing Mr. Kimzey at Magnet P. 0., Hot
Spriog Co , Arkansas.
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gudite have been found on the hill, and near the highway horn-
stene and eleolite tingudite have been observed. Due west of
Perofskite Hill there rises a much steeper and more prominent
hill of leucite syenite dike rock which is surrounded on the east
by a band of green leucite tingudite. On the west this hill is
bounded by shale and sandstone which, as they approach the
main ridge of syenite, become horastone-like. Here and there
scattered through this altered shale are dikes of fine-grained
eleolite syenite. Ouachitite has also been found in loose blocks.

The main ridge forming the western boundary of the Cove
congsists of a fine-grained eleolite syenite dike which at certain
points becomes leucitic. Thus while the bay-shaped protrusion
of syenitic material extending southward into the shale is a
perfect leucite syenite dike rock, it yet grades imperceptibly into
the fine-grained, eleolitic rock west of it. The fine-grained
syenite of this portion of the hill becomes decidedly lamprophyric
and in many cases it is difficult to determine whether a speci-
men of this or of some dense, basaltic rock is at hand. In
'some cases, as for example on the west side of the ridge near the
school-house on the hill, the rock becomes coarser and resembles
‘that from the Diamond Jo quarry (see later).

In the road and generally on the eastern side of the ridge
near its base, & decomposed novaculite appears which may have
faroished the lime for the formation of the calcite bed already
wmentioned. It is a fine-grained, harsh rock, which can easily be
-cat with a knife and might be used for a coarse polishing powder.
It is probable that this rock was present at one time in large
masses on the eastern and southern sides of this ridge, although
it is now completely decomposed, eroded, or covered with other
anaterials. '

In the bed of the small stream which flows into Cove Creek
Just north of the tufa hill on the west of Cove Creek both a meta-
morphosed limestone and a dark, ponderous, igneous rock occur.
The igneous rock forms a 15 foot (4.5m) dike and is the most
<haracteristic example of an amphibole monchiquite that has
been found among the igneous rocks of Arkausas. It has been
traced by means of its boulders for about 1,300 feet (400w) in
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the direction N. 75° E. across the flate, but in the bottoms of
the ditches it is found in place (see chapter XIIIL., dike 174).
Just west of this dike and not many feet away occurs a dike of
green leucite tingudite and at several other points in that region.
the same rock appears. Where the road to the north crosses the-
hill (along the township line between sections 18 and 13) masses.
‘of fourchite and hornstone occur. About half way up the hill
and just below the syenitic rock a band of green leucite tin-
guéite occurs as a border rock. Between this ridge and the hill
lying north of it, the flat is covered with waterworn material
and gives no clue to what is beneath. Along the southern
boundary of the syenite both hornstone and fine-grained varieties.
of fourchite are found. Here and there in the ridge the leucitio-
rock makes its appearance but the mass of the rock consists of a
garnetiferous syenite of both coarse- and fine-grained varieties*.
A dark brown variety of eleolite syenite dike rock and fourchite
occur in the stream bed northeast of the house marked 8. W.
Fordyce No. 3, and cover a considerable area. The eleolitio
rock contains small masses of both eleolite syenite (Diamond Jo.
type) and of garnetiferous eleolite syenite (ridge type). These
are of small size and appear to be local variations in the magma
from which the dark colored rock was formed. Along tke ridge
east of this point both eleolite and leucite dike rocks occur, but.
the latter become more and more scarce until the eastern end of
the ridge is reached. At this point there is a large boulder or
loose piece of eleolite mica syenite (cove type) containing large-
crystals of biotite. On the south side of this ridge a good deal
of weathered material occurs which consists priocipally of a
coarse-grained sandstone, which at one time contained pyrite,
and in which this mineral hsas now been altered te limonite.
This rock has been the subject of investigation in the latest of
the periodical mining fevers which has attacked Magnet Cove.
In the flat south of the end of the ridge and lying
between it and Cove Creek are two outcrops of igneous.
rock ; one a narrow dike of green leucite tingudite, lying-

© This is not the abyssal eleolite garnet syenite but a garnetiferous rock corresponding.
to a fine-gralned rock of the Diamond Jo type of dike rock.
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nearly north and south and connected across Cove Creek
with a larger mass on the south side; the other a smalk
bank of eleolite eyenite dike rock lying parallel to the
stream. Soutbeast of the end of the ridge there occurs.
a peculiar ring of eleolite syenite dike rock, which, start-
ing on the west side of a small hill about 100 feet (30m)
above the level of the creek bed at that point, skirts its
northern side for some distance and then crosses over the
ridge and takes a due southerly course to the bank of the
creek. It then turns sharply to the west and fellows the
bank of the stream keeping about 20 feet (6m) above its bed..
At the western end it becomes somewhat leucitic in its.
texture. The most peculiar feature of this dike formation
is that nowhere does it exceed twenty feet (6m) in width
and that both inside and outside of the ‘“ring” it'is bounded
by sandstone. :

Northeast of the house marked D. R. Rutherford, which
stands on a bank of detrital material, there occur more.
lodestone and protovermiculite like those already described
on the lodestone bed in the Cove. North of this point, loose
pieces of eleolite syenite dike rock and eleolite tingudite are-
scattered about. They are evidently portions of dikes
which cut through the side-hill and have an approximately
east and west direction. At one or two points in the beds.
of the streams where these dikes cross them the rock ap-
pears in place. (8ee chap. XIII., dikes 195, 196). At the
eastern end of this dike or series of dikes, one three foot
(0.9m) dike i3 exposed and crosses Cove Creek about 300
feet (90m) south of the house marked J. M. Henry No. 1.

Northeast of this on Cove Creek there are but very few
exposures of igneous rock; several dikes of dark colored
igneous rock cut the sedimentary strata in the bed of the.
stream ; at & point about 1000 feet (300m) above the house,
J. M. Heury No. 1, there occurs a dike (Chap. XIIIL., dike.
198) of syenitic rock (fine-grained eleolite syenite dike rock)
lying nearly parallel to the stream. This is bounded on
‘both sides by shales which have been metamorphosed to.
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'beautifully banded hornstones. The high cliff west of the
northeast corner of section 17, contains a combination of
various dikes (Chap. XIII., dikes 199 to 206) which is some-
‘what peculiar. Lying in the face of the clift three varieties
-of intrusive rock appear which are distributed as follows :
A dense, dark eleolite syenite dike 2 feet (0.6m) wide strikes
‘up the cliff at an angle of about 45° to the west. Near its
‘highest point two dikes of light-colored, syenitic rock, which
‘make smaller angles with the horizon, intersect it. One of
these is a pure eleolite syenite dike [eleolite porphyry (?) ]
‘while the other is a mixture of light and dark syeunitic
material. Each of these is about one foot (0.3m) wide and
the upper one which contains the mixed rocks makes an
angle of about 15° with the horizon, while the lower one
makes an angle of about 20° and cuts the upper one near
their common junction with the dark colored dike. Two
-other dikes of dark colored syenite are found in this cliff
‘but they do not intersect those just described.

On the side-hill across (southeast side) Cove Creek two
varieties of rock occur which difter quite decidedly from
-each other both in appearance and in composition. One of
these is black and heavy and forms the principal rock of
that side of the stream. It is well exposed in the steep
'banks which are from twenty to thirty feet (6 to 9m) high.
This rock appears to be a form of the Cove type of eleolite
‘syenite in which there is a great preponderance of black
winerals. It is very heavy and dark and presents the
appearance of a basaltic rock, but under the microscope it
is seen to lie between the true eleolite syenites and the mon-
-«chiquites in its ‘mineral composition. It has been classed
with the former for several reasons, among which are the
following : It is older than the light colored syenite dikes
which are found cutting it in dikes both large and small;
its chemical composition is nearer that of the mica eleolite
:gyenite than of the monchiquite or ouachitite of this region
_-or of other parte of the world; its minerals are more like
‘those of the syenite than of the monchiquite, as, for example
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the pyroxene which belongs to the diopside variety and not
to the basaltic augite. Moreover, the rock is cut in several
places by dikes of ouachitite, which indicates that it is older-
than the latter, and not of the same age as would be ex-
pected if it were grouped together with it in the monchiquite.
group. The fact that this dark rock is cat by sharply
defined dikes of light colored syenite in every direction
shows that the former must have been quite solid before the
latter was formed. The fragments of the dark rock have
sharp corners and angles and show that the rock was com-
pletely shattered by the intrusion of the younger rock. In
many places, especially near the house marked J. M. Henry
No. 8, this dark rock occurs only in very small pieces, but.
at other points it appears to have been broken through only-
in'a few cracks. For an illustration of this see the view:
looking up Cove Creek from a point due east of J. M.
Henry’s house (plate 15). In this illustration the white
dikes are the younger, light colored, syenitic rock which,
breaks through the dark rock.

On the side-hill above the point where the black rock
ceases (south of the northeast corner of section 17) there appears.
a comjaratively coarse-grained eleolite syenite, which resembles.
quite closely the syenite of the Diamond Jo type. This extends
up the hill to the point where the novaculites occur but above
them no trace of it can be found. The syenite only occurs as
loose boulders and it is so weathered that no microscopic deter-
mination of it can be made. On the west side of this same hill
there appears a dike of eleolite tingudite (Chapter XIII., dike
214) which is probably about 3 feet (0.9m) wide. Its exact
width and direction cannot be determined, because of the large
amount of talus derived from the novaculite capping the hill,
but it seems to strike straight up the western slope of the hill.
Oa the point of the hill above the end of this dike a small
deposit of rock belonging to the novaculite series occure which,,
although not very important at this locality, becomes so further
south and forms one of the carriers for the rare minerals of the
region. This rock consists of quartz crystals which are more or
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less perfectly terminated and which occasionally form the beauti-
ful rock crystal and smoky quartz so much sought after by the
mineral dealers of Hot Springs.* The crystals are, however, more
commonly pressed together into a loose mass which, on
being struck with a hammer, readily falls to pieces. These
m s3es are often so loosely cemented together that mere rubbing
in the hands suffizes to crumble the rock to a fioe sand. Mag-
netite grains of varying size and the remowned arkansite or
brookite which has been the subject of so much discussion
among mineralogists occur among these small quartz grains and
are imbedded on the surface of the large crystals. These
minerals will be described later under the head of metamorphic
mionerals (Chap. VIIL 11. A.), although it is not a: all certain
what part the igoneous rocks have played in their formation.

The side-hill south of the igneous dike mentioned above is
evidently cut by similar dikes, although in no case has it been
possible to determine the exact position of any of them. Their
preeence is, however, indicated by the loose blocks of rock found
here and there and by the growth of deciduous trees which cover
this part of the hill. This sudden change in arbora-
tion as indicating a change in the character of the underlying
rocks on the hills surrounding the Cove cannot be too strongly
emphasized.

West of this hill lies Chamberlain Creek and the space
between the latter and Cove Mountain, still further to the west,
is covered with both leucitic and eleolitic syenite dike rocks so
intermingled that it is impossible to separate them. The land
is almost all under cultivation and it is only here and there that
the leucite rock forms a mass of boulders so thick that tillage is
impossible. 8pots where such masses of syenite occur are marked
by a tangled growth of blackberry bushes and a second growth
of deciduous trees and are easily recoguized ate distance. There
is one small patch of shale due south of the house marked J. M.
Henry No. 8. This forms the top of a bank sloping steeply to
the creek on the east and which on its west side shows a decom-

© The principal source of the Hot Springs crystals is, however, not this rock but the

*  sandstone, in which the crystals appear in bo:h large and small segregations.
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posed, coarse-grained, miarolitic eleolite syenite. At this point it
only appears in a few outcrops and is so much decomposed that
notbing definite can be determined about it. In the stream near
the foot of this bank two dikes (Chap. XIIIL., dikes 221 and 222)
of a dark, heavy rock occur imbedded in shale and are evidently
assoeiated with the dark colored eleolite dikes already described.
The Cove Mountain forms the northern end of the horse-
shoe-shaped ridge which has already been described as consist-
ing principally of hornstone (page 177) and is itself composed
of this material. It is cut in all directions by dikes of various
igneous rocks and both sandstone and shale occur on it in a
comparatively unaltered condition. Some of the sandstone,
containing large crystals of pyrite (16 to 20mm) in a more or less
decomposed state appears on the crest of the northern end of
the hill. It is only a short distance away from the leucite
syenite dike rock which, on the northeast side of the hill, reaches
nearly to its top. Leucite tingudite and eleolite syenite dike
rock of the Diamond Jo type are also found there, but they are
8o covered up with leaves and mould that it is difficult to
determine their exact positions. On passing along this ridge
towards the south several alternations between the sedimentary
and igneous rocks are observed, as isshown on the map, but the
lines of demarcation between the different formations are not
sufficiently sharp to allow of their exact location. Boulders of
fourchite, which occur here and there scattered over the hill,
are occasionally so arranged as to suggest a weathered dike.
Noamerous large boulders, and a few rocks in place, which
consist of eleolite porphyry (Chap. VII. 11. B. 8), occur in a
cultivated field northeast of Dr. J. T. Thornton’s house at the
southern end of the ridge. These form the most characteristic
specimens of this rock which have been found and are those
which were taken as the type in the petrographic description
and from which the analysis was made. Their relations to the
other rocks of the region are, however, entirely masked by their
poor exposure and by the weathering which has taken place. It
seems probable that they constitute porphyritic dikes of the
eleolite syenite material which do not in appearance, structure
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or chemical composition correspond with the eleolite tingu ditea
found elsewhere.

In their chemical composition these rocks are connected
with the eleolite mica syenite, that is, the basic eleolite syenite
of the cove type, while the tingudites belong to the more acid
dike rocks of the Diamond Jo type. Just morth of Dr. Thorn-
ton’s house is a mass of hornstone which has been used as a type
for this material, the analysis of which will be found under its
proper heading (Chap. VIIL. 1.).

The southern end of the valley between Cove Mountain and
the novaculite ridge east of Magnet Post-office is filled with
leucite and eleolite syenite dike rocks but, as usual, the line of
separation between these two varieties cannot be sharply or dis-
tinctly drawn. At the point where Chamberlain Creek rounds
the bluff near Tom Ebbs’ blacksmith shop these two varieties of
rock occur side by side on both banks of the stream, as is shown
on the map, but even here their relations to each other are not
well defined. The lencitic rock crosses the ravine west of the
eleolite rock, and the two bands apparently lie parallel to each
other. The eleolite syenite forms a belt not more than 15 feet
(4.5m) wide between the leucite syenite and the sandstone. On
the north side of the stream there is but a small quantity of this
rock, and the line of contact between it and the sandstone de=
scends the steep bank in a northwesterly direction and crosses
¢o the west side where its occurrence has already been described
(p- 190). From Ebbs’ shop and extending south 20° east for
a half mile (0.8km) is a band about 500 feet (152m) wide of the
grapular, friable quartz rock and the rock containing the large
quartz crystals covered with brookite. The finest specimens of
these crystals are obtained near John Watts’ house. '

The leucite syenite dike rock fills the valley west of this
point and is well exposed just west of W. Atkins’ house. The
hillside south of Benj. Carr’s house is entirely covered with loose
pieces of Paleozoic shale intermixed with fragments of igneous
rock, but the former is probably the main rock of the hill. The
leucite syenite dike then bears to the east and near John Watts*
house a line of boulders of a miarolitic dike rock appears, The
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steep cliff above SBtone Quarry Creek at this point consists prin-
cipally of sedimentary rock and the leucite syenite dike rock
exists only at the top; but further to the east the syenite de-
scends to the bank of the stream and crosses to the opposite side.
Leucite tingudite appears in considerable quantities in the two
streams which enter Stone Quarry Creek from opposite sides
east of this point.

The igneous rock of this region is terminated on the east by
Paleozoic shale and the line of contact is found to lie along the
line of the north and south lane which forms the center line of
section 21. Pleistocene deposits cover the shale further to the
east. ‘

Leucite syenite dike rock covers the hill lying southwest of
the house marked Mrs. Winford No. 1, and, at its southeastern
corner, near the lane, becomes somewhat tinguditic, showing a
tendency towards an eleolite tingudite. Southeast of this a com-
paratively deep gully, made by Rowan’s Branch, separates the
igneous rock from the novaculite still further to the southeast.
Near the house marked I. Rowan, several dikes of eleolite syenite
and eleolite porphyry occur as well as a few consisting of ouachi-
tite (?) (See chap. XIII,, dikes 237-243.) These all trend in a.
westerly direction and near Stone Quarry Creek form a steep
bluft of eleolite syenite dike rock which is separated from the
leucite syevite dike rock north of it by a narrow band of sand-
stone. 'The eleolitic rock crosses the bed of the stream and forms
a not inconsiderable mass on the western side, extending almost
up to the leucitic rock described later. It iy from this southern-
most exposure of eleolite syenite dike rock (Diamond Jo type)
that the millstones already mentioned (see page 9) were quarried
and it is remarkable that the fragments of this rock are still com-
paratively fresh, notwithstanding the fact that they have been
subjected to the action of the elements under most trying con-
ditions for more than fifty years. .

Just north of this point the banks of Stone Quarry Creek
become very precipitous, but the steepest and highest banks are
not opposite each other, so that no narrow gorges are formed.

The alternation of these steep banks from one side of the stream
18 Geological; Vol. 1i., 1890,
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‘to the other may best be seen by an inspection of the map. The
highest and steepest bank rises 140 feet (43m) above the bed of
‘the creek and consists of a mass of leucite tingulite, above and
-on the south side of which leucite syenite dike rock appears.
This leucitic rock forms flat masses on the top of the bluff and
by the disintegrating action of the elements has yielded a large
number of loose, icositetrahedral crystals of pseudoleucite; it is
probable that from this point were obtained the specimens first
examined and described by Kunz (Chap. VII. 1. C. 1).

Where this leucite rock comes down the hill on the southern
side of the tingudite bluff, it appears almost like a lava stream,
but this resemblance is due to the weathering and exfoliation of
the rock and not to any true flow, for the Stone Quarry Creek
valley has been in a great part cut out since the intrusion of
these rocks. The leucite rock extends nearly to the eleolite
syenite dike described above and is only separated from it by a
parrow band of sedimentary rock.

At several points on the comparatively flat top of this hill
there are found spots covered with loose houlders of the green
leucite tingudite and at other points boulders of monchiquite may
be observed. The location and approximate extent of these
-deposits is indicated on the map, but very little reliance can be
placed upon the accuracy of the details in this instauce, since the
position of the rocks could only be determined from loose
material. The southern boundary of the leucite syenite dike
rock is approximately a straight line which falls in line with the
syenite dikes near Rowan’s house, and which extends towards
‘the west, with only one break, to beyond the Diamond Jo quarry
described later. On a small spur on the southwestern side of
this hill a small area of eleolite syenite of the Diamond Jo type
appears, and between that and the leucite rock, from which it is
separated by shale, there are a few boulders of ouachitite.

The specimen of leucite syenite dike rock represented in
plate 17 (S8ee Chap. VIL. 11. C. 1) was found on the mass of
leucite rock which comes down to the creek from the east,
nearly opposite to the high bluff just described, and well
illustrates the frequency with which the pseadoleucite crystals
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occur. A little farther up the stream, but still on the east bank,
the altered sedimentary rock appears and forms a point which
-extends toward the west. The leucite syenite dike rock then
appears again at the water’s edge and forms a considerable mass
-on both sides of the stream. The sedimentary rock forming the
bank further up the stream cuts off this rock and is itself finally
‘supplanted for a distance by a dark, porphyritic eleolite rock, but
it appears again at the point where the valley bends to the east.
“Opposite this point is the bank described (page 193) where the
leucite dike rock is ou top of the bank while the shale forms its
lower slopes. West of this the whole hill as far as Versar’s
Branch is made up of shale, but the point which extends from
the main ridge toward the south and forms the dividing line
between Versar’s Branch and Stone Quarry Creek, is made up
-of an extremely confused mass of leucite syenite dike rock, leucite
‘tingudite, eleolite syenite dike rock, both coarse- and fine-grained,
-and of metamorphosed sedimentary rock. The approximate
positions of these various rocks are indicated on the map, but as
‘most of the country is thickly wooded and the character of the
‘rock could only be determined from the loose pieces found, the
lines of separation are, therefore, not very accurate. The small,
‘narrow projection on the east side consists of an eleolite syenite
-dike (Diamond Jo type) and bears a strong resemblance to a
lava flow, butis the result of unequal weathering and erosion. On
the west side of Versar’s Branch the land is mostly under culti-
vation as far as the road along the ridge, while the rest is
-covered with woods in which little or no rock can be found in
place. The lower part of the hill and the stream bottom are
probably made up of shale which on the higher parts of the hill
~contains green and black leucite tingul ite as well as hornstone
and a five-grained, porphyritic syenite. Boulders of fourchite
and monchiquite have been found here and there, as for ex-
-ample, on the highest point of the hill, but they are not at all
-common. The top of the ridge consists principally of hornstone
which extends down to the eleolite garnet syenite on the inside
-of the Cove basin. The ridge is occasionally crossed by the
black eleolite tingudite which can often be traced by means of
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boulders for some distance in a general west-northwest direction.
The positions of these dikes are indicated on the map, and some
of them are numbered and described in the general table.
(Chap. XIIL).

Southwest of the house marked J. N. Johnson No. 1, there:
occurs a green leacite rock which, when broker, does not present
the glassy appearance so characteristic of the dike form of
leucite tingudite. It contains large crystals of pseudoleucite
some of which are more than three inches (76mm) in diameter.
They usually weather white and appear as large, white, polygonal
(usually hexagonal) spots on the dark, bluish green stone. The
weathering of the mineral and the matrix seem to take place at
equal rates, so that the surface of the rock always remains.
smooth. It is impossible to discover the exact extent of this.
rock or of the black eleolite porphyry or tingudite with which
it is closely connected both in position and origin. It is, how-
ever, not improbable that this green leucite tingudite marks the:
northwestern limit of the leucitic rock forming the high bluff
already described (page 194), east of it and that the eleolite
porphyry is only a phase of the same rock. Somewhat further
south, but still on the same hill, there appear boulders from one
of the eleolite tingudite dikes mentioned above, (page 196) as
well as loose pieces of monchiquite rock and fragments of shale.

In front of J. N. Jobnson’s house and all along the “ridge
road” boulders of tinguiite and of fourchite occur but it is only
in rare cases that they can be located with any accuracy.

The ridge forming the southern boundary of the Cove con-
sists principally of hornstone which is separated from the
eleolite garnet syenite by the white, spotted rock mentioned
above and occurring south of J. F. Moore’s house (page 179).
The hornstone forms the top of the hill and is frequently in-
tersected by dikes of eleolite tinguéite and hy small masses of
rock belonging to the monchiquite group. In many places it is.
absolutely impossible to decide which of the boulders belongs to
the prevailing rock of the locality. Near J. D. York’s house
and on the lane running thence toward the south there is
much eleolite tingudite and monchiquite exposed ; it seems
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more probable that these rocks are in the form of narrow dikes
in the hornstone than that they conmstitute any considerable
independent masses. The line of junction between the horn-
stone and the leucite syenite dike rock keeps near the crest of
the hill and is at this point marked by the occurrence of tin-
guaite. The leucite syenite dike rock forms the greater part of
the mass of the igneous rock, but it is found in many cases to
change almost imperceptibly into eleolitic rock of either the
Diamond Jo or the garnetiferous eleolite syenite (ridge) type.
About half way down the southern slope of the ridge several
parallel bands of sedimentary rock appear. These are not very
wide but they seem to follow a nearly east and west course
and, if their appearance in successive gulleys and roads may be
taken as an indication, they seem to be continuous. The whole
side-hill is covered with loose boulders of syenite and scattered
here and there among them loose pieces of sedimentary rock
occur, indicating that the latter is probably more plentiful
among the igneous rocks than might be supposed. The presence
of these loose pieces of rock is indicated on the map by crosses
and bands of the sedimentary color over the igneous back-
ground.

Some clue to the conditions under which the rocks of this
ridge have been formed may be obtained from the occurrence of
& dike* of eleolite syenite lying about 200 feet (61m) south of the
main mass of igneous rock. This dike has been traced in an east
and west direction for over 1500 feet (457m) and seems to be

Figure 9. Section south of Diamond Jo Quarry Magnet Cove. Scale=1 : 1606 (100 feet=14
inches).

A. Eleolite syenite dike rock (Diamond Jo type).
B. Metamorphosed sedimentary rock.

C. Paleozoic rock.

D. Eleolite syenite dike.

¢ Dike 288 of table in Chap. XILI and map IV,
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perfectly uniform in width throughout its entire length. It.
comes up through the shale in a direction almost parallel to the
contact between the shale and the south side of the main mass of
rock of the Diamond Jo quarry (Fig. 9). A band of shale sep-
arates the two exposures and shows that each of the masses of
igneous rock was intruded into the sedimentary rock across the-
stratification, but in the direction of its strike. The same thing-
has been repeated several times further up the hill and differs.
from this case only in the fact that there the masses of intrusive
rock are larger and the sedimentary beds narrower. 1n this way-
the numerous bands of shale and the fragments of sedimentary
rock found among the igneous rocks are accounted for. In.
most cases where the sedimentary rock is found in place in the-
- stream beds a band of tinguéite occurs on either one, or both
sides of it. This shows very conclusively the border character
of the tingudite and the intrusive character of the syenitic dikes.

. The southern edge of the main igneous mass coneists prin-
cipally of an eleolite syenite dike rock which in some places.
passes into an eleolite tingudite. The eleolite syenite dike rock
has been opened at the point marked ¢ Diamond Jo Quarry ” *
and has proved itself to be a superior building stone both in ap-
pearance and durability. It is, on the southern side of the open-
ing, in direct contact with the sedimentary rock which it has.
metamorphosed for a distance of several feet from the line (See
chap. VIII. 1). The contact is shown in plate 18 (Chap..
VI1IIL. 1.) and a general view of the quarry is obtained from plate
16. Ib the latter picture the peculiar weathering of the eleolite
syenite into boulders which lie buried ouly a short distance
below the surface is shown by the line of such boulders on top of
the main body of the rock. The rock of the quarry which, by
the way, like all the other syenites of Arkansas is called granite,.
shows numerous variations in structure and size of grain. It
takes a beautiful polisb and is a most ornamental and desirable-
stone for interior workt. In regard to its mineral constitution

¢ This quarry wasowned hy the late Mr. Jo Reynolds of Chicago, 1ll. and was pur-
chased by bhim in order to supply the Hot Springs Railroad, of which he was the principad
owner, with a good material for bridge plers, arches and buildings.

1 8ee the frontispiece (plate 1) in which a polished surface of this stone is reprodaced.
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and structure the reader is referred to the petrographical de-
scription of the eleolite syenite dike rock (Diamond Jo type)
(Chap. VII. 11, B. 1).

At a point just west of the quarry a large rock was found
which shows very well the intimate relations existing between
the eleolite rock of the quarry and the leucite rock just north of
it. This mass of rock consists principally of leucite syenite dike
rock and between the masses of that material the eleolite syenite
dike rock forms a cementing mass showing a sort of fluidal
structure in some places and at other points forms a coarse
crystalline mass, witheut any indication of a magmatic flow and
much resembles the rock from the quarry. Itis evident from
the indistinct lines of separation and the mutual interpenetra-
tion of the two rocks that they were formed from the same
magma by different conditions of crystallization and not by the
subsequent eruption of the eleolite rock and consequent re-
smelting of a previously formed leucite rock. The accompany-
ing sketch of this rock (Fig. 10) was drawn from a large photo-
graph which was not suitable for direct reproduction.
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Fig. 10. Eleolite and leucite dike rock near Diamond Jo quarry. Seale=1 : 10.
4. Leucite syenite dike rock. B. Eleolite syenite dike rock.

On the road from Cove Creek station to the top of the ridge
near the house marked R. F. Orr No. 1, the recurrence of the
various bands of igneous and sedimentary rock may be studied
in detail to advantage. A narrow band of eleolitic rock
crosses the road just south of the house marked J. H. Lecroy
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No. 1, (Chap. XIII., dike 134) and is, possibly, the western
prolongation of the dike which lies south of the Diamond Jo
quarry, although it does not resemble it in structure. This dike
is much more tinguditic or lamprophyric in its character than
the coarse-grained syenitic dike. There are two dikes of this
character not far apart but north of them and to the point where
the main mass of syenite is reached an arenaceous shale consti-
tutes the hillside. The main mass of igneous rock begins with a
lencite syenite dike rock instead of with an eleolite rock, as
might be anticipated from what has been observed at the
Diamond Jo quarry, and the road is then crossed by two bands
of sedimentary rock as already mentioned (page 174). These
are separated by a black, dense eleolite syenite and above them
an eleolite syenite occurs. Next to thisisa band or mass of mon-
chiquite (fourchite), then more leucite syenite dike rock appears
and a second band of fourchite crosses the road. The leucite
syenite dike containing the large crystals which has been pre-
viously mentioned as appearing in front of R. F. Orr's house,
No. 1, crosses the road next above these and on both sides of it
are found narrow bands of green leucite tingudite. Beyond this
the road descends into a slight depression, where is situated a
train of loose boulders of fourchite; beyond this the road forks,
one branch of it running along the ridge to the east and the
other branch crossing over into the Cove. The latter passes
first over hornstone in which there are evidently numerous dikes
of both eleolite tingudite and members of the fourchite group as
is shown by the loose boulders of these rocks scattered every-
where among the fragments of hornstone. Near the junction of
the road running from J. Neusch’s house toward the north there
is considerable fourchite, but it is probable that it does not form
as large a mass as its boulders would suggest or as is indicated
upon the map. Just before coming to the band of light colored,
speckled, metamorphosed rock, a dike of the eleolite tingudite
with the large feldspars, similar to those already mentioned (p.
178), occurs. Beyond this the road crosses the light colered,
speckled and banded rock and then passes to the eleolite garnet
syenite (ridge type) as already described.
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The minute description of the sequence of the rocks ob-
served in this road has been given as a specimen of the confusing
. way in which the rocks succeed one another and in order to give
some idea of the difficulty of tracing out the various kinds of
rock where they are not exposed in a road but are concealed by
80il and vegetation.

On the continuation of the ridge of the hill to the northwest
of the area covered by fourchite (center line between 8. E. and -
8. W. quarters of section 19) several dikes or masses of black
«eleolite tingudite appear which are very well characterized and
resemble that found lower down on the west side of the same
hill and already described (page 178).

With this description the ¢ magic circle’” about Magnet
‘Cove is completed and while only in one or two cases has a de-
tailed description of the occurrence of the rock been entered
into, it is hoped sufficient has been said to make intelligible
the petrographic description of the rocks themselves which
follows in the next chapter.

In describing those dike rocks shown on the Magnet Cove
map a8 lying outside of the Cove ring it has been thought best to
- arrange them in the form of a table and not to attempt any de-
tailed description of them in this place. The numbers in the
table refer to the numbers on the map and are used for the most
part only for those dikes which can be represented solely by
lines and whose character cannot be determined from the color-
ing of the map. (See Chapter XIIL.).

Some of the tingudite dikes lying outside of the Cove need,
however, a few words relative to their occurrence in general and
-as this matter cannot be given in the table it is added here,
In some cases these dikes are not noted in the table.

The leucite tingudite dike cutting across Cove Creek about
‘three hundred feet (91m) below the railway bridge extends to
the west across the south end of the small hill shown on the map.
About 300 feet (91m) further west it is lost in the Pleistocene
giavel, .

Another dike (Chap. XIII., dike 48) of similar material
begins one-third of a mile (5636m) further south and makes nearly
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a quarter of a circle ending at the foot of a steep ridge covered
with novaculite debris and not far from the section line between
sections 25 and 26. (Dike not shown on the Magnet Cove map..
See map I.)

Again west of Teager Creek about a quarter of a mile
(400m) west of the curve at the point where the Hot Springs.
railroad comes nearest to the east and west line of sections 23
" and 26 a similar dike (Chap. XIII., dike 47) appears and ex~
tends to the north until it intersects the Hot Springs railroad at
a point about 300 feet (91m) west of the bridge over Teager-
Creek.

The rocks of these dikes are of a greenish color, but some of"
them show a denser and more compact structure than the others..
In that portion of the last mentioned dike which lies nearest to-
the railway many large, flat, tabular feldspar crystals occur-
which in their crystal form resemble sanidine very closely.
They are so weathered that no investigation of their lustre,
optic properties, or general physical characteristics can be
made.



CHAPTER VII

MINERALOGIC, PETROGRAPHIC AND CHEMICAL CHARACTER=

18TICS oF THE IGNEOUS Rock FROM MAGNET COVE.

I. Special Petrographic Literature.
II. Petrographic Description of Feldspathic Rocks.
A. Eleolite Syenite.
1. Eleolite mica syenite (Cove type).
2. Eleolite garnet syenite (Ridge type).
3. Miarolite eleolite syenite.
B. Eleolitic Dike Rogks.
1. Eleolite syenite dike rocks (Diamond Jo type).
2. Eleolite eudialyte syenite (pegmatite).
3. Eleolite Porphyry.
4. Eleolite Tinguiite.
C. Leucitic Dike Rocks,
1. Leucite Syenite dike rock.
2. Leucite Tingudite.
a. Border type.
b. Dike type.
III. Petrographic Description of Augltic Rocks.
A. Fourchite Group.
B. Monchiquite Group.

I. SPECIAL PETROGRAPHIC LITEQATURE.

Magnet Cove has been so often mentioned in connectiom
with the minerals that occur there that it is remarkable that:
more attention has not been paid to the petrography of the rocks.
in which and through whose agency these minerals have been
formed. As it is, the few articles reviewed in Chapter IL. are
the more important of those which have been published; they-
are the only ones which have any direct bearing on this subject..
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Some of these papers deserve more minute attention than they
‘there received and consequently this section has been devoted to
their discussion.

Featherstonhaugh.—From Featherstonhaugh’s report* it
-appears that he grasped the relation of the igneous to the sedi-
‘mentary rocks in so far as their relative ages are concerned, for
he says: ¢ From a careful examination of the different portions
-of this most interesting cove, I came to the conclusion that the
whole structure of this elevation, as far as its exterior as well as
its interior slopes were concerned, was an old greenstone be-
longing to the intrusive rocks, and occupying, for a limited
-space, a place amidst the old red sandstone. * * It is im-
possible to look at this quasi-circular brim and the cove below,
and take into consideration, at the same time, all the minerals
-and metals found there, without being impressed with the opinion
that it is the result of a very remote volcanic action, and is,
perhaps, one of those extremely ancient craters that may have
preceded those of which basalt and lava are the products.” Thus
he distinctly speaks of the rock as being of intrusive
origin, but seems to have been impressed with the idea
~ that the cove is an extinot crater. In speaking of the
rocks which he found in the interior of the cove he says
p. 62): “In wvarious parts of the bottom, I found
large masses of decomposing felspar, studded with black
tourmalines, + some of which were in long prisms, whilst others
formed a stellated figure of beautifully delicate acicular rays.
‘SBome of the feldspathic rocks were filled with amorphous
'masses of white sulphuret of iron, believed by many persons to
be silver. In other parts of the cove I found masses of
-coarse grained syenite consisting of red felspar,} hornblende, ||
mica, and some quartz.” § He then describes the magnetic iron
ore and states it as his opinion that ‘“masses of the metal of
prodigious extent” exist below the surface.

* Geological Report of the Elevated Oountry bet. the Missouri and Red Rivers, p. 63,
1 Evidently the large ®girite orystals so well known from this locality.

1 The piak eleolite of the eleolite syenite.

| Egirite imbedded in the rock.

¢ Yellow eleolite in the eleolite syenite,
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Powell.—In a foot note in his work on Fourche Cove *
W. B. Powell writes as follows: ¢ From specimens I have.
seen from the Saline, Magnet Cove and Little Missouri (and-
other similar locations mnay exist unknown to the scientific) I am,
justified in concluding that this formation (granite and its.
immediate associates) with slight variations, continues southwest
from the Fourche Cove a hundred or so miles.”

Shepard.—The mention made by C. U. Shepard of eleolite t
and eudialyte{ have already been noted under the general
literature and are important as being the first recorded identi-
fication of the mineral eleolite and therefore the first suggestion,
of the existence of an eleolite syenite in this region.

In a foot note to the earlier of these two articles Shepard:
describes from Magnet Cove the following rock which he re-
ceived from Rev. E. R. Beadle of New Orleans:—

“ From Magnet Cove, (Sec. 19, 3 8., 17 W.). A ryakolite--
porphyry with a dark green basis. The rock contains little
specks of a rich, azure blue mineral, which I am unable at.
present to determine.”

Owen.—In his report upon the Geology of Arkansas ||
D. D. Owen describes Magnet Cove in detail. He gives the
following list of minerals found there :—

‘‘ Black garnets, crystallized. Iron pyrites, crystallized and
Green, yellow and black mica, amorphous.

crystallized. Strontianite ? crystallized.
Bchlorlamite, erystallized. Arkansite, crystallized.
Quartz, crystallized. Elw®olite, crystallized.
Lydianstone. Actinolite, crystallized.
Agate. Epidote, crystallized.
Pyroxene, crystallized. Arragonite, crystallized.
Hornblende, crystallized. Tale.

Magnetic iron ore. and, no doubt, many other minerals exist not yet.
enumerated.”

Under the head of “most prevalent rocks” he mentions :—
Novaculite. Milky quartz. Hornblende rock.
Quartzite. Chert. “ porphyry.

@ A Geological Report upon the Fourche Cove, etc., p. 6.

t Am. Jour, Sci., Series 2, Vol. II., 1846, p. 249,

1 Am. Jour. Sci., Series 2, Vol. XXXVII., 1864, p. 405.

| Second Report of a Geological Reconnoissance of Arkansas, etc., p. 80-31,
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“Bienite. Burrstone. Hornblende slate.
“Granite. Kisselschiefer. Schorlamite rock.

He mentions the magnetic iron ore and the extremely pure
form of titanic oxide which is known as brookite or arkansite.

Again, on pages 104 and 105 Owen refers to Magnet Cove
-and describes the magnetic iron ore more in detail and gives
a chemical analysis of it. (See chap. VIL 11. A. 1). Ia regard
10 its occurrence he says: ¢ The lapping of the arable land on
the margin of the magnetic iron ore conceals its relation to the
-adjacent rocks; but from the minerals ploughed up in the fields
-on the south and southeast, the magnetic iron ore seems to be
surrounded, in part at least, with mica slates. Along with the
large flakes of this mineral, brought to the surface by the plough,
.are beautiful crystals of augite, and black garnets. Adjoining
the flucan of mica is a schorlamite granite.” * * *

“A ghort distance on the west side of Cove Creek, on the
west part of section 19,a heavy vein of calc spar forms a low
-ridge, twenty or twenty-five feet in height. This calc spar can
be traced 400 yards; and adjoining it, especiall;' on the west, a
great variety of minerals can be found, amongst which the ores
of Titanium are the most interesting. Still further to the west
and south, different varieties of granitic and augitic rocks prevail,
succeeded on the northwest by the so-called ‘Mountain rock’
passiog into quartzite and novaculite.”

Foster.—In 1869 J. W. Foster published a book on the
physical geography of the Mississippi Valley,* in which he
mentions the rock of Magnet Cove in a general way. ¥ On page
255 he states under the heading of ¢ The Lake Superior System”’
the following theory: ¢At that time, the Alleghanies and
Rocky Mountains had not assumed their form and direction, and
the only objects which rose above the barren waste of waters to
break the monotony of the scene, were a few isolated islands,

* The Mississippi Valley: its Physical Geography, including sketches of the topo-
-graphy, botany, climate, geology, and mineral resources; etc., by J. W. Foster, LL. D,,
Chicago (8. C. Griggs and Company), 1869.

1 This and the mention of the ‘‘isolated patches” of “crystalline rocks” of Fourche
*Cove in the same volume should have been noticed in Chapter IL. on general literature, but
Foster’s work was not seen by the writer until after that chapter had passed through the

Jress.
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like the Iron-Mountain region of Missouri, Magnet Cove of
Arkansas, and perhaps the Washita Mountains of Texas, the
Black hills of Nebraska, and the Central Plateau of Colorado.
No form of vegetable life, at that time, clothed the slopes of the
hills, no forms of animal life roamed through the valleys, and
even the waters were tenantless. It was emphatically a petrified
continent, rigid and stony.”

In a foot-note to this statement Foster writes: ¢ This
generalization was made by the writer (Foster) as far back
as 1851, and was communicated to the American Associa-
tion for the Advancement of Science, at the Cincinnati
Meeting of that year.” *

On page 265, under the head of “Azoic SBystem” Foster
states: ‘““In Missouri and Arkansas there are isolated
patches of these rocks, which appear to have been islands in
the old Silurian sea, and it would seem that portions of the
region occupied by the Rocky Mountains served as the floor
of the Azoic ocean, on which the purely sedimentary
deposits were formed.” * * ¥

Kunz.—In 1885 Geo. F. Kunz read a paper before the
American Association for the Advancement of Science at
the Ann Arbor Meeting t on “4 Pseudomorph of Feldspar
after Leucite (?) from Magnet Cove, Arkansas,” in which he
describes the mineral and gives the results of a chemical
analysis by Dr. F. A. Genth and of a microscopic examina-
tion by Dr. G. P. Merrill. These examinations will be re-
ferred to again, but the point which is of importance here is
the inference which Kunz draws from the occurrence of

« Foster doesnot seem to have included the Magnet Cove rocks in his earlier state-
‘ments for in ap abstract of an article by J. W, Foster and J. D. Whitoey entitled ‘‘ On the
Azoic System, as developed in the Lake Superior Land Distric”’ (Proc. A. A. A. S., Fifth
Meeting, 1851, p. 7) the following sentence appears: * From the detailed explorations of Mr .
“Ch. F. Mersch, communicated to them, (Foster and Whitoey) and wbich they proposed soon
to publish, there could be no doubt that the Missouri iron region belonged to the same system
of upheaval (as the Lake Superior region), and occapied the same relation to the Silurian
8System.’” In this article Foster makes no note of any Azoic region south of the Missouri iron
vegion.

1 Mineralogical notes by Geo. F. Kunz., Proc. A. A. A. S, Vol, XXXIV., Ann Arbor
Meeting, 1885. Salem, Mass., 1886, p. 243, Also in the Am. Jour, Scl., Series 3, Vol, XXXI.
1886, p. 4.
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these pseudomorphs. He says:  Heretofore leucite has
never been observed in this locality, but if this proves to be an
alteration from that mineral, leucite may yet be found in its
unaltered form and in considerable quantity, judging from
the abundance of pseudomorphs forthcoming.” This is the
first suggestion that was made of the possible occurence of a
leucitic rock at Magnet Cove, but shortly after, in the year
1887, Rosenbusch published the statement already quoted
(page 17) in which he suggests the probability that the leucitic
rock is connected with the eleolite syenite which occurs in
that region. '

Comstock.—Few statements are made by T. B. Comstock*
regarding the igneous rocks of the Cove, but he mentions
many minerals in the text and gives a list at the end of the
volume in which the occurrence of a large number of
minerals in this region is recorded.

II. PETROGRAPHIC DESCRIPTION OF FELDSPATHIC ROCKS.

A, Eleolite Syenite.
1. Eleolite Mica Syenite (Cove type).

This rock in a fresh comdition seldom occurs over a large
area, but it is almost invariably partially or completely de-
composed. In a few places, however, where it has been some-
what protected by the overlying deposits and where it is not as
coarsely crystalline as usual it has preserved its structure and
forms a beautiful example of a syenite in which eleolite has
almost completely replaced the orthoclase.

It is a very coarsely crystalline rock in which the individual
minerals often reach many centimeters in size. Thus for ex-
ample weathered specimens of biotite (protovermiculite) have
been found which are 20 to 30cm (8 to 12 inches) in diameter and
8 to 10om (3 to 4 inches) in thickness. Eleolite, schorlomite
and apatite crystals which correspond in size to the protovermic-
ulite also occur imbedded in the decomposed rock.

The rock is a hypidiomorphic granular mixture of eleolite,

* Annual Report of the Geological SBurvey of Arkansas for 1887, Vol. L., pp. 81 and 82,
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garoet (schorlomite and melanite), pyroxene and biotite, with
large quantities of apatite, magnetite, titanite and ilmenite. It
has a general pinkish color with dark colored spots which have
a greenish hue due to the pyroxene and slightly decomposed
biotite. As has already been stated the grain of the rock varies
very much, ranging from exceedingly coarse to comparatively
fine, but the rock is in each case characterized by the presence of
eleolite and biotite and by the almost complete absence of
feldspar.

In regard to the microscopic structure there is little to be
said for in most cases the rock is too decomposed to allow of
sections being made. BSections have, however, been cut from the
finer grained, dike-like masses in which the physiography of the
individual minerals could be studied.

Eleolite occurs in large allotriomorphic masses which only
rarely show any indication of a crystalline form. It varies from
a flesh-red to an oily yellow or brown and not infrequently
assumes a decidedly gray color. It has the characteristic oily
lustre from which the mineral derived its name and shows the
usual want of distinct cleavage.

Microscopically, the eleolite is seen to be, in most cases,
bounded by the older constituents of the rock but in a few cases
it is idiomorphic and appears as short hexagonal prisms, It
weathers easily; in fact decomposition has in most cases gone so
far that it is extremely difficult to obtain a section of the rock
at all.

The eleolite, like many of the other constituents of this
rock, occurs in loose masses in the soil. Occasionally rounded
pieces several centimeters in diameter have been found. These
masses are usually of a pink or gray color and are translucent to
semi-transparent. They are known as sun-stones and have been
cut for ornamente.

Eleolite was observed at an early date at Magnet Cove but
all the earlier writers called it red feldspar* and it was not
until C. U. Bhepard saw a specimen of it that it was called by its
right name. Shepard in a foot note to his article on the new

© See Featherstonhaugh’s and other reports,
14 Geological; Vol. ii., 1890,
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minerals from Magnet Cove* makes the following statement:
“The elwmolite with whioh this (schorlomite) and the foregoing
species (ozarkite and srkansite) are found, and which bad been
called a compact red feldspar, is a remarkably well characterized
variety ; is perfectly fresh and unaltered, forming a grayish
flesh-red, oily, translucent mineral. Its sp. gr.=2.60. H.=6.0.
It is fusible into a colorless glass and in a state of powder at
once forms with warm nitric acid, a flesh-colored jelly.”

In 1853 J. Lawrence Smith analyzed the eleolite from
Magnet Cove and it is probable that his material was obtained
from the eleolite mica syenite. Smith describes the mineral in
his articlet as having a hardness of 6.0; specific gravity, 2.65 ;
color, flesh-red ; lustre, greasy ; structure, massive. The chem-
ical composition is expressed by the following analysis :—

Analysis of eleolite (Smith and Brush.)

Bi0; ceceernniirininnnressrniiinesannsnnees 44.46
N I U R 30.97
Fe,0y and FeO.......ccoeeveerernnnans 2.09
L0710 2O N 0.66
2 &0 TR 5.91
N8O e ceterrenrnesaeressnessereeransens 15 61
Ignition ..cccceeerneneiiins voe aeirees '0.95

Total coeeeeriieernriiirnnseeess 100.65

Smith states that the mineral examined was furnished by
Mr. Markoe, of Washington, and was the specimen from which
the ozarkite, analyzed and described in a previous paper}, was
-obtained.

Orthoclase occurs in much decomposed crystals of which it
has been impossible to study the microscopic structure. They
are often 5 or 6mm in diameter hut are not frequent in the rock.
They are older than the eleolite and are idiomorphic as regards it.

Biotite appears under the microscope in large sections and
is of a very light reddish or brownish yellow color when seen in
non-polarized, transmitted light. The color is not uniformly
distributed over the whole crystal but appears in spots and

« Am. Jour. 8cl. Series 2, Vol. IL,, 1846, p. 253.

t Re-examination of Awmerioan Minerals, Part III., by J. L. 8mith, M. D,, and
George J. Brush, Ph. B. Am. Jour. 8cl, Series 2, Vol. XVI., 1858, p. 371.

1 Re- examination, etc, Part IL. Am. Jour, Sci. Series 2, Vol. X VL., 1853, p. 50.
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blotches, a peculiarity probably due to the beginning of de-
composition. The mineral is quite pleochroitic with a variation
in color between light yellow and reddish brown; the darker
<olor being present, as usual, when the cleavage cracks of the
biotite are parallel to the longer diagonal of the lower nicol. In
convergent polarized light a black cross appears in sections
which are approximately parallel to the cleavage-planes and in
most cases the cross remains closed during a complete revolution
of the stage. In some instances it opens slightly, but in no case
bas an angle of more than 2° or 3° been observed between the
hyperbolas.

These characteristics, when taken in coonection with Dr.
Konig’s analysis of protovermiculite* which is formed by the
more complete alteration of this mica, indicate that the mica was
originally biotite. This may be more clearly seen from the fol-
lowing considerations : if Konig’s analysis be recalculated sub-
stituting for some of the water the potassium which it has re-
placed and rejecting the rest of the water the following figures

result :—
Analyses of fresh and decomposed biotite.

L I IIL

CONSTITUENTS. | proper oo

ulite, No. 1. recal- Biotite,

culated. Mt. Vesuvius.

Magnet Core.
83.28 39.80 89.75
14.88 17.80 15.99
6.36 7.60 8.29
0.57 0.70  Jeerverreicense wereen
MgO....covvenernerrenne 21.52 25.74 24.49
(& L [ 0.87
K,0 N 8.86 8.78
H30 (cryst)..cceen. 886 |uverinieninnens 0.75
H30 (bydr.)........ 20.54 -
Total ..... 100.51 100.00 93.92¢

* Proc, Acad. Nat. Sci. Philadelphia, 1877, p. 277; also Am. Jour. Sci. Series 8, Vol.
XVI. 1878, p. 152.

tIo this analysis as quoted by Dana (l. c.) 0.10 gangue is noted and the total of the
analysis is given as 98.62 while it should be 99.02 if the constituents are all correctly quoted.
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I. Protovermiculite Magnet Cove, analyzed by Kinig (loe. cit.).

II. Protovermiculite recaloulated as described above.

III. Biotite, Mt. Vesuvius, analyzed by Bromeis. (Pogg. An-
nalen, Band LV.,, p. 112. Cited from Dana’s System of Mineralogy, 1868,
p. 305).

1t is evident from the above analyses that the composition
of the protovermiculite becomes that of a normal biotite when
these recalculations are made, ae is shown by comparing it with
an analysis of biotite from Mt. Vesuvius.

The biotite in the solid rock is usually found to be altered
about the edges and to have becoms greenish in color. Such a
change of color without any alteration in the optic properties
is mentioned by Rosenbusch.* It is seldom that the crystals
show sharp edges but they are usually frayed out and broken.

Garnet appears in this rock in two varieties. The older of
these consists of small idiomorphic crystals which under the
microscope show a zonal structure the character of which is very
distinctly brought out by the strong contrast between the reddish
brown centers and the light yellow exterior bands. These alter-
pations of color often recur several times in one crystal and hence
it is seen to be made up of concentric bands. These crystals are
melanite in which varying amounts of iron and titaniam have
caused a variation in color. They include apatite and biotite,
but are idiomorphically bounded when they come in contact
with the diopside and eleolite. Like all the garnets observed in
these rocks they show no optic anomalies.

The garnets of the younger generation are entirely without
crystal form and are bounded by the elevlite as well as the di~
opside and biotite. They are of a very dark brown color and
are filled with inclusions of all the other minerals. They are
perfectly homogeneous and show no zonal stractare like the pre~
ceding variety. From their deep brown color and their want of
crystal form it seems probable that they are richer in titanium
and iron than the melanite and belong to the variety schorlomite.
They fill in the spaces between the other minerals and it is not
uncommon to find them in direct contact with the melanite, ap~
parently forming a continaation of it.

¢ Physlographie, Vol. L., p, 455.
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Schorlomite occurs principally in the large rounded masses
associated with protovermiculite, magnetite and other minerals
from this rock. It is probable that these masses of schorlomite
bad their origin in the igneous rock, but it is possible that they
are metamorphic minerals formed by the contact of the igneous
rock with the calcite which occurs in this region. (See chap.
VIIL 11. B.) ,

Schorlomite forms rounded masses of a bluish black
color and is characterized by its want of crystal form and
the pavonine tints which are generally presenton its surface.
It has probably never been found in crystals, although
Shepard (see below) supposed that he had seen such. Zonal
structare and concentric shells of difterent colors or shades
are often observed. The rounded masses are usually
penetrated by apatite prisms and occasionally a fragment of
a mica crystal is imbedded in one of them. It resembles
very closely the darker varieties of melanite which occur in
this region, but is distinguished from that mineral by its
bluish black color and iridescence.

The mineral was first described in 1846 by C. U.
Shepard * who named it schorlomite from its resemblance to
schorl or black tourmaline. Shepard found some small
crystals which he considered identical with the massive
material which he had had tested chemically and he there-
fore describes schorlomite as follows :—

“ Primary form. Rhomboid. Dimensions unknown.

“ S8econdary form. Hexagonal prism, with lateral edges
truncated by narrow and brilliant planes. Cleavage indistinct.
Fracture conchoidal. Surface of the broader planes rather
dull, of the narrower ones smooth and brilliant. Lustre vit-
reous. Color black, Streak grayish black, with a tinge of
lavender-blue. Tarnished with blue and pavonine tints, thus
causing it to resemble specular iron, (for which substance it
has been mistaken.) It also resembles some varieties of
bluish black, massive, or imperfectly crystallized, tourmaline.

“ Hardness=7.0 to 7.5. Specific gravity=3.862.”

*On Three New Mineral ¥pecies from Arkansas and the discovery of the Diamond in
North Carolina by C. U. 8hepard, Am. Jour. Sci., Series 2, Vol. I1., 1846, p. 249,
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From a qualitative chemical examination 8hepard con-
cluded that the mineral contained “silica, yttria, thorina (?),.
oxide of iron and water, and no oxide of cerium or
lanthanum.” He suggests that the mineral approaches in
some of its properties allanite and gadolinite but is suffi-
ciently different to deserve a new name. Shepard states
that the mineral occurs in a specimen containing ozarkite
and that the crystals are very minute, but that large, rough
pieces of it occur with the large eleolite masses and that the
former are often penetrated by the gangue uatil in some
cases leas than half the crystal consists of the pure mineral.

In 1849 two papers appeared independently, both show-
ing that Shepard’s idea of the chemical constitution of the
mineral was incorrect. C. Rammelsberg’s paper was en-
titled “ Ueber die Zusammensetzung des Schorlamits * eines.
neuen titanhaltigen Minerals.”

He reviews Shepard’s description of the mineral and
then gives two analyses which are as follows :—

Analyses of schorlomite. (Rammelsberg).

CONSTITURMNTS. a. b,
§10, 27.85 (+Ti02) 26.09
Ti0,2 16.82 17.86
FOO.. cinircnnssasssnnisnsasanssssssssesssssassssannsen - 28.75 22.88
OR0..ucueererrrnesssonsasmmsasssansamnanes 32.01 81.12
MEO .......ceeinicernssnnnnnesensiinsssensnsecssne sssnesens 1.52 1.55
Total......... . 100.43 98.95

He states that titanite which contains this quantity of
titanium only contains half as much silica and a quarter as.
much lime.

J. D. Whitney’s paper was entitled ‘‘ Examination of
three new mineralogical species proposed by Prof. C. U.

© Rammelsberg changed the spelling from schorlomite to schorlamite, probably at first
unintentionally. Quenstedt (Handbuch der Mineralogie, 8 Auflage, 1877, p. 440) follows Ram~
melsberg’s spelling, but Naumann-Zirkel and most other German and English authors follow
the spelling of 8hepard,

t Pogg. Ann. Band LXXVII., 1849, p. 128.
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Shepard.” * Whitney remarks that there are evidently two
varieties of schorlomite, one colophonite and the other an
amorphous mineral. He gives his attention especially to
the latter and describes it as follows :—

¢ Bpecitic gravity 3.807; hardness 7.5.

“ Black, opaque, vitreous, tarnishes with pavonic tints;
conchoidal fracture.” The mineral was analyzed by him in
connection with Mr. Crossley with the following results :—

Analyses of schorlomite. (Whitney and Crossley).

CoNSTITUENTS, (s b, c.
Bi02ueeeerreerosnaesascssscossssonsonsaneenansans -sssssass 27.89 25.66 25.14
TiO2 . 20.48 22,10 [.eeceerscnanee
Fea03 (MnO). . 21.80 2158 |.eveeeriarennes
Ca0 80.05 20.78 |....
Total sesssenns| 100,27 99.12

Whitney states that he does not believe that this
mineral is schorlomite and suggests for it the name ferro—
titanite. He mentions the similarity of its constitution to
that of titanite and of lime-iron garnet.

An analysis which was first published in 1850 in the
third edition of Dana’s Descriptive Mineralogy,t was made
by Croesley and is as follows :—

Analysis of schorlomite. (Oroaal;y).

810, (+Ti0,) c.cceerveeennessniinnrane 26.36

THO, ceeeresrneerssrersssentarsconnnenee 21.56
Fe,05..ccccvnnveinnnnnnne Coeeens ceneneeee 22,00

CuO0 .ucceeueniiiiiiiinnesesssssnnnnanonen 80.72
MGO..couuiiiriierenniinniii cereneeee 1.25

, B 1110 2R, .see Trace
Total.....c.ceeiiiieiiiinninneen 101.89

In 1851 Rammelsberg published a second paper entitled
¢“Mineral Analysen—Schorlamit—"’} in which he reviews his

first paper and that of Whitney and givesin full his first analyses
@ Boston Journal of Natural History, Vol. VI., 1849, p. 42,

t Descriptive Mineralogy by J. D. Dana, Third Edition, 1850, p. 692.
$Pogg. Aon. Baod LXXXV., 1852, p. 800.
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and those of Whitney and Crossley. He had in his first analyses
considered all the iron as protoxide while Whitney and Crossley
congidered it all sesquioxide. Rammelsberg made a new
determination by smelting the mineral with borax glass in a

closed vessel with gold chloride. He obtained the following
results : —

Analysis of schorlomite. (Rammelsberg).
BIOL(AIL.)or vererrererreeerasenenesens 25.24
TiO .

Speciflc gravity, 8.827.
He then obtained approximately the same formula as that found
by Whitney.

In 18561 Whitney published another paper entitled “Analy-
ges of C. U. Shepard’s new minerals.”* In this he gives no new
analyses and simply reiterates the statement that as the mineral
which he analyzed differs so greatly from that described by
8hepard it should be called ferrotitanite and that the name
schorlomite should be reserved for the real “hydrous silicate of
yttria, thorina and oxide of iron.”

Phillips Mineralogy of 1852t under the heading ‘Schorl-
omite—Ferrotitanite; Whitney,” makes the followingstatement:
¢ This mineral differs much in external characters and in chem-
ical composition from the mineral described by Prof. Shepard
as schorlomite.”

In 1877 Knop} analyzed the schorlomite from Magunet Cove
with the following results :

Analysis of schorlomite (Knop).

weee 21,95
eee 29.85
. 1.47

¢ Proc. Boston 8oc. of Nat, Hist., Vol. IIL., 1851, p. 96.

t Elementary Introduction to Mineralogy by the late Wm, Phillips—New Edition by
H. J. Brooke and W. H. Miller; London, 1852, p.297.

1 Zeit. for Kryst,, Band 1., 1877, p. 58.

¢
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He states that in the specimens from Maguoet Cove, Ark.,
it occurs intergrown with melanite and can easily be mistaken
for it. : :
Rammelsberg states * in reference to Knop’s analysis that
it is very similar to his own and that if part of the TiO, is con-
gidered as Ti,0, an atomic relation similar to that of garnet is
obtained. )

It is evident from the numerous analyses and descriptions
reviewed above that a great difference of opinion has existed in
regard to the composition and properties of schorlomite. This
is in a great measure due to the lack of similarity in the material
-examined by the various authors. Melanite resembles schorlom-
ite very closely and is frequently intergrown with it so that in
:some cases a mixture of these two minerals and in other cases
the pure schorlomite was analyzed.

Itisevident, however, from the above analyses that a silicate
-of titanium, iron and lime having approximately the garnet
formula, R,”’(R,"")Si,0,,, exists and is found in counsiderable
-quantities at Magnet Cove, but that this mioeral is often more
-or less mixed with the iron-lime garnet, melanite.

Pyrozene appears under the microscope as the light green,
-almost colorless, non-pleochroitie variety diopside already de-
:gcribed in several instances. In this rock it is precisely identical
with that described later under eleolite garnet syenite. (See
this chapter, 11. A. 2).

Titanite occurs in small sulphur-yellow crystals which
:seldom exceed two or three millimeters in diameter. These

TR 5T
SN
-

Fig. 11. Tutanite from eleolite mica syenite (Cove type). Scale==30:1,
are exceedingly brilliant and have a very sharply defined crystal

* Handbuch der Mineralchemle, 1875, Erginzungshe(t zur zweiten Auflage, 1886, p. 201.
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form. They are nearly equally developed in the directions of the
vertical and ortho-axes but are somewhat thinner in the
direction of the clino-axis. They are quite unlike those de-
scribed by Genth from the eleolite eudialyte syenite (See this
chapter, IL. A. 4). Oane exceptionally perfect crystal (Fig. 11)
bounded by the faces* P=0P(001); r=Pdo (011); n=3 P2 (123);
y=+ P (101) and t=—2P2 (121) gave the following angles.
when measured upon a reflection goniometer : —

Measurements of tilanite angles.
Measured. Calculated..

n:y — (123) : (10I) — 38° 20’ 38° 16’
nit — (123) : (121) — 71 22 71 2
y:p — (10I) : (001) — 59 56 60 17
r:y— (011) : (10I) — 656 25 65 30
rin— (011) : (128) — 27 05 27 14
r:t — (011) : (121) — 44 17

In thin sections this mineral behaves as usaal and requires.
no special mention.

Ilmenite appears with jagged and irregular contours in very
large crystals. It generally shows a purplish color with the.
characteristic bands of a lighter shade running through it. In°
these rocks it seldom shows a border of leucoxene which would
naturally be expected to appear strongly marked on uccount of
the decomposition which has occurred,

Magnetite occurs frequently in grains and in crystals bat is.
much more plentiful in some localities than in others. The.
occurrence of magnetite in the form of lodestone has already
been mentioned and the connection of the latter with the mag-
netite in this rock has been explained in the preceding chapter
(p. 180). The lodestone has been knowa from the earliest times
and was meantioned by both Schoolcraft and Bringier and it is.
from this mineral that the locality received its name of Maguet
Cove. It has been mentioned by all who have described the
cove and many of the writers have supposed it to be merely the
outcrop of an enormous sabterranein depisit of iroa ore.

¢ The position in which the crystal is placed is that suggested by G. Rose and adopted
by Naumann, Bauer, Rosenbusch, etc., and not that of Des-Oloizeaux which is followed by-
Schraufl, Dana, etc. .
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Owen* says of the magnetite: “ Oa the east part of Section
20, there is a great bed of maguetic iron ore, some of which
exhibits polarity. It is not exposed in a high hill or mouatain,
as in Missouri, but is on the same level with the cultivated fi:lds
adjoining, occupying a superficial area of the immediate surface
of about eight acres ; the ground over this area being exclusively
covered with fragments and blocks of magnetic iron ore occas-
ionally mixed with lodestone. Beneath the surface it extends
to an uoknown depth. It has been penetrated from four to five
feet without finding any change of the material, except that the
lodestones seem to be more abundant on the surface. -

“ An analysis has been made of the magnetic iron ore
with the following result :

Analysis of lodestone. (Owen)t.
Peroxide of iron (Feg03) fu.cccee ceeen vvnnens 67.20
Pcotoxide of iron (Fe0) ........ cavessss seasere 24,46

Alumina [A130,).cccecne0 e SRPER X |}
Manganese (MoO)........ .cocemescacsse encsnnesaes 0.80
Lime, magnesia and 10es.....cccece  coreeennees 2,19
Titanic acld (TiOg) cceceres coevr-traneronan s 1,20
Moisture (Hg0) .cecrenricrncscneicnnasisernrseansonns 1.00
Insoluble matter..........cccecoeeucna. 8.20

Total...ccvvernenierivanee 100.00

“ The lapping of the arable land on the margin of the
maguetic iron ore conceals its relation to the adjacent rocks;
but from the minerals ploughed up in the fields on the south
and southeast, the magnetic iron ore seems to be surrounded,
in part at least, with mica slates. Along with the large
flakes of this mineral, brought to the surface by the plough,
are beautiful crystals of augite, and black garnets. ”

Comstock § suggests that the magnetite may be due to
the reduction of a limonite similar to that occurring nearly
due north of Mugnet Cove at Blocher.

The masses of lodestone are of a dull black or brown

¢ 8econd Report of a Geological R-conn issance of Arkansas, etc., p. 104.

1 The symbols and heading are not givea in the original analysis.

1 Vol. 1. of the Annual Report of the Geological Survey of Arkansas for 1887, p. 82, also
p. 268.
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color and their surfaces are usually smooth and rounded and
not infrequently show the so-called “blisters” or botryoidal
‘protuberances. These resemble externally small air bubbles
‘inclosed within the mass, but they are solid and of uniform
-substance with the rest of the mineral and were formed
by an unequal weathering of the surface. The mineral
has a conchoidal fracture, metallic lustre and black color.
It is strongly magnetic and in most cases polarized. In
some specimens the magnetism is strong enough to hold
-up four shingle nails in a line.

The lodestone appears to be without any crystal form of its
-own. Specimens of lodestone have been found which present
:somewhat the appearance of pseudomorphs after pyrite but in
no case could this apparent similarity be substantiated by
-crystallographic measurement.

One piece of lodestone showed a pseudomorphic orystal
imbedded on one side. The crystal is of a long columar form
:and shows distinct though imperfect truncations at both ends.
The prism faces, if such they be, make an angle of about 128°
with each other and show the existence of a pinacoidal face
between them. The crystsl is 40mm long and presents the ap-
pearance of a psendomorph of magnetite after hornblende.

In order to determine whether or not phosphorus was
present in considerable quantities in the lodestone a test was
made by the chemist of the SBurvey upon 1.6 grame of the
mineral. No precipitate nor even coloration with ammonic
‘molybdate was observed and it may therefore be assumed that
the lodestone is free from phosphorus.

Pyrite occurs in considerable quantities.

Apatite occurs in two forms; first in large hexagonal
<columns, often as much as 15cm in length and 2.5cm in diameter,
of a pure white or slightly yellowish color. The prism faces
(1010) are generally sharp and well defined, but with the ex-
ception of an indistinct pyramid (10I1) and the basal plane
(0001) no truncations were observed about the ends of the prin-
cipal axis. These large prisms are often found penetrating the
schorlomite and magnetic iron ore. The second variety consists
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of a mass of fine needles in radiate groups. These form masses
imbedded in the schorlomite and eleolite and were at one time.
mistaken for Shepard’s ozarkite. *

The writer made a partial analysis of this radiate mineral
in order to determine whether it was a chlorine or fluorine.
apatite, with the following results :—

Analysis of apatite.

CRO..cceurersrerens eetressesireeiernnans 54.55
) 22X 0 PO cteereeresenneneres 42.00
FL (bY dif.)eeveereeeecreeeresanenens . 416
[0) PSRRI o onssrssessons 0.02
Fe,054+ AlLO;...covneecrnesnnnninanen 0.61
Ignition.....cccvcereiririernecenennnee 0.42 1
Bum........... eresnonessecessoreses 101.76
Oxygen ......ceeeeeene 0s cnassansonsen 1.78
Total........ se0 saseesarereessnens 100.00

Although this analysis makes no claim to great accuracy it.
is evident that the mineral in question is a pure fluorine
apatite. .

Thomsonite (Ozarkite) was first announced from Maguoet.
Cove by C. U. 8Bhepard in 1846 and described by him under the
name ozarkite in a paper entitled ‘“On three new Mineral
Species from Arkansas and the Discovery of the Diamond in.
North Carolina.”} The material was obtained from the Rev.
E. R. Beadle, a resident of New Orleans, who collected it during-
a journey through the Hot Springs region. Shepard gave the
name ozarkite to this mineral because he supposed Magnet.
Cove to be situated in the Ozark Mountains.§

© See Am. Jour. 8ci., Serfes 2, Vol, 1X., 1850, p. 430.

t Regarding the determination of water by ignition when fluorine is present compare.
¢ Ueber die Zusamwensetzung des Apatits’” Inaugural-Dissertation von J. L. Hoskyns-
Abrahall, Minchen, 1889, p. 6.

t Am. Jour. Sci., Series 2, Vol. 11., 1846, p. 249.

2 This is a very common error made by p2ople, both in and out of the state, but it.
should be distinctly understood that the Ozark Mountains constitute a range of mountains in
southern Missouri, but which also extend into the northera part of Arkansas. The name.

Ozark Mouatains has, however, occasionally beea applied to the mountains about Hot S prings.
and it is to this use of the name that the confusion is due.
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Shepard describes the mineral as follows :—

¢ Massive. Composition, laminae (confused) nearly impalpa-
ble. Fracture uneven. ‘ ,

“ Lustre feeble, vitreous to resinous. Color white (rarely
bluish) to flesh-red. Streak white. Translucent.

“Brittle. Hardness 4.5. Specific gravity, 2.746.”

He then describes it behavior before the blowpipe and
mentions that it dissolves freely in hydrochloric or nitric acid
without effervescence, but forms a deposit of silicic acid. He
says, ‘“It appears to be a siliceous hydrate of lime and yttria
possibly also having traces of thorina.” He describes its oc-
currence in the following words: * It occurs diffused in irregu-
lar veins and ovoidal masses (about one-fourth of an inch in di-
ameter) through a flesh-colored elmolite, from which mineral
however, it is constantly separated by a thin layer of red jasper-
like substance, which is obviously distinct from the two minerals
it tends to separate; and may itself be an undescribed species. ”

In 1849 J. D. Whitney published an article on C. U. Shep-
ard’s new minerals* in which he mentions ozarkite and states
that it does not contain yttria and thorina but is a silicate of
alumina and lime with a little soda and is probably scolecite.

J. D. Dana in 1850 published a note “On the Ozarkite of
Shepard”t in which he mentions Whitney’s discovery of its
{ikeness to scolecite and then says that several specimens were
examined by G. J. Brush and were found to consist largely of
phosphate of lime. He says, “ They have often the radiated ap-
pearance of a zeolite with acicular crystallizations ; but after Mr.
Brush’s discovery of phosphoric acid the writer (Dana) found by
means of a glass that the acicular prisms were in fact hexagonal
prisms of apatite. Other large prisms were also found in some
specimens. The acicular mesotype-like mineral is associated
with another of a mealy character and in part sub-lamellsr,
which may be a zeolite as observed by Whitney.”

© Jour. Boston Soc. Nat. History, Vol. VI, 1849, p. 42, and also later in Proc. Boston
Soc. Nat. History, Vol, IIL., 1851, p. 96.
+ Am. Jour. 8ci. Serics 2, Vol. 1X., 1850, p, 430.
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In 1851 under the head of Mineralogical Notices* Dana
published a note stating that Prof. Shepard bad re-examined
ozarkite with the following results {:

Analysis of Ozarkite (Shepard.)

B0, vueerecreeresesssusensessssssses 40.91
NI WU 16.75
Cay(PO, ), .. vrrseeeesesrevessssss 417
(01 0 J O Geecencvennse 4.562
H,0.eoovnn eeeeeeeeusesseneesrveseenn 15.10

He remarks that this removes the mineral from scolecite
with which Whitney wished to unite it. Dana says that the re-
sults of Brush, Whitney, and 8hepard are too widely different to
indicate that any simple mineral was examined.

Two years later J. Lawrence Smith and George J. Brush
published a paper entitled, ‘‘ Re-examination of American Min-
erals, Part II,” { and under the sub-head ‘Ozarkite an Amor-
phous Thomsonite ” they show that the mineral in question is
truly a zeolite and that it had been confusgd with apatite in the
determinations that had been made. They state that the material
for their analysis was obtained from Mr. Markoe and that the
substance occurs in veins and masses in eleolite. They give its
color as white; structure, granular to compact; hardness, 5;
specific gravity, 2.24 (Shepard), and state that it gelatinizes with
HCl. Two analyses gave the following results :—

Analyses of ozarkite (Smith and Brush).

a. Theoretical.
CONSTITUENTS.| 2 —  |RSiO4 + 8Al, Si0s +7H,0.

37.08 87.80
31.18 81.50

18.97 18.00

8.72 4.80

13.80 12.90
99 70 100.00

¢ Am, Jour. Sci. Serles 2, Vol. XII., 1851, p, 218,

t Proc. of Am. Ass. Adv, Sci. 4th Meeting. Held at New Haveo, p. 822 (Cited after
Am. Jour. £ci., loc. elt.).

1 Am. Jour. 8ci. Serfes 2, Vol. XVI,, 1858, p. 50.
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This is the same composition as that of thomsonite and the
mineral was considered as a massive variety of that species.

The analysis gave the formula:—

R8iO,+-3Al, 8i0,+7H,O0.

A special examination was made for phosphoric acid but
none was found although some of the impure material, which
had been previously analyzed, showed considerable quantities of
it and proved to be a mixture of the zeolite with apatite.

In the continuation of that paper (ibid. p. 371) under the
head of eleolite the statement is made that good radiated crystal-
lizations of ozarkite (thomsonite) in eleolite had been obtained.

It is evident from the above quoted opinions and analyses
that much confusion has existed in regard to what ozarkite really
is, and it is evident that Brush in his first determination of the
mineral in which he found phosphoric acid had before him one
of the radiations of apatite already described (p. 220). It was,
however, shown soon after by Smith and Brush that the mineral
is really a zeolite whigh should originally have been identified
with thomsonite and not made a separate species.

The large white rectangular columnar crystals which are
found near this locality (Chap. VIL. 11. B. 2) are natrolite and
not thomsonite (ozarkite) as is often supposed. The writer has
not seen crystallized thomsonite from this locality.

Protovermiculite was one of the first minerals observed and
recorded from Magnet Cove. Schoo!craft ¥ mentions mica as
being found at  Hot Springs of Washitaw” and describes it as
follows, *“the lamina are very small, extremely flexible, of a
greenish yellow colour and admitting very little light through their
broader faces.” This is precisely the description of the proto-
vermiculite from Magnet Cove, but no such material occurs at
Hot Springs and therefore must have been carried there.

Bringier * says of this mineral:  Above the ore (lode-
stone) and not one hundred yards of},is an extensive bed of
common talc (mica ? Editors of Am. Journal 8ci.); the leaves
are of an extraordinary size, not less than five inches by seven.”?

* A View of the Lead Mines of Missouri, etc., p. 190,
* Am. Jour, Sci., Serles 1, Vol. IlI., 1821, p. 26.
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Konig * was the first to analyze and accurately describe
this mineral and from its general similarity to vermiculite he:
called it protovermiculite. He described the mineral as occurring
in large foliated plates and smaller prismatic crystals associated:
with apatite and black garnet. The structure is strongly mica-
ceous, optically biaxial and probably monosymmetric. The
angle of the optic axes is very small. Thin laminse are flexible
bat not elastic. Color grayish green in interior of the plate but.
becomes yellowish silvery to bronze on the outside. Lustre
submetallic. Touch somewhat unctuous. Specific gravity 2.269.

Konig’s analysis has already been cited (page 211) but is here
repeated.

Analysis of protovermiculite. (Konig).

1] 0 SN 33.28
{10 U PRPRPRRRIIN -Trace
AL cverirriensnes seaeeaanen 14.88
Fe,05. ceeeuiinniinrenenncnnnninnniinens 6.36
J 30V 0 TSP . 0.67
B3 £ 70 TP OORPR Trace.
MEO eevee reresrrrerntaraessnnes 21.52
HO......... ettt aereaeeaeretenetan 3.36
H,0 (Hydroscopic)................ 50.54

Totaleeesceeennnnnenennieernnenee 100.51

There is little to be added to this description. The only
additional points of interest which have occurred to the writer
are the facts that the plane of the optic axes is the symmetry
plane (010) and that the plates of mica are often forced apart by
thin, lens-shaped masses of calcite formed from the decomposi--
tion of the mineral itself.

Cancrinite is plentiful along the cracks of the eleolite but.
is of a secondary nature.

Calcite occurs in considerable quantities in the more decom-
posed rock.

The order of crystallization of the various minerals is as
follows :— '

¢ Protovermiculite, a new mineral species by G. A, Kénig, Proc. Acad. Nat. Sci. of
Phila., 1877, p. 267.

15 Geolngical; Vol. if., 1890,
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Iron ores, apatite, biotite, melanite, diopside, orthoclase,
eleolite, schorlomite.

Chemical Composition.—The eleolite mica syenite was
analyzed by the writer and gave the following composition, show-
ing that it is distinctly different from the Diamond Jo and
allied rocks to be described later.

Analysis of light colored eleolite mica syenite.

T RN 88.93

Total. cecereerannnee crereenes eeeee 100,67

The specimen analyzed was taken from one of the harder
bands found in the bed of ‘“the branch’ north of J. F. Moore’s
house (See page 182).

In that portion of the Magnet Cove region which lies near
Cove Creek but east of the limits of the Cove proper there occur
large masses and areas of a dark brown, coarse-grained rock

© By X are represented the oxides of those earths which are insoluble in cold water
after having been smeited with KH 804. Zr,0g, Ta,0j, etc., may be included under this head.
Compare—Knop in the Zeitschrilt f Kryst, Vol. X., 1884, p. 68.—Beitrige zur Kenntniss d.
Eruptivges. des Christiania-8ilurbeckens by Lang and Jannasch, Christiania, 1886, pp, 89 and
113.—Einige Gesteine aus der Rhdn, by E. Moller. (Neues Jahrbuch, f. Mineralogie, 1887).
—Ueber den Monte Amiata und Seine Gesteine, by J. Francis Williams. (N. Jahrb. f.
Mineral. Beil. Band V., 1887, p, 24.)—Gesammelte chem. Forschungen, by P. Janocasch, Band
I., Gottingen, 1888, p. 176,
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which resembles both the eleolite syenite (Cove type) and the
members of the monchiquite and fourchite group.

It is hypidiomorphic granular with no tendency whatever
towards a porphyritic structure and shows both by its occurrence
and structure that it belongs to one of the older abyssal rocks
and not to the intrusive dike type.

The minerals are more closely allied to those of the eleolite
syenite than of the monchiquite group. The dark minerals are
greatly in excess of the light colored ones and it is possible that
this rock forms one of the more basic rocks in which the iron
becomes such an important factor (See pp. 180 and 219).

The pyroxzene is of the diopside type and is not the augite
of the monchiquites. Olivine is wanting. Large biotite crystals
which have been more or less completely altered to serpentine
make up a large part of the rock.

Eleolite is present only in somewhat rare, partly decomposed
«crystals. In most cases it has been completely altered so that
nothing more (han a mass of strongly polarizing, decomposition
products remain.

The ores of iron and titanium are present in great quantities
and in some of the specimens examined they form a large per
cent of the dark colored minerals. Pyrite is present in abundance.
An analysis of the rock gave the writer the tullowing results :—

Analysis of dark colored eleolite mica syenite.

FETT0 YRR ORI 36.51

) 10 TR 3.1
b (L JOT O, 210
ALy ceeerennsessernreranenes 8.22 i 25.03
Fe,0;5.cciiivuiniccrnnnnenennns 8.29
FeO.umnrnerrenrrarirnnaenns . 831)
FeS, cceriiniiiiiitiinnnnennes 6 03
Ca0...cciiriririitninereenancnne 18.85
BrO..cccceererirenccrinnecnennnes Thace
MgO... . 8.19
MDO...ccicirienieerecasersscese truce
;oo JOUNUOTUTOOROT 1.08
Na,Oueeerrnrieiinitonunans nenee 2.10
Clicciieneeinnieterinereniesenens 0.03

¢ For explanation cf use of X, see page 226.
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200 YRR
80;..cceieeimnes [ .
Loss on ignition...........

When the iron (exclusive of pyrite), alumina and titanium

&)
1.40

are grouped together in both analyses the agreement is much

more evident than when they are considered separately.

For convenience in comparing these two analyses with
each other and with an analysis of the amphibole fourchite
(monchiquite) from Magnet Cove (See page 226 and chap.
VII. 1. B) and typical specimens of ouachitite from elsewhere
in Arkansas (See chap. XII.) the following table has been

prepared.
Table of analyses of basic rocks from Arkansas.
I 1 I Iv. V.
RN
OONSTITUENTS. ] ] ] .t .
LRI A | B
o :3 8 =8 = =
-t = - 8 =
a= M= B g S
cH 58 ] €
b &< < 8 8
§i0, 38.98 36.51 43.50 86.40 38.07
TiO wresesenssssmsssirees 111 2.10 0.42
z 1.62
D Z0 YRR 210 | ... |
Ala0, 1541 822 18.06 12.48 17.92
FeaUs 5.10 5.2 .52 8.27
14.08
FeO, 424 3.31 7.84 4.59
2 S s 0.8 6.03 FUIP RO
Ca0. 16.49 18.85 18.39 14.46 11.70
MGO c.ovieiinnriennie vines sernssenssneinnes 5.27 8.19 3.47 11.44 8.87
K,0 1.78 1.08 1.80 3.01 223
N8gOununurnrenes wrvesscrsossnssmnsssessr] 527 2.10 2.00 097 0.96
€O, T O S 3.94 5.50
P30, . 085 | e e 1.4 | ...
[v] 0.02 008 | ier | e .
H,0 (1gnition) ..iceemeasersersssornee: 5.20 1.40 1.22 2.36(t)
L 100.57 99 22 100.20 99.84 100.91

« Fer explanation of use of X, see page 326.
1 This water determination was made directly.
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1. [Eleolite syenite (Cove type, light colored ), analyzed by
J. Francis Williams (p. 126).
II. Eleolite syenite dark colored, analyzed by J. Francis Williams
. 127).
® ;II. Amphibole fourchite, Magnet Cove. Long dikein 8. W. }
‘section 18. (p. 185). Auvalyzed by W. A. Noyes (Chap. VII. 11L. B).

IV. Oyachltite (rich in biotite) 3 8.,20 W ., Sec. 11, N. E. quarter
of N. W. quarter. Analyzed by L. G. Eakins, (Chap. XII),

V. Ouachitite (poor in bhiotite), 1 N.,16 W,.,section 85, N. E.
quarter. Analyzed by J. F. Kemp, (Cbap. XII).

A comparison of the above analyses shows that it is not very
clear from a chemical standpoint to which group the dark
colored rock belongs for it is about as much like one as the other.
If future investigations should tend to separate it from the eleolite
syenite it would fall in the group of the peridotites free from
olivine for its structure is such (hypidiomorphic granular) that
it cannot be united with the hypocrystalline monchiquites.

2. Eleolite garnet syenite (Ridge type).

This rock is usually of a dark color and presents
a decidedly oily appearance . which is due not to the
fineness of the individual crystals composing it, but to
the characteristic fracture of both the eleolite and the
garuet which form its chief constituents, It is very heavy
and shows a great latitude in the relative amounts of eleolite
and the dark colored components. In some cases the latter
-do not make up more than a quarter of the mass of the rock
while in other cases they form as much as three quarters of
the whole. Of these two varieties the former is naturally
somewhat lighter in color than the latter, but, as has been
stated, the general tone of the rock is dark.

Structure.—The rock is hypidiomorphic granular in its
structure and never shows any tendency towards a porpyritic
character. It is an abyssal rock and has the characteristic
granitic structure of those rocks. The size of the individual
-crystals varies considerably, for in some cases they become
several centimeters in diameter while in other cases they
sink to microscopic dimensions.

Under the microscope the rock is seen to be made up of
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& hypidiomorphic granular mixture of eleolite, melanite
(schorlomite (?) ) and diopside, with occasional biotite flakes
and the usual accessory minerals.

Eleolite appears in oily looking, yellowish, flesh-colored
or grayish masses showing no exterior form, but bounded by
the pyroxene and garnet.

Under the microscope the mineral presents its usual ap-
pearance except that it is somewhat fresher than it is com-
monly found. Inmany cases, however, it has been much
decomposed and shows a formation of kaolin, cancrinite and
other decomposition products. It oftenincludesthe minerals
of older formation and contains also lines of gas-pores and
minute cavities containing some liquid. The liquid in these
pores often contains stationary bubbles but in no case have.
moving ones been observed.

Orthoclase is entirely wanting in the typical rock.

Pyrozene is of & light yellowish color and is very slightly,
if at all, pleochroitic, The angle of extinction is large and
together with the color and the lack of pleochroism makes
it evident that the mineral is diopside. The mineral is very
similar in cleavage, etc., to that already described (pp. 61-63).
In these crystals, although there is no increase of color near
the edge, the coloring matter is not uniformly distributed
throughout the crystals but is more observable in some parts.
than in others.

Weathering is indicated by yellowish brown lines alcng
the cleavage-cracks. The inclusions are such as are usually
noticed in this mineral.

Glarnet occurs in the form of black, shining grains of
variable size. They are macroscopically distinguished from
the other black minerals by their want of cleavage and their
glassy fracture. Under the microscope the garnet usually
has an idiomorphic form and appears as a yellowish brown,
isotropic substance. It is usually decidedly zonal in its
structure, although some cases have been observed where
the crystal appears to be uniform throughout. Between
crossed nicols the mineral remains perfectly isotropic and
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even with a selenite plate no optic anomalies could be dis-
covered. From its color and general appearance this garnet
would appear to be melanite, but from the fact that it occurs
in very close proximity to the beds where such large quan-
tities of schorlomite are found it is possibly, in part at least,
to be connected with that mineral. Some portions taken
from a microscopic slide, when tested with terrous sulphate
in a bead of microcosmic salt showed only a very slight re-
action for titanium, but it is more thaun probable that this
element is not present in all the crystals in the same degree.
It should be distinctly understood therefore that while this
mineral is called melanite it probably includes schorlomite and
perhaps jivaarite as well.

The relative ages of melanite and diopside are not per-
fectly clear, for in many cases the melanite is found included
in the diopside, while iu some cases the latter has an
idiomorphic form where it comes in contact with the former.
The result of observations'on a large number of examples
indicates, however, that the melanite is the older of the two
minerals, but that their periods of formation were not. far
removed from each other. It is probable that the melanite
was still forming when the diopside begaun to crystallize.

Biotite occurs in small quantities, but in the typical rock
this mineral is very scarce. Itis usually of a light green
color and shows the beginning of alteration. It is negative
and apparently uniaxial for white light.

Apatite is not common, but when it appears it forms
comparatively large idiomorphic prisms. Magnetite occurs
in idiomorphic forms and also in long rod-like crystals.
1lmenite occurs in irregular grains and is characterized by its
purplish color, rough surface, and the systems of dark and
light bands observed when it is examined in polarized light,
It is occasionally found surrounded by a band of leucoxene.
Titanite is not common and seems to have been replaced by
the other titanium minerals present.

Cancrinite appears ouly as a secondary mineral and is
usually found in the form of slender needles arranged about
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the cracks in the eleolite. Itis characterized as usual by its
high double refraction and its effervescence with hydrochloric
acid. ' '

3. Miarolitic Eleolite Syenile.

This rock occurs in small areas at several points in
Magnet Cove, as indicated on map IV. and mentioned in the
.general description. (See chapter VI.) The rock is
80 decomposed that at no place is it sufficiently fresh to al-
low of a minute macroscopic or microscopic investigation.
Its mode of occurrence and its relations to the neighboring
rock are also concealed for the same reason. :

It generally appears at points where some of the small
brooks have cut deep down into the overlying soil and seems
to form a rock older thau the eleolite syenite dike rock
(Diamond Jo type) and the leucite syenite dike rock, in the
neighborhood of which it is usually found.

It forms a coarse-grained, friable, yellowish brown rock
which consists principally of feldspar and biotite with the
remaios of some other basic silicates. The eleolite appears
to have been almost if not entirely decomposed. The rock
contains many cavities into which the feldspar crystals ex.
tend and show by their perfect crystalline forms that these
spaces were either originally empty or were filled with some
late-formed mineral which has since been decomposed.

The feldspar appears in large (10 to 20mm) thick crys-
tals somewhat tabular parallel to the clinopinacoid. They
are bounded by the faces commonly found on orthoclase and
are occasionally twinned according to the Carlsbad law. The
great amount of kaolinization which has taken place pre-
vents any microscopic study of these crystals.

On a close examination it appears that some eleolite
has escaped the action of the elements and remaius to indicate
the original character of the rock. Biotite is the only one
of the basic silicates which has withstood the weathering
sufficiently to be recognized. Augite and hornblende, if
they were ever present, are now entirely gone.

Pyrite seems to have been an important mineral in the
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fresh rock for limonite now appears filling the spaces that
were once occupied by the pyrite. In cases where the de-
composition is not too far advanced the rock emits a strong
odor of sulphuretted hydrogen (H,8).

The rock, as appears from the above description, has
been found in but a poor state of preservation and hence it
has not been sufficiently studied to allow any definite classi-
fication of it to be made. It seems probable, however, that
it was formed in considerable masses and coostituted a
miarolitic variety of the older or abyssal type of eleolite
‘8yenite.

B. Eleolitic Dike Rocks.

1. Eleolite Syenite Dike Rock (Diamond Jo Type).

The eleolite syenite dike rock possesses & holocrystalline,
hypidiomorphic granular structure which often inclines to &
trachytic structure.* In texture it varies between very wide
limits. Some of it is fine-grained while other specimens
show an extremely coarse-crystalline texture.

Macroscopically the orthoclase is by far the most im-
portant constituent of the rock. 1t occursin large (5 to 20mm)
-allotriomorphic crystals, tabular parallel to the clinopinacoid
-and often shows a well defined external crystal form. These
crystals give a decidedly trachytic appearance to the rock.
(8ee page §5). They are of a slightly grayish white color,
have a distinct cleavage and show a mother-of-pearl lustre
on the basal cleavage-plane (001). The basic silicates are
rare and appear as small, jet black, shining masses with an
indistinet cleavage. The eleolite appears as grayish, waxy
looking masses squeezed in between the feldspar crystals.

Under the microscope the rock is seen to be a hypidio-
morphic granular mixture of orthoclase, eleolite (much de-
-composed), cancrinite and pyroxene. .

Orthoclase is seldom fresh but appears as opaque, oblong
sections which are the patural forms for crystals tabular
parallel to the clinopinacoid to assume when they are cut
-exactly or nearly at right angles to the symmetry-plane.

* See plate 1, (Frontisplece.)
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The cleavage-planes appear as distinct cracks and are
emphasized by the kaolinization which has begun from them.
Twin crystals are common and both the Carlsbad and Baveno-
laws have been observed. The optic axis angle is small—so-
small in fact that it would indicate that the mineral inclines
more towards a sauidine than an orthoclase. The orthoclase
is perfectly free from isomorphic mixtures of other feldspars,
and shows therefore no microperthitic structure. The.
inclusions are very plentiful and consist principally of kaolin
and small gas cavities which are often arranged parallel to-
the vertical axis. )

_ Eleolite can be macroscopically distingunished by its grayish.
color and somewhat greasy appearance. In some cases it
has been so completely altered as to lose its characteristic:
lustre.

Under the microscope the eleolite appears both as idio-
morphic and allotriomorphic crystals; when it comes in
contact with the orthoclase the latter forms the boundary,
but when it is imbedded in cancrinite its form is idiomorphic.
Eleolite usually appearsin thick, hexagounal prisms, not much.
longer than they are broad, which often measure 2 to 8Smm
in their greatest diameter. Cracksare common in sections.
parallel to the vertical axis, but the true cleavage—cracks.
have been observed only in sections parallel to the base. This.
cleavage is then seen to lie parallel to the hexagonal prism.
faces (1010).

In some cases fresh specimens of eleolite have been.
observed, but in far the greater number of cases decomposi-
tion has taken place to such an extent that nothingbut highly
double refracting alteration products in the form of small
needles and irregular plates can be found. The inclusions.
of gas are very common and are almost without exception.
in the form of oblong cavities arranged parallel to the.
vertical axis.

The eleolite, whether altered or not, is easily attacked by
hydrochloric acid and forms a gelatinous silica which on drying:
is filled with small cubes of salt.
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Cancrinite usually occurs in the spaces not occupied by
orthoclase and eleolite and hence is seldom if ever found in
idiomorphic crystals. It is often 0.5mm or more in size and
appears in polygonal or triangular shaped sections which are
clear and transparent and seldom show any indications of de-
composition. The cancrinite is distinguished by its high polar-
ization colors and strong double refraction. Even in thin.
sections these colors rise to orange and red of the first order and
are very characteristic of the mineral, which might otherwise
easily be mistaken for eleolite, which it resembles in many
respects. The cleavage observed in some sections forms two sets.
of cracks at right angles to each other which appear to be nearly
equally distinct. In other sections three systems of lines have
been found which make angles of 60° with each other and cor-
respond to a prismatic cleavage. In polarized light the
extinction is found to lie parallel and perpendicular to the right
angled cleavage cracks, thus showing that these lie parallel
respectively to the base and principal axis. The index of re-
fraction is lower than that of Canada balsam and therefore the-
surface of the section appears smooth. In sections at right
angles to the principal axis a comparatively sharp, black cross.
appears around which is one wide ring. #When this interference
figure is tested with a mica plate, the negative character of the
double refraction is easily established. If the sections are not.
pertectly basal but are slightly inclined the cross is found near-
one edge of the field, and two, or even three, rings appear.

There is always more or less doubt about the identity of a
mineral where the external orystal form is wanting, and,
therefore, in order to establish the character of this mineral more
surely, it was tested microchemically, with the following results..
A thin section of the rock containing this mineral was treated
in the cold with dilute hydrochloric acid and this mineral effer-
vesced slightly, but, when warmed a little, the effervescence.
became very rapid and took place from all parts of the crystal.
As the acid dried the section became covered with gelatinous:
silica in which small cubes of salt were very numerous and per--
fectly formed. It is evident, therefore, that both in chemical as.
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well as optic characteristics this.mineral is identical with can-
-crinite. The only minerals with which it might be confused are
eleolite, hydronephelite and eudialite, from which it is easily
distinguished by its strong double refraction, high interference
‘colors and eflervescence with hydrochloric acid; calcite, from
which it is distinguished by its gelatinization and separation of
‘'salt cubes when treated with hydrochloric acid, and by its want
-of twinning lamelle®, decidedly lower interference colors, fewer,
wider rings sbout the uniaxial cross, and the cleavage-planes
parallel to the base and prisms; quartz, from which it is dis-.
tinguished by its negative double refraction ; the members of the
scapolite group, from which it is distinguished by the carbon
dioxide it contains. From minerals belonging to other than the
tetragonal or hexagonal systems it is distinguished by its uniaxial
interference figure.

Cancrinite sometimes occurs in long prisms imbedded in the
feldspar and eleolite and occasionally shows a hexagonal form
when cut at right angles to the principal axis. In these cases, as
in the preceding, it is characterized by its high polarization
colors. The cancrinite is usually clear and fresh and shows but
few inclusions. It is highly probable that it is, in part at least,
@ primary mioeral of this rock.

Pyrozene has been observed in large idiomorphic crystals
which are generally of a dark green color. They show a decided
pleochroism between various shades of green and their absorp-
‘tion is very strong. From its general characteristics it is evident
that the pyroxene belong to the variety egirite.

In some cases, also, a lighter colored, greenish pyroxene has
been observed which has a comparatively large angle of extinc-
tion which is still larger for the substance in the center than for
that about the outside. This may therefore be considered as
‘belonging to the variety diopside.

Biotite occurs very rarely and when it appears presents no
peculiarities of structure or optic properties.

Amphibole is entirely wanting in this variety of rock and in
fact in all the syenitic rocis of Magnet Cove it is almost without
exception replaced by pyroxene.
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Sodalite occurs occasionally as an accessory mineral in some.
sections but is entirely wanting in others. It is idiomorphic in
form and is usually elongated parallel to some one of its crystal-
lographic axes so that it does not present a regular polygonal
section, It is perfectly isotropic and shows no optic anomalies.
of any kind.

Titanite, magnetite and pyrite are present in very small
quantities in some sections and are absent entirely in others. At
best they play but a very small part among the constituent min-
erals of the rock. Apatite appears to be entirely wanting.

Decomposition and alteration products.—Among these are.
found secondary sgirite, secondary cancrinite, fluorite, calcite,.
Lematite, kaolin and titanite.

Agirite forms small radiate groups of minute, needle-like
crystals such as have already been described in other rocks.
(See page 80). They are evidently formed by the decomposition
of primary eegirite or of other basic silicates.

Cancrinite appears in the form of a highly refracting, fine,
fibrous decomposition product which has replaced a great deal of
the eleolite. It is probably mixed with ranite and other altera-
tion products. It is often in direct association with the primary-
cancrinite, but is of an entirely different form; the primary- -
‘material is compact and uniform while the secondary shows very
markedly its composite structure.

Fluorite forms small purple crystals imbedded in the rock
and is also quite largely developed as a filling material in the
seams. In the latter case it occurs in the form of thin, circular,
or polygonal, purple masses which are often 3 to 6cm in
diameter, but seldom exceed 2mm in thickness, These show an
octahedral cleavage and are isotropic under the microscope.
‘When heated in the dark they fluoresce with a greenish color
and belong to the variety chlorophane. When the powder of-
this mineral is heated with sulphuric acid in a platinum erucible
fluorine is readily given off, as is shown by the etching of a
watch-glass placed over the top of the crucible. Besides the
purple variety, fluorite often occurs in yellow or colorless trans-.
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parent crystals which are easily mistaken at first sight for
calcite. The purple mineral has been mistaken for sodalite.

Calcite appears as a decomposition product of many minerals
and is often found associated with the undecomposed material as
well as with other alteration products. Its high double refrac-
tion and twinning lamelle are very characteristic.

The calcite also occurs with the fluorite in the cracks of the
rocks. It is distinguished from the light colored varieties of
the latter by the fact that it effervesces easily with cold dilute
hydrochloric acid. Hematite and kaolin are found as is usual in
such rocks, and titanite, which may perhaps be better designated
as leucoxene or titanomorphite, appears as the alteration of some
titaniferous magnetite grains, which it encircles like a border.

An analysis of a specimen of this rock taken from newly
quarried rock from the Diamond Jo quarry gave the following
figures. § The analysis was made by the Survey, R. N. Brackett -
and J. P. Smith, analysts.

Analysis of eleolite syenite dike rock.

8i0;...ceeee oo aees o000t ersseecsaressen 53.38
Al,Oy.eennee ourecenen eerresstesennsenen . 20,22
Fey05.iiiinimmencnninnnnnerernnereenes 1.568
FLO wrerenrereseennnisenienannns 1.99
Fef ueeirsents vererrnnesssasssssnnrnsens 1.77
MDO cieevenertrnnenreninnnienriennnnnnns Trace
(6710 PR, 3.29
)% 110 SN 0.29
- €0 T 6.21
Na,0....... e eereenseetietttrieeneseanne 7.89
H,0..cccovmeveeeee rereveseesesantanannae } 3.43
L]0 TP
Total......ceeuee eeetssenesetarenne 100.03

This analysis shows that the rock, although not as basic as
the coarse-grained eleolite syenites of the Cove type, is by no
means as acid as the pulaskite or eleolite syenite of the Fourche
Mountain region. :

2. Eleolite eudialyte syenite. (Pegmatite).

This rock apparently occurs as a dike in the Paleozoic rock

but owing to the poor exposures of rock about its borders, its



MAGNET COVE ROCK — ELEOLITE EUDIALYTE SYENITE. 239

wize and direction are somewhat indefinite. It is found at the
point where the Hot Springs-Malvern road crosses Cove Creek
and also on the north bank of the ‘ Branch” a few hundred
yards from where it empties into Cove Creek.

The rock shows a great variation in the size of its con-
stituents. In some cases these become extremely large, oc-
casionally reaching a diameter of as much as 16cm (6 in.), while
in other cases they are not more than a millimeter in diameter.

The coarse-grained variety consists of a pegmatitic com-
"bination of orthoclase (microcline) in huge idiomorphic crystals,
egirite in long, beautifully terminated prisms, eleolite, eudialyte,
astrophyllite, titanite, manganopectolite, thomsonite (ozarkite),
natrolite, and other decomposition products of eleolite. This
rock is so altered by weathering that it is difficult to say much
about its structure except that in a general way it forms a coarse,
pegmatitic dike. A description of the microscopic structure of
this rock is entirely out of the question on account of the size of
its constituents and the decomposition which has taken place.
The coarse-grained rock is mixed with finer grained varieties,
which are of a dark gray color and in many cases become very
fine-grained. In these fine-grained rocks orthoclase or micro-
cline, eleolite, ®girite, eudialyte, etc., occur, and the structure
becomes hypidiomorphic granular.

Orthoclase or microcline often occurs in very large tabular
crystals some of which have been found to be 10 to 15cm in great-
est diameter and 1.5 to 2.0cm in thickness. These have only been
observed as simple crystals. Their character as microcline was
first observed by Des Cloizeaux, and described by him in his
article * on microcline. The description is so meager that it is
impossible to be absolutely sure that the specimen analyzed was
identical with those from this locality, but, since this rock is
the only one from which large, comparatively free feldspars can
be obtained and is the rock which contains the large sgirite
crystals sent in such quantities to Europe, it is more than
probable that the mineral which Des Cloizeaux described came
from this rock.

*Mémolre sur l’existence, les propriatés optiques et crystallographiques, et la ¢ om-
n;‘lllon chimique du microcline nouvelle espace de feldspath triclinique 4 base de potasse, par
. Des Cloizeaux. Comptes Rendus. Tome 82, 1876, p. 885.
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The analysis which was made by Pisani and published by
Des Cloizeaux, (I. c. p. 891), is as follows:—

Analysis of microcline. (Pisani).

1310 TP PP 64.30
ALO; ieeiiniierennresisnneetsesensnne 19.70
Fe,Ogeunecrnnicnninrenniarannesaiicnnans 0.74
0 2 0 T N 15.60
Do f: X 0 PR 0.48
Loss on ignition........ccceeuneeas 0.35

Total....cooeveerrierienninnnnnnnns 101.17
Specific gravity..ceeonniiiieenns 2.64

The inclination of the base (001) to the brachypinacoid
(010) was kindly measured by Prof. J. F. Kemp, of Cornell
University, upon a reflection gonimeter and gave the following

angles :—
M:P 010:001 =90° 21’  89° 3¢

M:P 010:001 =90 14 89 46
M:P 010:001 =90 19 89 41

Mean 010: 001 = 90° 18/ 89° 41’ 20”
The variation in the angle is due to the M (010) face which
does not give a sharp reflection and appears to be made up of
innumerable fine twinning lamelle. The character of sections

Sections of microcline showing cleavage, arrangement of inclusiona
and angles of extinction. (X 500).

aP3 or
Fig. 12. . Fig. 18. Fig. 14.
Section parallel to the Section parallel to the Section parallel to the
macropioacoid (100). bruchypinacoid (010). base (001).

parallel to the different faces or axes of the crystal may be
better understood from a consideration of the accompanying
diagrams (Figs. 12, 18 and 14) than from a description. The
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small, approximately rectangular inclusions appear to be
sections of minute mzirite crystals. In some cases these are
surrounded by minute dots and lines some of which represent
cavities, while others are opaque and appear to be magoetite. °

In the section parallel to co P (100) (Fig. 12) the extinc-
tion is only slightly inclined to the vertical axis and with very
high powers a fine twinning lamellation is observed.  Cleavage
parallel co P (010) and OP (001).

In the section parallel coP (010) (Fig. 13) inclusions of
sgirite are seen and the cleavage-cracks are parallel to 0P (001).
The acute bisectrix makes an angle of 5° with the basal cleavage-
eracks and lies in the obtuse angle 3.

In the section parallel to 0P(001), (Fig. 14) the whole
surface is seen to be made up of irregular patches which are
extinguished respectively at 16° on each side of their line of
contact. This section has more the appearance of the microper-
thitic intergrowths of orthoclase and albite than of micrccline
but from other considerations, viz., the angle of extinction of the
lamel'ee twinoed according to the albite law and the want of
sodium or lime in the cry-tal as shown by a qualitative test, it
is probable that it is microcline and similar to the crystal analy-
zed by Pisani.

The section parallel 0P (100) when examined in con-
vergent polarized light shows that the acute bisectrix is not at
right angles to the section and that the rings about the two
optic axes are eccentrically sitnated in the microscope field.
The axes are, however, so wide apart that the size of the angle
cannot be measured without the use of an oil bath and an 2xis-
angle apparatus. The optic axes lie in a plain which is approx-
imately perpendicular to the brachypinacoid (010).

Eleolite requires no special description as it is identical in’
all respects with that found in the eleolite mica syenite (p. 209).

Eudialyte wasidentified in 1861 by Professor C. U. Shepard*
who discovered small nodules of a brilliant crimson mineral in
the feldspar of the eleolite rock of Magnet Cove, Arkansas. He at
first supposed this mineral to be cornndum, but after testing its

* Am.J ur. Sci. Serles 2, Vul. XXXVIL, 18614, p. 405.
16 Gceologieal; Vol. ii., 1890,
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hardness (which he found to be less than 6), and observing
that it gelatinized with hydrochloric acid, he decided that it was
eudialyte. From that time the occurrence of this mineral in
Arkansas has been mentioned in most text books of mineralogy
on Professor Shepard’s authority, but not until very lately has
the subject been revived. ’

Hidden and Mackintosh have recently published a note* in
which they describe this nodular, rose-red, nearly transparent
mineral and state that it is probably eudialyte and identical
with that discovered by Shepard.

The writer was able, with the assistance of Wm. J. Kimzey
of Magnet Cove, to obtain some very good specimens of this rare
miuoeral, several of which were well adapted for crystallographic
measurement. Through the kindness of Messrs. W. E. Hidden
of New York and C. 8. Bement of Philadelphia, he was enabled
to measure two other crystals from this locality which were
especially interesting. The results of these investigations were
first published in a paper entitled, ¢ Eudialyte from Magnet
Cove, Arkansas.” t

The crystals from this region range from 3 to 18mm in
diameter and are, for the most part, thick tabular parallel to the
base. They are transparent to semi-transparent and in color
vary from rose-red to deep crimson. Cleavage parallel to base
is indistinct, and the crystals appear to be traversed by irregular
cracks in all directions. The cleavage parallel to }$ R(1014) and
R(1011), as noted in the Greenland eudialyte, has disappeared
almost entirely from these crystals. The surface of the crystal
is in some cases covered by a yellowish coating of altered mater-
ial ; this, however does not appear to diminish its brilliancy, bat
when it occurs on the base increases the lustre to mother-of-pearl-

The crystals may be divided according to their form into
two classes : first, those in which the negative rhombohedrons
predominate, and second, those in which the positive ones are
the larger. In general, the orystals are terminated above aund
below by hexagonal basal planes, but these occasionally become

¢ Am, Jour. Sci,, Series 8, Yol.,, XXX VIII,, 1889, p. 494.
t Am. Jour. Sci., Serles 3, Vol. XL,, 1890, p. 458,
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triangular or disappear entirely. The most satisfactory crystal
for the measurement of angles was one of only about 8mm in
its greatest diameter and of about half that thickness. This
<crystal belongs to that group in which the negative rhombo-
hedrons predominate and is shown in fig. 15. The measurements
from this, combined with those from several
other crystals, are given below, and after |
each measured angle the extreme variation
from the mean is appended.

The axial ratio, as calculated from measurements, made on
three very good crystals, of the angle between the base and the
largest rhombohedron, — %R, is found to be a:c=1:2.1174,
As this is deduced from a mean of not less than ten angles, none
of which varied more than 25 seconds from the mean angle,
50° 43’ 6", it is evident that it cannot be far out of the way for
the Arkansas variety of eudialyte. Brogger (Syenitpegmatit-
giinge, p. 498), considers the latest measurements ot von Kokscha-
row} the most correct for eudialyte. Von Kokscharow gives
a : ¢=1:2.1129 which differs but little from the ordinarily
accepted figures, « : ¢c=1:2.1117, while the value for the
Arkansas variety is considerably larger.

The following faces have been observed and measured :—
¢=0R(0001), a=00 P2(1120), R=+ R(1011),
d=-}R(0112), n=-2R(0221).

Von Koksch

Faces. Mean Angle. . Calculated. Variation. Calculated.

Fig. 15.— Eudialyte ta r lo
& the base. yie labulg

€: d, (0001) : (OII’Z) 50° 43’ 6”7 50O° 43’ 6" o 24" 50° 38’
¢: R,(0001) : (1011) 67 53 48 67 45 24 8 12 67 42
¢:n,(0001): (0221) 78 25 78 26 35 10 30 78 25
¢: a,(0001) : (1120) 89 56+ 90 0 015 90 0
d: a,(1012): (1120) 47 49 30 47 54 29 4 80 47 58
d:d,(1012): (1012) 84 21 84 11 2 1reading 84 4

The variation of these angles and of the axial ratio from
those of von Kokscharow would suggest some corresponding
variation in the chemical composition.

¢ Von Kokscharow, Verhandl. der kais. russ. min. Gesellschaft zu 8t. Petersburg, II.,
XIV,, 1879, p. 205.

t Brogger, loc. cit., measured this angle on Norweglan eucolite as 89° 58 807,
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An excellent example of that class ot crystals in which the
positive rhombohedrons predominate is found in s small specimen
—not more than 4mm in its greatest diameter —loaned the writer
by Mr. C.8. Bement. This is shown in fig. 16. In this crystal
 one face, +R (1011), is so over-developed

that all the rest of the faces seem dwarfed
by it. At the first glance, and in fact
until the crystal is carefully measured,,
N ... this large face would be mistaken for the.
Fig. 16—Eudralyte tabulor par- base and the fact that opposite to it the.
clletfo rhombohedron Jace crystal is terminated by a six-sided pyra-
mid would seem to support this view. The crystal is, in reality,.
to be placed as shown in the cut and the faces which make up
the front of the crystal are designated by the same letters as in,
the preceding figure. The faces forming the back are for the
most part composed of known forms in oscillatory combination.
Besides these well known faces a large number of new ones
appear, of which, however, only a few are large and sharp enough
to be worthy of special mention. The most important of these.
forms are as follows :—
-3R(0.3.3.11), } R(1014), 4 R(1015) and - R5 (2383). -

e angles, measured as nearly as possible, were as follows :
gles,

OR: -%R, (0001):(0.3.3.11) 33° 54/ 38° 41’ 52"
OR: }R, (0001):(1014) 31 54 (+30) 31 26 12
OR: 'R, (0001):(1015) 25 59 33" 36 3 35

The faces at the back of the crystal lying in the vertical zone
and beginning at the top are: OR, 0001; -2 R, 3.0.3.11;-}R
1012 (large); -2R, 101m; (point at back); LR, 101a; } R, 1014
(large but dull); iR, 1015 and O R, 0001 (bottom).

The right and left inclined zones at the back are made up of
the following faces; R, 0111 and 1101 ; the prisms oo P2, 1120
and 2110; (point at back); -3 R, 1102 und 0112. The small
zoues lying back of a (coP2, 1210 and 1210) are made up of a
recurrence of the prisms with the scalenohedrons -}R5, 2363
and 6323 (determinable only through zone relations).

In order to make sure that the crystal was properly placed
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and the faces correctly determined it was imbedded in a short
piece of glass tubing just large enough to hold it and which was
filled with Canada balsam. This was then placed on an object
glass and a thin glass cover placed over it.* The outside of the
glass tube was covered with black paint, in order to cut off any
side reflections and the preparation was then examined under
the polariscope. Owing to the thickness and irregularity of the
crystal, the black cross was not very plain, but it was evident on
revolving the stage of the polariscope that there was no ex-
tinction such as was observed when the crystal was placed in any
other position.

The specific gravity is compara.twely low and lies between
2.804 and 2.833 at 15° C. These values were obtained from
those crystals which were measured, and the lowest was that of
the crystal figured in fig. 16. The determination was made by
means of a cadmium-borotungstate solution, in which the crystals
were placed and which was then brought to such a density that
the mineral remained suspended, neither rising nor sinking.
The specific gravity of the solution was then determiuned by
means of a 12c¢ pycnometer.

Thin sections, cut at right angles to the vertical axis, show
in parallel light a pink color, and between crossed nicols remain
perfectly dark duriog a complete revolution of the stage. In
convergent polarized light such sections show a wide black cross
which sometimes opens a little owing to slight optic anomalies,
but no colored rings appear. Both the double refraction and the
index of refraction are weak. The index is lower than that of
Canada balsam and the surface of the section appears smooth.
The character of the double refraction is positive. By sinking
the polarizer and the converging lens the irregular cleavage,
which lies approximately prallel to R (1014), becomes visible.

The mineral is comparatively free from inclusions for a
crystal which was form«1 as late in the period of solidification of
the rock as this. Magnetite and sgirite or acmite are the only

*>ince making this exp runeat the writer has received Professor C. Klein’s exhaustive
yaper on this method of examin! g crystals without cutting them. Sitzungsber. d. k. Akad.,
Berlio, XVIII, 1890, p. 347.
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inclusions which have been observed. It appears as if some-
times eudialyte and sometimes microcline was formed first, for
first one and then the other is found in idiomorphic crystals. On
the whole the eudialyte appears to be the earlier of the two.
Decomposition takes place very rapidly and the earlier stages of
it are marked by the formation of a yellowish brown mineral with
negative double refraction which has been proved to be eucolite.
Since the above article was published by the writer an article
by Dr. F. A. Genth on the same subject has been contributed to.
the American Journal.* Genth’s paper was virtually completed:
before that of the writer came into his hands and hence the close
agreement of the aogles found is especially-
interesting since they were measured in-
dependently. Pirsson gives the accompany-.
ing figure (Fig. 17) and enumerates the
following faces : ¢c=0R (0001); r=-+R"
Fig. 17. Budiatyte from Mg (1011) 5 €= =3 R (0112) and a—co P2 (1120.)
net Cove (after Pirsson). The following angles were measured on a
crystal 2.6mm in diameter:—

Pirsson. Williams.
Calculated. Measured.
c:r,(0001) : (1011) — 67°35’ (mean of 5| 67° 45}’ 67° 54’
meas.)
c: e, (0001) : (0112) — 50 44 (mean of 6] 50 43 50 43
meas.)

The specific gravity was determined by Genth to be 2.810.

Genth gives two very valuable analyses of the pink nodular
material which he states consisted of material of various shades
of color, but appeared to be free from impurities. The analyses.
are as follows :—

© Contributions to Mineralogy, No.50: by F. A. Genth with crystallographic notes.
by S. L. Penfield and L, V. Pirsson. Am. Jour. 8ci. Series 3, Vul. XL.I, 1891, p. 897.

In prepariog this paper Genth took the charge of the chemical portion while Pirsson
measured the crystals and calculated the angles. For this reason the work on the chemicad

and crystallographic portions of the paper has been in each case referred to the maa who un-
dertook it.
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Analyses of eudialyte (Genth).

CONSTITUENTS. 8. b.
$i0; 51.88 | 51.68
Zr0g ...ceeucreneee 1145 | 11.62
T80 (?)eeunene 039 | 0.29
FOO....covevuenresssosens 487 | 485
MNO0...ciienccansconsnsnsrensasasssasons 0.87 | 0.30
CB0......oueerersenres sesassrssassnense 14.77 | 15.05
MEO...iviitiinsarenresssesssencanas [ 011 | 0.07
K20 .o revnenniicinnnnnnnnnesensnone. ; 043 j.eeeennnne.
NagO.oervevnerienrarees sevevnesnsnnes ! 13.29 |
Lo P I 1.42 1.41
1 £33 13 1) - O R, 1.88 1.84

b Y7 IO | 100.81 | ............

Genth states that the mineral occurs associated with mgirite,
astrophyllite, titanite and zeolites. He suggests the possibility
that the variation in color is due to the beginning of alteration.

Astrophyllite occurs sparingly in this rock but in compara-
tively large (5-10mm) poorly developed crystals. The writer
has seen only one specimen of the rock in which this mineral
occurs. This'specimen was given to him and his attention
ealled to the astrophyllite in it by Dr. Genth, who had already
mentioned the mineral in his description of the eudialyte found
in the same rock (see above).

The astrophyllite crystallizes in thio, brittle plates which are
crowded together in an irregular mass. They are of a brownish
yellow color and show an extremely brilliant lustre upon the
base (001). The cleavage parallel to the base (001) is also
highly perfect. The plates of which this material is composed
are combined in such a way that they present a curved structure
although in reality each of the individual flakes is flat.

In convergent polarized light a plate parallel to the base .
(001) shows that the acute bisectrix is perpendicular to it and
that the optic axis angle is too wide to allow the optic axes to
appear in the field.
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A blowpipe examination of a few flakes of this mineral
showed the presence of titanium, * manganese and sodium.

Agirite occurs in gigantic crystals in certain parts of this
rock and while it is very common throughnut the mass, in the
ordinary forms, the large crystals occurring in coarse grained
veins or dikes deserve a more special mention.

This mineral was probably noticed long belore it was re-
cognized as eezirite, for in the earliest account of the region by
Joseph Macrery + black schorl is mentioned as occurring in
rectangular crystals which cover a white or reddish feldspar and
it is probable that the brilliant, black, nearly rectangular prisms
of ezirite were mistaken for schorl, or tourmiline as it is now
called.

Featherstonhaugh in his report { mentions hornblende as
being a constituent of the coarse-grained syenite and also of the
‘‘greenstone.” It is probable that in this case he mistook
egirite for hornblende.

Itis not at all surprising that these mistakes were made for it
was not until the year 1834 that Esmark discovered this mineral
near Brevig, Norway, and named it s zirite after the Norwegian
god of the sea, Azir.|| The very similar mineral, acmite, which
is hardly distinguishable from “szirite, was, however, first
discovered in 1784 by H. Strom, who called it ¢ Krystallisirter
Hornstein (crystallized hornstone) oder schorl,” § and in 1821 P.
Strom9 made it a separate mineral under the name  Werneria”
and Berzelius in the same publication gave the name akmit or
acmite from the Greek word for a spear-point.

¢ The test in a bead of microcormic salt with fercous sulpbats wus made but gave
upsa isfactory results. The wet method with sodium fluoride, sodium pyrosulphate aad
hydrogen peroxide (Detectivn and Estimation of Titanium, W. A. Noyes, Jou:nal of Anal, and
Applied Chemistry, Vol. V., 1891, p. 39) was thea tried and a d:cided reactiva for titanium
was obtained with an extremely small quantity of material.

t New York Medical Repository, Vol. 1I1., 15(8, p. 48.

1 Geological Report of the Elevated Country between the Missouri and Red Rivers, etc.
1834, p. 62.

| Esmark und Berzelius, Neues Jabrbuch. f. Min, 1835, p. 184. Cited after Brogger,
(Ssenitpegmatitginge p. 295).

¢ H. &trdm, Beskrivelse over Eger-Praestegjold, Kjobenhavn, 1784, p 50. Cited after
Brigger, p. 295.

9 P. Strom, Sv. Vet. Acad. Handl., 1821, p. 161. Cited after Brigger, p. 295.
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In 1864 C. U. Shepard * mentioned that sgirite (eegirine)
was found loose in the soil of Magnet Cove and in association
with eudialyte and other minerals. Since that time it has been
one of the best knowu of the miverals brought from that inter-
esting locality.

The @ zirite crystals are often 30cm (1 foot) and more in
length with a thickness of 3cm (1} in.). They form long, almost
jet black prisms which show a slight inclination toward green in
incident light and which are of a decided green color when seen
by transmitted light. There is, however, a slight tendeney
towards brownish green in some of the specimens which are
superficially weathered. From these characteristics it is prob-
able that this mineral is @girite aod not acmite.t The long
prisms are often terminated by long steep pyramids whose
crysial faces are not at all sharp. They are generally much
rounded and do not allow of accurate measurement or determina-
tion of their indices. A thin cection of one of these large
<crystals cut parallel to the clinopinacoid (010) gave an extinc-
tion augle 3° and showed that the pleochroism was a>c.

Many attempts have been made to prepare a section at right
angles to the prism faces but without success. The cledvage
parallel to the prism was too perfect to allow of much abrasion
at right angles to its direction.

An analysis of one of these large crystals was made in 1875
by J. Lawrence Smith] as shown below, and in order to com-
pare it with those from Norway the two typical analyses of
seririte and acmite given by Brogger, and one by F. Pisani are
appended.

The resemblance between analyses I. and 1I.is remarkable,
but as there is hardly any constitutional difference between
segirite and acmite this similarity does not signify much.

Besides these very large specimens there are crystals of all
sizes down to the very minute needle-like forms found included
in the microcline, eudialyte etc.

« Am. Jour. 8ci., Series 2, Vol. XXX VII., 1864, p. 497.

t 8ee Brogger (Syenitpegmatitginge, p. 836 )

t Analysis of ZEgirite from Hot Springs, Ark., by J. Lawrence 8mith, Am. Jour.
Sei., Beries 8, Vol. X., 1875, p. 60.
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Analyses of @girite and acmite.

L II. 111, IV,

CONSTITUENTS. . i Egirite m
8102 voveerneswssensarsansanens 51.41 52.11 51.74 51.85
3 (0 S . 0.18 ... corencreennn cecsanacsacsessns [ecssaseseuseencans
AlgOgcucnencnnnicrinennnnns 1.82 247 0.47 (*) 1.59
Fea0s...ueenvennircennennnn - 23.30 22.80 26.17 32.11 ()
FeO.vmmueeeaneerssosen -l eas 8.40 3.48 2.59
Ca0...cconenirernennennn - 2.03 2.60 5.07 Trace.
MEO.cocirerncscimorsensenns 0.31 0.41 5 N O
b 1. 10 0.48 0.87
Nag0..... coceernneecenee - 11.88 12,10 11.02 11.39
K20........ Cssesnreseeseensen Trace. |.....cccreneennn 0.34 Trace.
HJ0.. 030

Total...ceureernnenes 100,38 101.19 100.54 99.40
Specific gravity ... 3.53 [

I. AEgirite from Magnet Cove, analyzed by J. Lawrence 8 mith.
(Am, Jour. Scl., 8er. 3, Vol. X., 1875, p. 60).

II. JEgirne from Norwny (Brevig), analyzed by F. Pisani. (Sur
Pastrophyllite et I’;egrine de Brevig en Norwége. Note de M. F. Pisani.
Comptes Rendus, LVI., 1863, p. 846).

III. Agirite from Norway (Barkevig, etc.) analyzed by C.
Dolter. (Tscherm. Min. Mitth., 1878, p. 372. Cited after Syenitpegma-

titgange, p. 297).

IV. Acmite from Norway (Rundemyr), analyzed by C. Délter.
(Ibid.).

In thin sections the segirite crystals are seen to be always
idiomorphically bounded as regards the other minerals of the
rock but they are often grouped together into thick nests made
up only of agirite in such a way that the free crystallization of
the individuals has been very much hindered by each other. In
no case, however, has a twin crystal of wmgirite been found and
since Brogger states that twins are especially characteristic of
acmite this fact increases the probability that the latter mineral
is very rare if not entirely wantiong.

© Brogger writes Al,0,=—0.37 jostead of A];0,~=0.47. (See Rammelsberg Mineralchemie
Erginzungshelt, p. 24).
t Brigger writes Fe,0,=31.11 instead of Fe,0,—32.11. (See Rammelsberg, Mineral<
, Ergén heft, p. 28).

N




MAGNET COVE ROCK — ELEOLITE EUDIALYTE SYENITE. 253

Garnet occurs in precisely the same form and color asin
the case of that already described in the eleolite mica syenite
(p. 212) and needs no further mention. It is not very com-
mon io this rock and seldom appears in idiomorphic crystals.

Wollastonite has been observed in a few cases only.

Titanite appears in idiomorphic crystals (1 to 5mm) which
are often of a sulphur-yellow color and form a very striking con-
stituent of the rock. In other cases they have a more decided
bronze color and are not so brilliant. ’

The titanite of this rock also forms prisms elongated paralled
to the vertical axis (Fig. 18). These occur both imbedded and
virtually free, extending into cavities in the rock and
attached only at the lower end of the vertical axis.
F. A. Genth haslately analyzed them and in connec-
tion with L. V. Pirsson has pubhshed the paper
already cited. *

Genth describes the occurrence of the titanite as
follows: ‘It occurs associated with segirite, ortho-
clase (or microcline) eleolite, one or two zeolites,
eudialyte, and others in small pale yellowish brown
. or brown crystals. Specific gravity 3.457.

“The crystals are very simple and show a com- Flg 1o, Tee
bination of the two forms m==coP (110) : and n=-P wanite from Mag-
(111)1. The faces gave very poor reflections so that ','.fm?:; (afior
only approximate measuremeats could be made.”

An analysis of this material gave Genth the following
figures : —

Analysis of titanite. (Genth.)

15310 2P, 30.84
TiO e eereee srrccrsseresesissnsannncsnn 89.36
FeO ...ccovevirirenssnsenens uenrnsens .. 0.78
CaO......... 28.26
MGO...ccoviiiiiiireneniniitiete ernnenns Trace.
Ignition ...ccoevvueniiiinnne co vrrenns . 0.57
Total.....comreeeirirenrennerenceran 99.75

¢ Contributions to Mioeralogy, No. 50, etc., Am, Jour. Sci., Series 8, Vol. XLIL., 1891,
P. 394,

: t Pirsson’s symbols have been ch d 80 as to correspond with those in this report.
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Bimilar elongated crystals, observed by the writer, when
slightly weathered are covered with a crust of a white substance
the character of which has not been determined.

Magnetite, ilmenite and pyrite all occur in considerable
-quantities but present no peculiarities worthy of special mention.

Decomposition products.—Among the decomposition pro-
ducts of this rock there are several minerals which are especially
interesting on account of their comparative rarity. For this
reason, therefore, these will receive more than a passing meation.

Natrolite occurs in thick prisms (1 to 2cm or more in diameter)
and often forms large masses in this rock. It is pure white and
has a distinct cleavage parallel to the prism faces (110) and a
glassy lustre.  Although the crystallization has usually been so
‘hindered that the crystal faces seldom appear, in a few cases
beautifully terminated crystals have been observed extend-
ing into the the small cavities left between the crystals. One
small crystal (Fig. 19) of this sort which had a length of 4mm
and a diameter of 2mm showing the following
faces: coP (110), oo P& (100), co P& (010) and
P (111). One of the pyramid faces (111) shows
a striation parallel to a polar edge lying in the
brachydiagonal section but with that exception
all the faces are sharp and smooth.

' A qualitative examination of some of this
Fig. 19.  Natrolite .

_from Magnet Cove.  material showed flocculent siliea, when the mineral
was treated with hydrochloric acid and the solution gave a large
precipitate of alumina with ammonia. Lime and magnesia
were entirely wanting, but the flame reaction gave a strong re-
action for sodium aund very slight traces of potassium.

Through the kindness of Dr. F. A. Genth the writer is en-
abled to publish the following analysis of this mineral. The
analysis has never previously been published but Dr. Geoth has
generously placed it at the disposal of the Burvey :—

Analysis of natrolite. (Genth).
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DU X 0 RO 15.98

Igoition.....covviiniiiiiicnnnninii, 9.81
Total...... o covevnurisenes 100.27

Specific gravity.........coouen 2.243

Dr. Genth states that this is ‘“ the beautiful natrolite with.
the large cleavage-planes ”” and, as is evident from the analysis,
it is very pure.

Whole crystals and sections of the same show a perfectly-
orientated extinction in parallel polarized light and in convergent
light the optic axis plane is seen to lie in the brachypinacoid
gection (010.) The angle of the optic axes is near 90° and the
acute bisectrix is coincident with the vertical axis, therefore.
in plates parallel to the cleavage the axes are invisible in the air..

Thomsonite (Ozarkite) also occurs in small quantities in this.
rock but needs no special description.

Brucite occurs in white, transparent or semi-transparent,
regular, hexagonal plates which are generally about 2mm in di-
ameter but may be found very mueh smaller. They present a
laminated surface and show a very decided cleavage parallel to
the base. The faces which bave been observed are 0P (0001),
2R (2021) and -4 R (0441.) The angles were not measured, but
it is evident from the appearance of the crystal that the faces
enumerated are those which exist.

Tn parallel polarized light a plate parallel to the base (0001).
becomes a dark gray, but shows variations of intensity in differ-
ent parts of the plate. These variations are empharized by the
u-e of a selenite plate. In convergent polarized light a black
cross is observed which opens slightly when the stage is re-
volved. The size of the optic angle in different parts of the
plate is very variable and the position of the plane of the optic
axes varies from one point to another. By meauns of a quarter-
undulation mica plate the character of the double refraction is de-
termined to be positive.

Manganopectolite* was first described by the writer and
oecurs as thick tabular crystals varying very much in size, the

¢ Manganopektolith, ein neues pektolith-ahnliches Mineral von Magnet Cove, Arkansas,
von J. Frarclis Willlams. Zeft. fGr Kryst. and Mineral. Baad XVI1I, 1890, p. 386,
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largest being about 10cm in length. The best specimen of this
rare mineral which has beeu found was a thick crystal about
20X 10X6mm in size. It was broken through the center parallel
to the broader face. In the interior the crystal was perfectly
transparent and of a grayish color, but was incrusted with an
opaque, brown deposit of weathered material,
The following faces were observed and measured : —
0P (001), co P (100), +2Px (201), oo Pdo (010).
Measured. Calculated.

(001) : (100) — 84> 42 84° 4%
(001) : (201) — 44 26 44 25
(100) : (401) — 50 55 50 53

[4=84° 42’ and the axis ratio when b and ¢ are made to corre-
spond with those of wollastonite is a : b : ¢=1.05634 : 1 : 0.4840.
It is evident that a better ratio could be obtained from a crystal
having faces other than those in the orthodiagonal zoue.

The cleavage parallel to 0P (001) is very perfect while that
parallel to co P (100) is hardly inferior to it. The lustre on
the former is mother-of-pearl and oa the latter silky.

Hardoess........ «.coeevrinnnnnns 5.
Bpecific gravity.........ceevuenens 2.845

A chemical analysis by the writer gave as the mean of

three determinations the followiog composition :—

Analysis of manganopectolite.

Greatest variation
OONSTITUENTS. Mean. ("5 1 mean.

0.18

e ey
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From a thin section of this mineral it was evident that it
contained small particles of calcite scattered through it. It
seems, therefore, perfectly proper to consider all the carbon di-
oxide as belonging to that mineral and to deduct it in the form
of CaCO; from the analysis and to recalculate the latter to one
hundred per cent.

By comparing this corrected aualysis with that of pectolite
it is evident that manganopectolite is simply a form of pectolite
in which a portion of the calcium is replaced by manganese. By
caleulation it may be shown that when one-tenth of the calcium
is thus replaced a composition is obtained which corresponds
very closely to that arrived at by analysis.

For companson the composition as calculated from the
formula (3Ca, i Mn), NaH 8i,0,, and the theoretical com-
position of pectolite (Ca,NaH 8i,0,), are placed by the side of
the “ corrected ”’ analysis.

Comparison of manganopeclolite with pectolite.

. R S
2 2% )
35 | 232 | sk
CO SSTITUENTS. : g 3 per L
5 B8S% | 3%
6 e [ &]
54.10 5 54.22
0.10 | e | eeeene
20.82 30.08 38.74
. 4.34 4.28
N820.crverserssscssaners cosssssmssmsmnsrses 9.16 9.25 9.83
: O T 2.48 2.69 2m
b L TTY PR 100.00 100,00 100.00
[oT00 7 DR BN B 1 274
Sp. Gr.< 10.
8pec. GIAVILY....ccccurvvrerns-evessensen 2.845 2.88

It is evident that the material used in this analysis was very
pure from the fact that neither maguesia nor alumina were
present in weighable quantities and that .the ferric oxide only
amounted to 0.10 per cent.

The optic properties of this mineral show its close con-
nection with pectolite fully as completely as does the chemical
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analysie, A secction parallel to the more perfect cleavage
(001) showed parallel extinction and in oil in convergent light
the riogs about the optic axes were visible but did not allow
of the measurement of the axial angle about the obtuse bisec~
trix. ‘The figure was perfectly centered, showing that the
bisectrix stood perpendicular to the base (001). The plane of
the optic axes was at right angles to the symmetry-plane of the
crystal.

Much difficulty was experienced in obtaining a section
parallel to the plane of symmetry, that is, perpendiculz;r to the
‘acute bisectrix, onaccount of the perfect cleavage parallel to the
base (001) and orthopinacoid (100). After many trials a section
was secured which was near enough to the required direction to
enable the axial angle to be determined as approximately 15° for
sodium light. The double refraction is very strong and its
character is positive. The dispersion of the red rays is greater
than thut of the blue, p>>», and is so strong that the inter-
ference figure resembles that of titanite. Owing to the strong
dispersivn of the axes that of the acute bisectrix is nct apparent.

In thin sections parallel to the base small interpositions of
calcite appear which are usually situated with their principal
axes veitical and give very perfect uniaxial figures. The forma-
tion of these interpositions was probably nearly contemporaneous
with that of the manganopectolite itself, for in some cases they
appear idiomorphic and in others they occur as irregular grains,
Other inclusions are entirely wanting.

The crystals weather in such a way that a browu coating of
manganese oxide is formed which is completely opaque. In
some cases this oxide of manganese has completely repluced the
manganopectolite.

Like pectolite, this mineral must be considered as a zeolite
for on being heated to a 115° C. it gives off only 0.25 per cent
of water. When the temperature is raised to a low red heat
1.15 per ceot additional water is lost and finally at bright red
heat it becomes anhydrous. It is probable that some of the 1.15
per cent lost at a low red heat is the 0.82 per cent carbonic acid
which the mineral contains. Manganopectolite dissolves slowly
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in concentrated hydrochloric acid leaving finely divided silica
behind. It melts to a glass only at a very high heat. The
spectroscope shows the presence of lime and sodium and a small
portion of the mineral fused with sodic carbonate gives the char-
acteristic bluish green color of manganese.

Eucolite.—According to Brogger (Syenitpegmatitgiinge, p.
489) all those crystals which have the form of eudialyte and es-
sentially its chemical composition, but negative double refraction
in place of positive, are to be considered eucolite. It appears,
therefore, that the yellowish brown crystals bearing a great re-
semblance in form and size to eudialyte, but which are charac-
terized -by their negative double refraction, are to be classed
under this head. The crystals which appear in the Arkansas
rock are of a much lighter brown or brownish yellow color than
those from Norway. The cleavage parallel to the base (0001) is
muca more pronounced than in eudialyte, but in other direc-
tions it is about equally poor with that already noted.

The following faces have been observed (fig. 20): ¢=0R
(0001), R=+R (1011), d=-%R (0112), g=oco P (1010), a=co P2
(1020). Some of the angles between these faces and the base
have been measured, but the poor reflec-
tions prevent the obtaining of accurate
results. The angles recorded are prob-
ably not nearer than from 15’ to 30’ to the
true angles. Owing to these large limits

o o e T . Fig. 20. Eucolite from Mug-
of error, it is impossible to calculate any n cove.

axial ratio for this mineral, but the angles as measured do not
differ very much from the corresponding angles of eudialyte.

Angle. Measured. Calculated.
¢ : d(0001): (0112)  50° 40’ 30”7  50° 43 6"
¢ : R(0001): (10T1) 67 12 67 45 24
¢ :a(0901):(1120) 89 53 90
e : g (0001): (1010) 90 25 90

The specific gravity taken in the same way as that of
eudialyte gave 2.6244 to 2.6630 at 16° C. This is extremely
low, but even after bringing in a correction for adhering ortho-

17 Geologlcal; Vol, ii., 1890.
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clase (sp. gr.=—2.56—2.62) the figures would not be much higher.

Hardness 5 to 5.5.

In thin sections this mineral appears semi-transparent, and
is of a white to a very light yellow color. In convergent polar-
ized light a section perpendicular to the principal axis shows a
black cross which when tested with a mica plate establishes the
" negative character of the dguble refraction very plainly. Mag-
netite and ®girite appear to be only inclusions. Some ecrystals
were found which were made up of both pink and yellowish
brown material, and in these cases it was always found that the
former was positive and the latter negative.

Wilhelm Ramsay in his “Geologische Beobachtungén auf
den Halbinsel Kola”* has observed that, in the eudialyte of the
nepheline syenite which he describes, both positive and negative
as well as isotropic zones appear, but that no difference in color
nor in the indices of refraction between the various parts was
detectable. Ramsay’s observations were made by means of a
selenite plate on sections, which were slightly inclined to the
-principal axis, while those on the Arkansas mineral were made
by means of a quarter-undulation mica plate on sections parallel
to the base.

From the low specific gravity and hardness, as well as the
want of complete transparency in the eucolite crystals, it is
almost certain that these crystals are decomposed or weathered
eudialyte. To these facts may be added the observations that,
in cases where the eudialyte has begun to weather, it is.found in
the form of pink grains surrounded by a soft, yellowish brown
powder, which resembles very closely the eucolite just described.
Moreover, it is probable that the yellowish coatings observed on
the surface of the eudialyte crystals already described are made
up of this same brownish yellow mineral. A determination of
the amount of water in a specimen of the eucolite would be of use
in deciding the question of its origin.

2]

3. Eleolite Porphyry.

Eleolite Porphyry is characterized, according to the division

* Fenaia, Bulletin de la Société de _&)graphie de Finland, Towme [Lf., No.7, pages
43 and 43,
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of rocks adopted * in this report, by the occurrence of pheno-
crysts of eleolite imbedded in a fine-grained to aphanitic ground-
mass, consisting of eleolite, ®girite, etc., and by the absence of
feldspar among the phenocrysts. In cases where the feldspar
predominates the rock is considered to incline towards tin-
gudite.

Eleolite porphyry occurs at several points in the Cove but
in scarcely two of them does it appear in exactly the same form.
It sometimes appears as a mass of yellowish or pinkish pheno-
crysts of eleolite 4 to 5mm in size imbedded in a dark crystalline
groundmass. These crystals form at least 50 per cent of the
rock. In other cases the eleolite is much less frequent in its
occurrence and is then almost always of a beautiful pink color.
In such cases as the preceding the groundmass is dark and dis-
tinctly crystalline.

Still another variety of this rock occurs in which the eleo-
lite has become very indistinct and the groundmass has lost its
crystalline appearance and has become much finer grained. This
{ast variety is very hornstone-like in its characteristics.

a. Coarse-grained Eleolite Porphyry.

When the coarse-grained variety of eleolite porphyry is ex-
amined under the microscope the porphyritic structure is very
evident. The large phenocrysts of eleolite are imbedded in a
groundmass of smaller crystals of the same mineral and of diop-
side which form a completely holocrystalline, fine-grained base
of a greenish color.

Eleolite of the first gemeration occurs in large hexagonal
prisms whose heighth and diameter are about equal. It is of a
yellowish or pinkish color and shows the charaeteristic oily las-
tre very distinctly.

Under the microscope the eleolite crystals appear in hexa-
gonal or rectangular sections and are easily recognized by their
optic properties. They are usually filled with inoumerable,

© Rosenbusch states (Mikroscopische Physiographie, Band I1I., 1887, p. 256) that eleolite
porphyry is characterized by phenocrysts of nepheline aund alkall feldspar, but in this rock the
feldspar has heen reduced to a minimum and eleolite or nepheline crystals constitute all the
phenocrysts. )
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small gas inclusions which take the form of minute dots and
slender rods. The latter are not more than 0.007mm in
length and of about one-tenth that thickuess, while the dots
are not more than 0.0005mm (one fifty thousandth of an inch)
in diameter. These rods and dots are all arranged in lines
parallel to the principal axis and are so close together
(0.002mm) that without the use of high magnifying powers they
give the appearance of a striation parallel to the vertical axis.
The smallest of these inclusions appear black owing to the total
reflection of light which takes place inside of them. In certain
zones inclusions of large size occur and give a banded appearance-
to the crystals. No liquid inclusions have been detected in
either the large or small cavities; mineral inclusions are likewise
wanting. Along the cracks of the crystals decomposition has
often taken place with the formation of the usual decomposition
products.

Eleolite of the second generation is in much smaller crystals.
than that of the first generation, and it also shows a tendency
towards idiomorphism. The crystals have, however,in most cases.
continued their growth after the formation or the beginning of
the formation of the diopside crystals so that although the cen-
ters of the crystals are clear and free from inclusions the edges
include completely and partially formed crystals of diopside.
Inclusions like those in the eleolite of the first generatlon are
found also in those of the second.

Diopside occurs in both idiomorphic and allotriomorphic
crystals which appear under the microscope a light yellowish
green in the center and a darker green near the outside. They
are comparatively small and show distinctly by their form and
position that they crystallized after the eleolite of the first gen-
eration, but that their formation began before that of the eleolite
of the second generation ceased. The cleavage and crystal
forms are as usual.

The diopside is very slightly pleochroitic and its angle of
extinction is large; it has been measured in some cases, where
the crystal form was sufficiently distinct to indicate the position
of the vertical axis, and found to be as much as 46° to 50°. No
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sensible diminution of this angle was observed near the edge. In
many cases twins occur and they always follow the law, twinning
and composition plane, the orthopinacoid (100). In some cases
the twinning takes place in such a way that there is only a thin
plate in the twinned position included between two portions of
‘the principal crystal.

Melanite occurs in small crystals which differ in no way
from those already described (p. 212).

Biotite is rare aud when present is always of seoondary
origin.

Titanite is common and appears in comparatively large,
idiomorphic crystals of the usual form.

Magnetite is scarce.

The order of succession in which the minerals were formed
is a8 follows: Titanite and magnetite, eleolite of the first genera-
tion, diopside, eleolite of the second generation, melanite, biotite,
-decomposition minerals.

A chemical analysis of this rock made by the Survey, W.
A. Noyes, analyst, gave the following percents :—

Analysis of eleolite porphyry.

157 10 TSR 44.60
THO,u. v eerereeierecunnrueenensssscssnnns 1.40
N K 0 SRR 22.96
Fe,0, (incl. FeO)....uueuunnnnnne 6.84
(0710 N 8.65
MO .ot ceeeenree e 1.66
KOt cereen reeereen, 4.83
)L £ o RO 6.70
H.O (loss on ignition)........... 2.06

Total cevveeeerrnnririiiernnerrrene 99.59

This evideuntly connects this rock directly with the eleolite
syenite of the cove and ridge types and not with the Diamond
Jo type.

b. Fine-grained Eleolite Porphyry.

This form of eleolite porphyry is a dense, dark rock with
less frequent pink crysals of eleolite and differs from the rock
Just described in the foilowiog points :—

The groundmass contains orthoclase in poorly defined crys-
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tals which, together with the secondary eleolite, make up the
most of the mass.

Much secondary biotite is found in most of the slides of
this variety of rock. It occurs in short, thick plates of a brown-
ish color and shows strong pleochroism. It is scattered more
plentifully through the eleolite than through the orthoclase

crystals.
In many cases melanite has been observed. It is often

almost filled with small eleolite crystals which give it a honey-
combed appearance. It also occurs in small, sharp, isotropic
crystals.

The crystals of the groundmass already mentioned are inter-
mingled with quantities of minute, green crystals (0.004mm in
diameter) which are thick prismatic or irregular in form and are
much rounded on the edges. They are often grouped together in.
such a way as to indicate the previous existence of larger crys-
tals of the same substance. These minute crystals have a large
angle of extinction and little or no pleochroism and are probably
diopside.

The phenocrysts of eleolite, like those in the preceding:
rock, are often much decomposed. The most important altera-
tion product is cancrinite.

The hornstone-like variety of this eleolite porphyry is the
rock which has already been mentioned (page 177) as the one
whose true character is hard to determine even under the mi-
croscope. It often presents a bluish gray, hornstone-like appear-
ance and on account of a complete absence of sharp crystals.
might easily be mistaken for the metamorphosed shale described
later. It may perhaps be described by the name eleolite felsite-
or felsitic eleolite syenite.

Its groundmass consists of an extremely fine-grained, doubly
refracting mass whose character cannot be definitely determined:
and in which are scattered numberless, extremely minute, color-
less or slightly greenish crystals whiclkr probably represent the
small diopside crystals described under the last rock. Larger
prismatic crystals of the same mineral also occur. When closely
examined macroscopically spots are observed in the rock which
bave a slightly pinkish color and, although not sharply defined,
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bave a decidedly different appearance from the rest of the rock.
Under the microscope these appear to be still finer grained than
the rest of the rock and to be somewhat purer in substance. It
is probable that had the rock had more time in which to solidify
these spots would have become eleolite crystals. The rock on
the whole presents such an appearance that it may well be re-
garded as merely a more quickly cooled form of'the last described
rock which, had it solidified more slowly, would have presented
the same form as the latter. '

A chemical analysis of this rock made by the Survey, W.
A Noyes, analyst, shows very distinctly that it belonged to the .
igneous and not to the metamorphic rocks since, except in the
case of a direct contact, it is difficult to conceive of enough
alkali being added to a shale to give it the composition ehown
below. Inorder that this analysis may be compared with those
of some of the shales from the same geologic formation to which
the eleolite felsite must be referred if it is of sedimentary origin
four analyses of shales made by the Survey, R. N. Brackett,
analyst, are placed along with it.

Comparison of analyses of eleolite felsite and certain shales.
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I. Eleolite Felsite from the ‘“Ridge,” 100 yards north of Dr.
Thoraton’s house, Magnet Cove, Ark. Analyzed by W. A. Noyes.

II. Shale from the railway cut at the south end of the upper
bridge, Little Rock, Ark. Anpalyzed by R. N. Brackett.

III. Shale from Round Mountain, 5N., 10 W., tection 6, Ark.
Analyzed by R. N. Brackett.

IV. Dark gray shale, Round Mountain, 5 N., 10 W., section 6,
Ark. Analyzed by R. N. Brackett.

V. Friable, yellow shale 800 feet south of rifle pits on “Nigger
Hill"” south of Fort Smith, Ark. Analyzed by R. N. Brackett.

Many other rocks which are apparently similar to this occur
(page 196) along the Cove ridge and in every case the question
of their origin presents itself. It is probable that in some cases
they should be classed with these felsitic rocks, but there are also
very many metamorphosed sedimentary rocks among them which
it is diflicult to distinguish from the felsite without the aid of
chemical analyses and microscopic sections. These rocks have
been classed under the head of “hornstone” and will be described
later among the ‘‘contact rocks.”

4. Eleolite Tingudile.

Eleolite tingudite is characterized by the occurrence of
phenocrysts of orthoclase or sanidine imbedded in a groundmass
of feldspar, eleolite, etc.* It forms narrow bands crossing “The
Ridge” in an esst-southeast direction at several points whose
locations are described in the preceding chapter. It is ofa
gray or black color and the white orthoclase phenocrysts stand
out sharply from the groundmass. The rock breaks easily and
shows a waxy fracture. The only phenocrysts which have been
‘observed are large orthoclase crystals which not uncommonly
reach a diameter of 20mm, but vary much in size in the different
specimens. They are always thin tabular parallel to the clino-
pinacoid (010) and thus resemble sanidine, but they are opaque
and of a white colorand do not possess the characteristically glassy
appearance of sanidine. Under the microscope the rock appears
porphyritic and shows a fine-grained, allotriomorphic granular

¢ Uoder the head of “Elwolithsyenitporphyre' (Mik, Phys., B. 11., 1887, p. 300)
Rosenbusch mentions a rock from the Pesmeda Mt., Tyrol, described by Dilter (Jahrb. k. k.
Reichsanstalt, Band XXYV., 1873, p. 226} in which much the same order of crystallization was
observed.
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groundmass in which are imbedded the phenocrysts of sanidine
and which itself consists of a confused mixture of sanidine, eleolite
and secondary mica, with here and there some of the bisilicates.

Orthoclase (sanidine) of the first generation varies, as has been
stated above, between wide Jimits in point of size, but in all cases
it has the same general characteristics. The only faces which
have been observed on itare 0P (001); co Pdo (010); ~P (110)
and + P (101). )

Under the microscope it is usually only semi-transparentand
shows the ordinary cleavage-planes and angle of extinction of
potash feldspar. In convergent polarized light it shows a very
small optic angle which, although it has not been measured, is
evidently not over 10 or 15 degrees in ordioary light. The
plane of the optic axes in all cases which have been observed,
lies parallel to the clinopinacoid. The crystals are very free from
all kinds of mineral inclusions but they contain’ both liquid and
gaseous inclusions in small quantities. Twins according to the
Carlsbad law are not uncommon although the single cryctals pre-
dominate.

It is evident from the above mentioned characteristics that
the feldspar is sanidine rather than orthoclase.

Orthoclase (sanidine) of the second generation appears only
under the microscope and is invisible to the naked eye. It forms
irregularly bounded crystals which are usually filled with inclus-
ions of secondary biotite and dust-like magnetite. It may be
recognized as potash feldspar by its characteristic cleavage,
extinction and behavior in polarized light. The individual erys-
tals of this mineral which form the groundmass are so massed
together that every indication of crystal form is lost where they
Jjoin each other; where they come in contact with the residual
groundmass they are corroded and eaten away until no exterior
crystal form remaine. They are often 0.5mm in diameter and
form a good part of the groundmass, the rest of which consists of
smaller crystals of potash feldspar, which are evidently of a still
later formation, and which contain even more biotite and other
impurities.

Eleolite (nepheline) is very scarce. There are a few small
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crystals of cancrinite in the groundmass which may have been
derived from eleolite and, in a few instances, the undecomposed
mineral has been observed surrounded by decomposition pro-
ducts. The undecomposed material gave a uniaxial cross and
negative double refraction. The amount of sodium present
indicates either that the feldspar is very rieh in that element or
that some sodium miuneral is present in appreciable quantities.
Secondary biotite occurs scattered through the feldspar of

the second er third generation in the form of irregular plates of

a reddish brown color. It is probably due to the decomposi-
tion.of some original bisilicate. The plates are usually either
very small (0.05mm) or else they are completely honey-combed
in their structure and include the light colored silicates within
their borders.

Secondary magnetite appears in the form of long rods and in

irregular masses which often indicate by their arrangement some
decomposed bisilicate.

A chemical apalyeis of this rock was made by the writer
with the following results:—

Analysis of eleolite tingudite.

(] 10 TSP 53.76
Y | (0 T PPN .none
ALO;..cciiiiiiiiiiieneens veeer s 23.21
B QX 0 O IO 1.27
FeO c.ovvrrceeieriiviiecnecvennesae 3.18
CBO ....ccciiireiriitnin i e 2.94
BrO.ccciviieiiciiiniien 0.04
MDO....... coceviiiiiirinrenieeni e none
). 14 O PPN 0.23
200 J OO 7.01
Na,O . 6.97
) 5 X T trace
(6] PO PP 0.02
2 P . trace
Loss on ignition.................... 1.71

Total......eeeeeeanneersvnensans 100.84

The above analysis shows that the rock is entirely free from
titaniom and associated elements, but the large amount of alkali
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present—nearly 14 per cent—shows its probable associatien
with the syenitic rock.

Taken as a whole the rock is very unsatisfactory from a pet-
rographic point of view. With the exception of the large pheno-
crysts of orthoclase (sanidine) and in a few instances of the .
eleolite no crystals appear which are well defined or distinctly
characterized. Were it not for the great size of the phenocrysts
and of the close correspondence of the chemical analysis with
that of the eleolite syenite (Diamond Jo type) and of the leucite
syenite dike rocks, the rock would be considered a meta-
morphosed sedimentary bed, but for the reason just stated it is .
classed in the group of the tingudites.

C. Leucitic Dike Rocks.
1. Leucite Syenite Dike Rock.*

The leucite syenite dike rock as it occurs in the Magnet
Cove region is a hypidiomorphic granular combination of pseudo-
leucite, eleolite, orthoclase, and basic silicates, which presents a
more or less perfect granitic structure and is genetically con-
nected with the eleolite syenite dike rocks.

This exceedingly rare and as yet almost unstudied rock
forms a comparatively large mass io Magnet Cove and is directly
associated with the cleolite syenite of the Diamond Jo type
(p- 233). Tt is macroscopically distinguished by the large
pseudoleucite crystals which are imbedded in a finer grained
groundmass and give a very characteristic appearance to the
rock. This groundmass consists principally of eleolite, black
garnets and feldspar all of which are easily distinguished with~
eut the use of a glass. The difference in the size of the pseu-
doleucite crystals and the other constituents in many cases gives
to the whole a somewhat porphyritic appearance although a true

¢ Rosenbusch (Mik. Phys., Band II., 1887, p. 607) states that it is one of the most strik
ing facts in the whole field of petrography that the mineral leucite, which so far as is known
occursonly in the younger eruptive rocks, was not formed until the later periods of the earth’s
history.

1 The term pseudoleucile is used to designate that mineral which occurs s> plentifully in
this rock and which is bounded by crystal faces showing that it was once a leucite crystal,
although no particle of the original leucite subst now re

v
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porphyritic structure is not observed in typical specimens of
this rock.

Microscopically the groundmass in which the pseudoleucites
lie is seen to be somewhat porphyritic, in that the eleolite
crystals are large and idiomorphically bounded and lie in a
hypidiomorphic granular groundmass of melanite, diopside and
smaller, idiomorphic eleolite crystals.

Pseudoleucite forms large, icositetrahedral crystals often 5cm
in diameter. The larger of these are usually rough on the out-
side and indicate that they have been strongly acted upon by
decomposing ageats. They are covered with a light yellow to
dark brown coating, but when broken usually show-a white
interior with small crystals of magnetite and pyroxene dissem-
inated through them. Eleolite is occasionally imbedded in them
and forms quite large, idiomorphic individuals. In some cases
it has been found lying half in a crystal and half in the matiix.
The rough exterior coating of the pseudoleucites is seen either
macroscopically or with the aid of a magnifying-glass to be made
up of orthoclase (sanidine) crystals which lie with their longer
sides parallel to the edges of the deloid faces of the icositetra-
hedron. Oan closer examination these long, apparently prismatic
crystals are found to be the edges of thin, tabular crystals which
lie with their symmetry-planes (010) perpendicular to the
icositetrahedral faces (see below).

Uuoder the microscope the pseudeleucites are found to consist
of a network of small, allotriomorphically bounded, tabular or-
thoclase crystals which are generally arranged in radial forms and
which are often interspersed with small, allotriomorphic eleolite
crystals and idiomorphic pyroxenes.

It is common to find the orthoclase (sanidine) crystals lying
with their symmetry-planes at right angles to the edge of the
section and hence forming a sort of palisade about the edge. In
a medial section from a Scm crystal this palisade structure was
very apparent and inside of it radiate masses of feldspar were
found. These radiate masses are so closely bunched together
that there is very little intermediate space left and consequently
the only conspicuous mineral in the section is orthoclase. Eleo-
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lite, or rather its decomposition product, cancrinite, is often
noticed in very small grains included betwgen the feldspar. crys-.
tals. In the fresher specimens it seems to form about one-fourth
of the whole mass. In some sections the eleolite becomes quite
conspicuous and in some cases even forms large macroscopic
crystals,

The orthoclase (sanidine) individuals in the radiate massea
of the above mentioned medial section of pseudoleucite when
viewed in parallel polarized light are found to extinguish con-
secutively and thus to have a spheroidal structure. The ortho-.
elase (sanidine) is nearly opaque, white and shows a distinct
basal cleavage. It is sometimes twinned according to the Carls-
bad law although single individuals are the more common.

The eleolite appears in a few cases as large, yellowish, idio-.
morphic crystals, but is a3 a rule only detectable through its de-
composition products. These may be etched with hydrochlorie
acid and stained with fuchsine, but the results obtained are not.
very satisfactory.

Pyroxene exists in poorly defined, greenish prisms which
were at one time idiomorphically bounded but which have since
then been entirely altered about the edges into secondary pro-
ducts. From its color and extinction it is probable that it is
mgirite. At best it is very scarce and in the fresher crystals is
.often entirely wanting.

Minute grains of magnetite have been observed.

In order to obtain an idea of the chemical constitution of"
these most interesting pseudomorphs some of the freshest crystals
were selected from the same rock from which the material was
obtained for the complete analysis (see later).

The analysis was made by the writer and was divided into
two parts as follows: The portions of the crystals which were
soluble and insoluble in hydrochloric acid were analyz:d sepa-
rately and a total analysis was afterwards made as a control of
the sum of these results. The method of treatment was that
used and described at length by Rammelsberg in his analyses of
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similar crystals from old Vesuvius lava.*
The results of these partial analyses and the sums of their
different components as well as the check total analysisare given
below.

Table of analyses of pseudoleucite.

* The finely powdered ma'erial was digestod on a sand bath for several hours with
dilute hydrochloric acid and from time to time concentrated acid, in small quantities, was
udded until the fluid had at'aincd a concentration of about 1to 1. The liquid was then diluted,
filtered through a quantitative fliter, thoroughly washed and the residue, flter and all, was
digested for one hour with a strong solution of sodic carbonate in order to remove any silica
which was separated by the action of the hydrochloric acid. Theliquid was filtered and the
trea ment with solic carbonate was repeated and the liquid was then again fltered and was
found to coutain little or no additional silica. The residue was very thoroughly washed with
water and dilute hydrochluric acid to remove all traces of the sodic carbonate and was then
dried, ignited and weighed. The sodic carbonate extractions were acidified with hydrochloric
acid and evaporated to dryness, heated to 12.°C. in an air bath, taken up with a few drops of
hydrochloric acid, filtered, dried, ignited before the blast lamp, weighed, treated with hydro-
fluoric acid and weighed again.

The filtrate from the digestion with hydrochloric acid was evaporated to drynm_
weighed as above, and the amount of silica found wus added 10 that f[rom the sodic carbon:te
treatment and considered as the silica of the soluble portion of the mineral. The filtrate from
the silica of the hydrochloric acid digestion was then analyzed for iron, alumina, lime, stron-
tia, magnesia, potash, soda and lithia.

The insoluble portion after being weighed was dissolved in sulphuric and hydrofluoric
aclds and a de’ermination made of everything except silica which could be estimated only by

. difference. (Poggendor(’s Annalea. Band XCV., p, 142).



MAGNET COVE ROCK—LEUCITE SB8YENITE DIKE ROCK. 211

In order to compare the analyses of the Arkansas material
with those made by Rammelsberg of the two specimens of the
similar minerals from the old Vesuvius lavas which were sent
him by Professors Scacchi and Mitscherlich these two series of
analyses are placed in one table. o

The quantities enclosed in parentheses were not directly de-
termined in the columuns where they appear, but were either only
determined once for all or they were determined as the difference
between the sum of all the constitnents and one hundred. All
the water or logs on ignition in the analyses of the Arkansas
material was p‘lnced under the soluble part, because, as the in-
soluble part was heated before the blast lamp previous to analy-
sis, it was impossible to determine its water.

If the results of the partial analyses of the pseudoleucites
from Magnet Cove be recalculated to 100 per cent, they are
found to approach very closely to the composition of eleolite and
orthoclase respectively. - ‘

For the sake of comparison analyses of crystals of eleolite
and orthoclase are placed with the recalculated partial analyses
of the pseudoleucite from Magnet Cove. "

Table showing similarity of partial analyses of pseudoleucite (o
analyses of eleolite and orthoclase.

* The water was omitted from the analysis of this part because there was ro certainty
that it belonged here and the analysis was brought to 100 per cent without it.
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I. Soluble portion of pseudoleucite crystals from Magnet Cove,
Ark., recalculated to 100 per cent. (Eleo!ite.)

II. Eleolite from Magnet Cove, Ark. Analyzed by Smith and
Brush. Am. Jour. 8ci., 8eries 2, Vol. XVI., 1853, p. 871, (See page .

210).
III. TInsoluble portion of pseudoleucite crystal from Magnet

Cove, Ark., recalculated to 100 per cent. (Orthoclnse.)

IV. Orthoclase from Brazil. Anpalyzed by v. Hauer (Kenngott's
Uebersichte, etc., 1866-7, p. 108. Cited after Descriptive Mineralogy,
by J. D. Dana, 1868, p. 857).

It is evident from the above analyses that the soluble and

insoluble parts may well be considered as consnstmg of eleolite
and orthoclase respectively.

F. A. Genth of Philadelphia made the first analysis of this.
pseudomorphic material from Magnet Cove and the results of his
examination were published by G. F. Kunz in a paper entitled
“A pseudomorph of feldspar after leucnte(") from Magnet Cove,
Arkansas.”’*

Io this paper Kunz describes the mineral as it occurs in its
most weathered form. It was of such a crystal that Genth made
his analysis, and consequently his results correspond more nearly
with the analysis of similar material from Oberwiesenthal and
Vogelsberg than with those of fiesh material from the Arkansas
rock.

It is apparent that the material which Genth analyzed is
very unlike that used by the writer in his experiments and hence
no direct comparison between the two can be made.. Both speci-
mens show, however, that leucite is the mineral from which the
pseudomorphs were formed. These analyses show that eleolite
is present in much smaller quantities in the large, much decom-
posed crystals than in the smaller, fresh ones and with this conclu-
sion the results obtuined from the optic examination entirely
agree. ‘

The result of Genth’s analyses, which he compares with

¢ Proceeding o( the A. A. A.8,, Vol. XXXIV., Ann Atbor meeting. 1885. Salem,

Mass,, 1886, pp. 24R-246.
Also Am. Jour, 8ci., Series 8, Vol. XXXI., 1886, p. 74.
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those of Bergemann* from Oberweisenthal and Knop} frem
Vogelsberg, are as follows:—

Analyses of altered leucite from various localities.

(*) The mean of Genth’s two analyses only is given.

(1) Kunz probably took this analysis from Dana’s Mineralogy, 1868., p. 384. Bergemann
states that 1,217 per cent of water was given off on ignition. He considers the ferric oxide
(Feg0,) an impurity but retains the ferrous oxide (FeO) in the analysis. Bergemann treated
the coarsely powdered material with very dilute, cold hydrochloric acid and obtained 5.96 per
eent soluble and 93.86 per ceat insoluble matter. The analysis given above is the sum of the
analyses of these two portions. Rammelsberg in quoting this analysis (Mineralchemie, 1875,
p. 444) gives the iron as oxide (Fe;03=2.20) and adds in the 1.22 per cent of water (H,0=1.22)
waking a total of 101.26.

(1) Fe203=1.98 should read FeO=-1,98.

The crystal which was analyzed by Genth was examined
optically by G. P. Merrill of Washington and the description of
the sections studied by him correspond in all particulars with
observations made by the writer on the medial section of the
large, decomposed crystal mentioned above. Merrill (see paper
by Kunz, p. 244) says:—“From my examination of the thin sec-
tion I find the structure quite homogeneous, but spherulitic,
nearly the entire mass being made up of the small, spherulitic
bodies shown in the photograph (not reproduced). These bodies,
which are a millimeter, or upwards, in diameter, consist of a
‘central, nearly colorless, mass, non-dichroic, but giving the
polarization of an aggregate in faint, iridescent colors. This
center is, in many cases, stained yellowish by metallic oxides.
Beyond the center is a zone consisting of radiating, columnar
bodies of indefinite outline, giving no colors between crossed

* Ueber eine Pseudomorphle des Leucits, von C. Bergewnann. Journal f. prakt.
Ohemie, Band. LXXX., 1860, p. 418.
+ Jahrbuch f. Mineralogie, Jahrg. 1865, p. 485.
18 Geologiea); Vol. if., 1890,
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nicols but showing their greatest extinction nearly always paral-
lel to lines drawn from the center of the spherulite toward the
circumference. The spaces between these columnar bodies are
filled with the same colorless aggregate as the central portions of
the spherulites. These last, it may be stated, are not in all cases
spherical in outline, but often irregularly elongated, baving
evidently interfered with one another in process of formation.
Those towards the ceuter of the crystal are most elongated,
while those toward the outer portion of the crystal are less
closely compacted and hence possess a circular outline, as seen
in the plate. The difference in shape is, so far as I can deter-
mine, the only distinguishing feature between the outer crust of
the pseudomorph and the more compact interior.

“What I have written, you perceive, furnishes no clew what-
ever as to what the original mineral may have been, and I am
able to obtain no measurement of extinction or crystallographic
angles that shall help me in the least.”

Ia the conclusion of the paper Kunz suggests that from the
fact that the outer shell of these crystals breaks off easily they
may be alterations of garnets and adds that the poiat of break-
ing may be the point of contact of the garnet with schorlomite
which is usually inclosed in it. He says, however, that the
similarity between the analysis of this material and that made
by Bergewann of a feldspar pseudomorph (closely resembling
oligoclase in composition) after leucite from the Oberwiesenthal
in Bohemia (). c.) suggests very strongly the identity of the two
minerals and the derivation of the Maguet C)ve pseud »morph
from leucite. Kuoz then suggests the possibility of the existence
of large quantities of this mineral at the Cove (See page 208).

An occurrence of crystals similar to the pseudoleucites has
been described by Hussak * from Brazil in a letter to the editor
of the the Neues Jahrbuch fiir Mineralogie.

The groundmass of the lencite syenite resembles very
closely the eleolite porphyry already described (See p. 269). It
is a bypidiomorphic granular mixture of eleolite, orthoclase,

. U.e;)er Leucit-Pseudokrystalie im Phonolith (Tinguaite) der Serra de Tiogua, Estado
Rio de Jaceiro, Brazil, von E, Hussak. N. Jahrb. fir Mineralogie. Jahrgang 1890, Band
1, p. 167,
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pyroxene, biotitée and melanite in which the eleolite is by far the
most prominent member. It appears as phenocrysts in a fine-
grained base consisting of smaller, idiomophic eleolite, biotite
and melanite crystals.

Eleolite occurs in idiomorphic crystals of a short prismatic
form and differs in no respect from that already described. In
inclusions and decomposition products it is also identical with
other eleolite orystals. Their size is the only indication that
the crystals are of a younger generation than the larger
crystals since they are idiomorphic in form.

Orthoclase is scarce aud appears in small translucent crys-
tals tabular parallel to the clinopinacoid (010) which are generally
twioned according to the Carlsbad law. The optic axis angle
is rather small, but not as small as that usually found in sanidine
and as the glassy appearance is entirely wanting the mineral
may better be classed as orthoclase than as the latter.

Sodalite has not been observed under the microscope but
from the amount of NaCl (0.64 per cent) which was found in
the chemical examination of the rock it is probable that it is
present although not optically distinguishable.

Pyrozene. Two minerals which belong under the head of
pyroxene have been observed; the more important of these is a
comparatively large-grained diopside which shows considerable
pleochroism and is generally bounded by a darker green band.
Its angle of extinction is usually about 40° and in other respects
its characteristics correspond very closely to those of the same
mineral described in other rocks from the same locality.

Zgirite also occurs in small crystals which are of a decided
green color under the microscope and show a small angle of
extinction. It is evident that these crystals are of late formation
and are probably of secondary orgin. In some cases they show
very distinctly that they have been formed by the decompo-
gition of the diopside.

Biotite occurs in thick, irregularly bounded plates which
seldom exceed one millimeter in diameter. They show the
corrosive action of the magma in which they were formed and
are, also, often much decomposed about the edges.
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Melanite is found in varying quantities in the different
specimens. In some it is almost entirely wanting while in
others it forms a very important factor. It is ofa rich brown
or yellowish brown color, decidedly zonal in its structure and
isotropic in its optic properties. It is usually idiomorphically
bounded and is often penetrated by eleolite crystals causing it to
present a decided ocellar structure. In some cases more than
half the area inclosed within the boundaries of the section con-
sists of melanite material.

Titanite in idiomorphic crystals and magnetite in smalb
grains are common. Pyrite also often occurs.

The decomposition products common to the eleolite syenite:
occur in considerable quantities. Thue, cancrinite, calcite, and
undetermined zeolites are often present in large numbers.

From the following chemical analysis (1) the leucite syenite-
dike rock is seen to be very closely allied to the eleolite syenite
of the Diamond Joe type (11). In order to show this similarity
the two analyses are placed side by side.

Comparison of analyses of leucite syenite and eleolite syenite from
Magnet Cove.

(* Material dried at 185° O.
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I. Leucite syenite from near Diamond Jo quarry, Magnet Cove,
analy. by W. A, Noyes.

II. Eleolite syenite from Diamond Jo quarry, Magnet Cove,
analy. by R. N. Brackett. (See page 238).

The silica of the leucite syenite is two and a half per cent
lower than that of the eleolite syenite, but the other constituents,
and espeocially the alkalies, are present in such nearly equal
quantities that it is probable that the two rocks were formed
from the same magma.

This view is further substantiated by the fact that the two
rock pass into each other without showing any line of separation
whatever. In the large block of stone west of the Diamond Jo
quarry this can be well seen (figure 10, page 199). The
figure was drawn from a photograph of this boulder in order to .
show the gradual transition from the leucite into the eleolite
syenite but the attempt was not wholly successful.

The eleolite rock appears to have cooled last because in
every case where it is observed in conjunction with the leucite
rock it is seen to have formed a sort of flow structure around
the latter.

Many varieties of both the eleolite syenite dike rock and
the leucite syenite dike rock show a movement in the magma
during the cooling and are, therefore, properly classed among the
intrusive dike rocks.

2. Leucite Tingudite.
a. Border Type.

This type differs from the “dike type” (p. 281), the de-
scription of which will follow, both in its structure and mode
of occurrence. It forms a mass of rock which is in all prob-
ability the border of a larger mass of leucite syenite dike
rock and shows in its structure no indications of flow, as the
dike type does. 1t also differs from the latter in its macro-
scopic appearance for in no case does it show the glassy
fracture so characteristic of the dike type and which causes
the latter to bear such a strong resemblance to phonolite.

The leucite tinguiite is found in both green and black
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varieties and in some of its forms might easily be mistaken for
a metamorphosed sedimentary formation were it not for
the more or less distinct pseudoleucite crystals which appear
in it. The black variety containing comparatively distinct
pseudoleucite crystals is almost identical with that from
Brazil, and on comparing specimens from the two localities-
the greatest similarity is observed.

The Brazilian rocks * of this type have been studied and
described by Graeff + and by Machado § without the detection
of the true character of the large icositetrahedral masses.
Dr. E. Hussak has been working upon the igneous rocks of
Brazil in connection with Mr.O. A. Derby, for some time
and a short resumé of their work was read by Derby before
the American Association for the Advancement of Science at
the Indianapolis meeting in 1890|. In this Derby
describes briefly the Brazilian localities in which the granitic
type of nepheline syenite, or foyaite, occurs associated with
typical volcanic eruptives in such a way as to show that it is
a volcanic rock in the most restricted sense of the term.
Moreover the habit of many of the foyaite masses is that of
a lava flow. Specimens and photographs of peculiar polyhe-
dral inclusions or pseudo-crystals having the form but not
the substance of leucite and consisting of coarse-grained
foyaite imbedded in a fine-grained phonolitic groundmass
were exhibited.

It thus appears that Hussak and Derby found the *in-

© The writer is greatly indebted to Dr. George H. Williams of John Hopkins Univer-
sity for a specimen of rock similar to this leucite tinguiiteand from the already renowned Brazil~ ’
ian locality, also to Mr. Orville A. Derby, Director of the Geological Commission of 8do Paulo,
Brazil, with whom he spent several days io comparing the rocks from the Brazilian and Arkan-
sasregions, Mr. Derhy has made many valuable suggestions which have been gladly adopted
by the writer and which have been made use of in this report in such a8 way that it has been
impossible in every case to give the credit where it is really due.

t Mineralogisch-petrographische Untersucbung von Eliolithyseniten von der
Serra de Tingui, Prov. Rio de Janeiro, Brazilien, von Franz Fr. Graeff, N. Jabrb, fir Min,
Jahrg. 1887, Band II., p. 255,

t Petrographbie der sidwestlichen Grenze zwischen Minas-Gerads und S. Paulo von
Jordano Machado. Min, u. Pet. Mitth. Band IX., 1888, p. 847,

1 Proceedings of the A. A. A. 8,, Indianapolis Meeting, 1890, Vol. XXXIX.
Salem, 1891,
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clusions” to have been originally leucite crystals which
contain no longer the leucite material but a wmixture
of minerals which approaches the eleolite syenite in its com-
position.

- G'reen variety—This rock consists of a dense green
groundmass in which are scattered large phenocrysts of
pseudoleucite. These are often 5cm and more in diameter,
By exercising great care these may be broken out from the
rock in sach a manner as to show a few sharp crystal
faces but perfect crystals have not been obtained.

The fracture of the rock is dull and it shows, even
macroscopically, that the groundmass consists of a holocrys-
talline mass of minute crystals which shows no tendency to-
wards a fluidal structure. In some cases there are large
phenocrysts of biotite but they are rare. Jet black, shining
gections of melanite also occasionally occur. Eleolite ap-
pears in large phenocrysts and often penetrates both the
pseudoleucites and the groundmass.

Under the microscope the complete absence of fluidal
structure is a very striking feature. The base is seen to be
made up of a hypidiomorphic nearly panidiomorphic granu-

lar mass of eleolite, ®girite, biotite, and melanite.
. Pseudoleucite crystals occur as large phenocrysts and
are in every respect identical with those already described
(p. 268).

Eleolite and its decomposition products make up the
body of the groundmass through which are scattered idio-
morphic egirite needles which give the green color to the
rock. Biotite occurs in brown plates of two generations but
is not very plentiful. Melanite appears as usual in small, ir-
regular or idiomorphic crystals and plays but an unimpor-
tant part in the composition of the rock. The accessory
minerals and decomposition products are identical with
those described in the leucite syenite dike rock and the
eleolite syenite dike rock (Diamond Jo type).

Spotted variety (black with white spots).—In some cases &
rock very similar to that just described occurs in which the
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base is black rather than green. The change in coloris due
to the somewhat increased size of the mgirite crystals and to
the occurrence of a greater quantity of magnetite in the base.
Melanite and pyrite appear more commonly in this rock
than in the preceding variety and in some cases an ap-
parently secondary generation of pseudoleucites has taken
place. Several specimens of pseudoleucite crystals have
been obtained from this rock which are perfect icositetrahe-
drons with smooth faces and sharp edges and corners. In
perfection of exterior form they can hardly be surpassed by
the true leucites of the efflusive leucitites, but in the interior
they are completely pseudomorphosed.

Black variety (black with ‘“suggested” leucites).—This
rock is one of the most peculiar of the whole group. It ap-
pears, on the whole, as ablack and dense mass and might
easily be mistaken for a metamorphosed sedimentary rock
were it not for the fact that scattered through it at irregular
intervals are large “suggested ” pseudoleucites. These are
of almost or quite the same color as the groundmass and can
hardly be distinguished from it either macroscopically or mi-
croscopically., They are often several centimeters in
diameter and in a few cases have been broken out from the
groundmass in perfect forms. Under the microscope the
rock is extremely uninteresting and unsatisfactory. It is
made up of a confused mass of small crystals whose optic
characteristics as well as their crystal forms are very much ob-
scured. The pseudoleucites do not differ materially from the
groundmass in structure or in mineralogic composition and
their existence could not be detected by the use of the mi-
croscope alone. It is only when they are known to be
present from macroscopic observation that an infinitesimal
variation between them and the groundmass can be detected
under the microscope. It is for this reason that the name
“ suggested” has been used to distinguish them for in truth
they contain no leucite material proper and yet their form
is in some cases found to be perfect. There is no possible
doubt but that the rock is of igneous origin, but the forma-
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tion of these extremely impure pseudoleucites is an interest-
ing and puzzling question. The facts indicate that like other
pseudoleucites they began to form under conditions favora-
ble to the formation of leucite and, as is frequently the case
with true leucite crystals, they included all sorts of foreign
particles such as magnetite, agirite, etc. The conditions
then changed and instead of becoming true leucites their sub-
stance was recrystallized and the leucite molecule was
broken up into eleolite and orthoclase. (See page 271.) .

The groundmass of this black variety of leucite tingudite
is 80 indefinite in its crystallization that few of the minerals
of which it is composed can be determined with any accuracy.
The following have, however, been identified with some de-
gree of certainty.

Eleolite is probably present for when a section is etched
with hydrochloric acid small salt cubes are formed. Ortho-
clase or sanidine appears in distinctly bounded lath-shaped
sections which often show a Carlsbad twin structure. Zgi-
rite and diopside are both visible and biotite appears in
brown plates which are possibly-of secondary origin. Itis
evident from the above description that the rock belongs in
the group of leucite tingudites, but it is upon the whole un-
satisfactory and from a microscopic point of view uninterest-
ing.

b. Dike Type.

The dike type of leucite tinguaite occurs asa yellowish
green or greenish black, dense rock usually containing white
phenocrysts of pseudoleucite, eleolite and feldspar, but is
sometimes almost free from them. It is porphyritic and
often shows a fluidal structure even in a hand specimen.
It breaks easily and with a hornstone-like fracture.

Under the microscope the porphyritic and fluidal struc-
is still more conspicuous than in the hand specimen. The
groundmass is holocrystalline and consists of numberless
small green pyroxene crystals arranged with a fluidal struc-
ture through a base made up of numberless lath-shaped feld-
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spar and nepheline (?) crystals which seldom exceed 0.1
millimeter in length. In many parts of the section the feld-
spar crystals seem to have had a tendency to form large
phenocrysts, but to -have been prevented by the premature
cooling of the rock. Spots occur where the crystals
of the groundmass for & distance of half a millime-
ter or more have the same extinction and appear like one
incomplete crystal.

S8anidine of the first generation (phenocrysts) appears
as white, glassy, transparent crystals which are thin tabular
parallel to the symmetry-plane and often reach a size of 30 or
40 millimeters.

The faces that have been observed are coPdo (010),
ooP (110), P8 (130); 0P(001) and + P (111). The crystals
are often twinned according to the Carlsbad law.

Under the microscope they usually appear as transpar-
ent, fresh sections whose form indicates that they have been
cut from tabular crystals. Around the edges, although
usually sharply defined, they show the corrosive action of the
magma on the crystals and the small needles of pyroxene
are often found penetrating them and the groundmass at
the same time. A zonal structure is not uncommon. Insome
cases the crystals are weathered and resemble orthoclase
crystals in which kaolinization has taken place.

Cleavage is observed parallel to the usual planes and also
an indistinct separation parallel to the orthopinacoid (100) has
been noted in a few cases. On the whole the cleavage cracks
are not as common a8 might be expected. In some cases the
crystals have been broken and the separate parts have
moved past each other in such a way as to indicate that there
was & movement in the magma after the fracture took place.
In couvergent polarized light the crystals are usually found
to have a small optic axis angle although in some cases it has
been observed as large as 50°. The optic axes generally lie
in the clinodiagonal plane, butin a few cases they have been
observed in a planeat right angles to it.
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Inclusions of gas and liquids are seldom observed, but
when they occur they form bands traversing the crystal.

Sanidine of the second generation consists of small lath-
like crystals which seldom exceed 0.15mm in length and are hardly
one tenth of that amount in thickness. They are generally
sharply terminated on the sides, but the ends are often frayed out
and indistinct. Carlsbad twins are common, in fact more com-
mon than single crystals. Their extinction is usually wave-like
and is different for different parts of the section. The crystals
often gives the appearance of a plagioclase instead of sanidine.
These small crystals are penetrated in all directions by egi-
rite needles, but are comparatively free from inclusions of other
sorts and seldom show any indication of decomposition.

Pyrozene occurs among the phenocrysts and as a part of the
groundmass. In the first class it is unimportant in quantity for
it is only rarely that a crystal occurs. Ia a thin section whose
surtace was about 3 square centineters only eight crystals of the
earlier generation were discovered while in another of about the

" same size only six crystals were observed. _

The phenocrysts appear under the microscope as green,
somewhat pleochroitic, idiomorphically bounded crystals or por-
tions of crystals which show by their comparatively small (not
over 15°) angle of extinction that they belong to the egirite
group. Included in these and completely surrounded by them
crystals of a lighter, yellowish green color often occur in which
the pleochroism is very slight, but the angle of extinction is
large. In some cases the extinction angle of this interior por-
tion reaches 35° and it is probable that these crystals are diop-
side. The diopside occurs also without the surrounding band
of sgirite and it then generally forms somewhat thicker prisms.

The cleavage, inclusions, etc., of both these forms of
pyroxene are so similar to those already described for other
occurences of these minerals that they need not be repeated.

Aigirite of the second generation occurs in extremely small,
prismatic and acicular crystals scattered thickly through the
base and often showing a very distinct fluidal structure. It is
these minute green crystals that give to the rock its green color
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and in cases where they assume adark green color the rock
becomes black.* It is evident from their form and arrangement
these minute prisms were formed after the phenocrysts but before
the sanidine of the base for they are-usually perfectly idiomor-
phic and show that a decided flow of the magma took place
around the phenocrysts during and after the time that they were
forming. Small crystals show that the faces coP (110) and
0o P (100) are present and in many cases the angle co P (110):
ocP (110) is seen to be approximately 87°. When the crystals
are inclined to the plane of the section and are cut by it they
usually show sharpened points which might easily be mistaken
for crystal faces, but when they lie parallel to the plane of the
section they are seen to be frayed out and indistinct at the ends.
Thin sections of the rock show the green color of the small
crystals very distinctly and, if they are not too minute, allow of
the determination of a slight pleochroism with a chaunge of color
corresponding to that usually observed in ®girite. The extinc-
tion angle is small, seldom exceeding 5°.

Eleolite or mepheline occurs in two generations and often
forms large phenocrysts which are easily distinguishable by the
naked eye. The crystals range from 10 millimeters in diameter
down to microscopic dimensions and are characterized by their
greasy appearance, irregular fracture and white or pinkish color.
They are are idiomorphic and thick prismatic in form and show
the usual cleavage and microscopic structure of this mineral.
Decomposition seems to have been very busy in many cases and
it is not uncommon to find sections which have been almost
completely altered into indistinguishable secondary minerals.

The secondary nepheline, which in connection with sanidine
forms the groundmass, occurs in allotriomorphic erystals which
are perforated in all directions by the #girite crystals and bouan-
ded by the sanidine and other nepheline crystals.

They are very often altered to cancrinate which is easily
detected by its high polarization colors and effervescence with
acids as already described (page 235).

Pseudoleucite occurs also in two generations, but it is much

» 8ee Graefl, Eliolithsyeniten, etc., 1, 0., p. 256.
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more difficult to make a sharp distinction between them than in
the case of the sanidine and nepheline. Those crystals which
are evidently of the first generation are characterized microscopi-
cally by their large size and distinct icositetrahedral form.
These crystals when fractured show a pure white interior and
appears to be fine-grained and homogeneous, but when studied
under the microscope they are found to consist of minute feld-
spar crystals interspersed with small particles of eleolite. The
spheroidal structure is entirely wanting and in fact it seems as if
this were directly connected with the weathering which has
taken place in many crystals and not with the pseudomorphic
influences, whatever they may be, that have altered the constitu-
tion of the crystals.

The small pseudoleucites contain many of the small second-
ary smgirite crystals and are much less sharp in their forms.
It is, however, by no means certain that these really belong to a
second generation, but from the fact that they are interbedded
among the other minerals of the groundmass it seems probable
that this is the case.

Cleavage and microstructure, in the true sense of the words,
can hardly be considered for they belong really more to the in-
dividuals of which the crystal is now made up than to the pseudo~
leucite itself. The same is true of their decomposition products
and it is usually found that where these have formed they are
divided into those which are characteristic for eleolite (cancrin-
ite, etc.), and those which are usually associated with orthoclase
(kaolin, etc.). Cancrinite and calcite are often found and in
some cases form a very important part of the pseudomorphs.

Sodalite group.—In many cases the existence of some mem-
bers of this group or of the haiiyne group is suggested by the
appearance of six and eight sided, apparently regular, sections
in the green groundmass. Oa a close investigation these are
all found to consist of secondary decomposition products usually
resembling those which occur in the pseudoleucites, but in
some cases they appear to be of a different constitution. From
the chemical analyses made of this rock it is probable that
members of both the sodalite and haiiyne group exist in it to a
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limited extent for both chlorine and sulphuric acid are found in
appreciable quantities. .

Pyrite is common in these rocks and especially so in the
black varieties. That its quantity is not inconsiderable is shown
by the chemical analysis.

Magnetite and ilmenite ocour only in single, isolated crystals
which are far from plentifal.

Biotite appears to be entirely wanting or to be present only
as a secondary product and in very limited quantities. Where
it has been observed it is normal biotite and has an optic axis
angle of 2° to 8°. The plane of the optic axes is parallel to the
symmetry-plane.

Chemical analyses have been made of two specimens of this
rock which differ considerably in their microscopic appearance.
The first analysis (1) was made on a dense, close-grained, green,
hornstone-like rock in which no phenocrysts whatever are ob-
served.

Analysis (11) was made from material in which large white
phenocrysts of pseudoleucite and sanidine are visible. It was
conducted in the same way as the analysis of the pseudoleucite
crystal and the results of both the soluble and insoluble parts
were calculated to 100 as shown in the table.

It is evident from column 11. that minerals containing both
chlorine and sulphuric acid are present.

The soluble portion of the rock (column 1v or vir) would
naturally contain the easily soluble minerals, sodalite, haiiyne,
and nepheline; if therefore the chlorine be considered as belong-
ing entirely to sodalite and the sulphuric acid to haiiyne and the
amounts of the minerals corresponding respectively to these sub-
stances be calculated and their constituents (virr, 1x and x) de-
ducted from the corresponding constituents in the analysis of
the soluble portion of the rock (vir) the remainders should rep-
resent the amount of the constituents of the mineral nepheline
(eleolite) (x1). -If this result is then recalculated to 100 per
cent (x11) and compared with the theoretical composition of
eleolite (nepheline) (XI11I), it appears that the soluble portion of
the rock consists principally of these three minerals.
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Analyses of leucite tingudite (dike type).

(¢) For explanation of use of X see page 226.

I. Complete analysis of dense green leucite tinguiite by R. N.
Brackett.

II. Total analysis of leucite tinguaite by J. F. Williams.

III. Analysis of soluble purtion of leucite tingubite by J. F.
Williams.

IV. Analysis of soluble portion of above recalculated to 100 per
cent.

V. Analysis of insoluble portions (by difference) recalculated to

‘100 per cent. This shows at once a strong likeness to an analysis of

orthoclase, but the silica and potash are too low and the groups of the
other constituents too high. This indicates the presence of considerable
quantities of basic silicates. If these were deducted the analysis (v)would
approach, very closely, that of orthoclase.

VI. Analysis of wsgirite tingudite from Asbjirnsrod, Hedrum,
Norway, analyzed by G. Paijkull (Byenitpegmatitgdnge, p. 41).
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Table showing approzimate composition of soluble portion of leucite
tingudite (dike type.)

XIII

VII. VIII. IX. X. XL XII.
CONSTITUENTS. ' Theoret-
Complete| Sodalite | Haliyne | Sum of |Resulting| Same re- ical eleo-
analysis { deduction|deduction deduction| analysis {calculated lite
810 2. cenrrenrrrenininn 88.82 7.14 4.17 11.81 27.01 41.58 41.24
Alg0, ....... ersesessoeas 31.24 6.12 8.67 9.69 21,55 83.10 35.26

1.44(?).... 0.63 0.53 0.91 140 |ieeeninnin

3.82 cessesenns|  8.82 5.90 6.48

19.20 4.98 7.57 11.68 17.75 17.04

-5 £ TR FOORUORRU R (3.00) 0.18 (1251 N PO,
Claevmnennansninns e 1.41 141 e 141 0.00 |.eiiiniiennn ORI,
BOgeceeens 189 | ssoreces 1.89 0.00  [.eeeeene wer| venee eveenes

Per cent.

100.00 19.60 12,30 84.90 l 65.10 |100.00 100.00

VII. Analysis of soluble portion of leucite tingudite by J. F.
Williams. (See 1v above).

VIII. The figures represent the amounts of the other constitu-
ents of sodalite which correspond to 1.41 per cent. of chlorine *.

The number at the foot of the column represents the percentage
of the whole rock that the sodalite forms.

IX. The figures represent the amounts of the other constituents
of haliyne which correspond to 1,39 per cent. of sulphuric anhydride ®.
The number at the foot of the colunm represents the percentage of the
whole rock that the haiiyne forms,

*The theoretical analyses of sodalite and haiiyne are expressed by the following per
cents: (Rammelsberg, Mineralchemie, 1875, pp. 458 and 457).

Theoretical analyses of soladitc and hatiyne.

VII a. IX a.
CONSTITUENTS,
Theoretical Theoretical
sodalite. bailyne

810, 87.08 88.89
7.1 1 0 P o OO N 3N 29.00
CRO.cvvecernncsnnessnssenssnraasassssnsssinsen. | wesvenne 4.31
Nay0 25.55 21.50
Ol.. 781 | e
80, ee aarees 11.80
Total [P 101.65 100.00
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X. Sums of several constituents of the preceding columns (vIix
and I1Xx). '

XI. Remainder after subtracting the several constituents of the
preceding column (X) from the constituents in the original partial anal-
ysis (Vi or 1v). The number at the foot of the column represents the
percentage of the whole rock that the eleolite (nepheline) forms.

XII. Column XI recalculated to one hundred per cent.

XIII. Theoretical analysis of eleolite as ealculated from the fors-
mula (4Na, K), Al, 8i, O, which represents very closely the composition
of the eleolite from Magnet Cove. Analyzed by Smith and Brush
(See p. 210).

If the amounts of sodalite, haliyne and eleolite as esti-
mated above be expressed in percentages of the whole rock
and the insoluble parts be considered as made up of ortho-
clase and mgirite * in the ratio of about 3 to 1. The quan-
titative mineral composition of the leucite tingudite would
then be expressed, approximately, by the following table :—

Approzimate mineral composition of leucite tingudite.

Bodalite.....ccccnieciiiiernniceireceecseees 7.67
Halyne w...ccoevmeencrrreeraiiieicrsonenens 4.71
Eleolite c.ecccetenrencinnnireerenccneninnnee 25.08
;07 } o 1 7 SN . 15.66}
=62,
Orthoclase -.cceeeeeivunnneninenninnenne e 46,98
Total ....... crererenseesseterensaseenes 100.00

The rocks of the tingudite group have been but little-
studied and but few analysis of them have been made. It is,.
however, probable that some of the rocks described as phon-
olites will be found upon further investigation to fall under-
the tinguite group.

The only analysis of a tingudite which is available is
that of the Norwegian wmgirite tingudite (vI) described by
Brogger (Syenitpegmatitgiinge, p. 41). This is, however,
not strikingly like the leucite tingudite of Magnet Cove in-
its composition.

* The absence of soda in the insoluble part does net correspond with the assumption:
that the minate green pyroxene crystals are mgirite, but as all the constituents of the insoluble-
parts were determined by difference, & small error in the determination of thesoda in the com-
plete analyais or that of the soluble part would make s relatively great difference in the soda of’
the insoluble part.

19 Geologieal; Vol. ii., 1800,
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III. PETROGRAPHIC DESCRIPTION OF AUGITIC ROCKS.

A. Fourchite Group.

Many dikes of augitic rock occur here and there among
the hills about the edge of the Cove. These are usually ex-
posed in the beds of the streams and are very seldom capa-
ble of being traced for any considerable distance on either
side. They are mentioned in the general description of the
Cove and their mineralogic constitution and individual
peculiarities are in many cases described by J. F. Kemp in
Chapter XII. of thisreport.

In general these dikes may be grouped into two classes,
viz: those in which large, tabular biotite crystalsoccur form-
ing the so-called ouachitite and those in which this mineral
is almost or completely absent. The mineralogic composi-
tion and structure of these two varieties is identical in all
but this one respect. The second of these varieties is often
very fine-grained and it is quite impossible to determine with-
out the microscope whether it is a fourchite or a dense dike
form of eleolite porphyry. A large number of these augitic
dikes have already been found and examined, but it is proba-
ble that not a tenth, nor even a hundredth, part of those
that exist are exposed and visible. Itis, therefore, a matter
of little consequence whether the exact composition and
structure of each one of those found, has been determined
under the microscope, especially since there exist so many
more which have not been discovered. A microscopic ex-
amination has been made of many of the dikes which have
been discovered and the results of these investigations are
tabulated in Chapter XIII. of this report.

Where the fourchite and -ouachitite come in contact
with the other igneous rocks they, like those of Fourche
Mountain area, are older than the youngest syenite rocks
and are cut by them.

B. Monchiquite Group.

Amphibole monchiquite is known from only one locality
in the Maguoet Cove region and that is inside the cove itself. It
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cuts across the northern part of the inside of the basin in a nearly
east and west direction and extends for several hundred meters
(see page 185 and chapter XIII., dike 159).

It is a dark colored, heavy rock which, microscopically,
appears comparatively uniform in texture except, here and there,
where black, shining amphibole prisms (2 to 3mm in length)
and small (1 to 1.5bmm in diameter) greenish yellow olivine
crystals occur.

Under the microscope the most conspicuous objects are the
large phenocrysts of perfectly fresh olivine. These together
with large augite and amphibole crystals form the most impor-
tant minerals in this prophyritic rock and are distinctly separat-
ed from the fine-grained, holocrystalline base which shows a
somewhat fluidal structure.

Olivine is by far the most important and characteristic min-
eral of the rock. It appears in greenish yellow grains which
show a waxy lustre on their broken surfaces. Exterior crystal
forms cannot be seen macroscopically on account of their small
size. In thin sectious, under the microscope the olivine appears
as colorless, transparent, non-pleochroitic, idiomorphie crystals
which are irregularly distributed throughout the section, being
more numerous in certain bands and spots than in others.
The crystals may be said to be truly idiomorphic although they
are usually resorbed about the edges and show that the magma
in which they floated was sufficiently acid to have a strong
corroding action upon them.

Cleavage cracks are distinct although not frequent and those
parallel to the brachypinacoid (010) are much more distinct
than those parallel to the macropinacoid (100). Along these
cleavage cracks a slight decomposition has taken place, indicated
by a yellow coloration of the adjacent parts of the crystal.

The crystals are not uocommonly made up of two indi-
viduals and, so far as they have been observed, they seem to be
twinned with the brachydome (011) as the composition plane.

In parallel non-polarized light the crystals appear colorless
and transparent and have a rough surface showing that the index
of refraction is higher than that of Canada balsam. The inter-
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ference colors are high, reaching even to those of the third order.
The extinction is orientated in sections not too greatly inclined
to the symmetry-planes. In convergent polarized light one optic
axis is often seen, but in no case has a section showing two axes.
been observed. From this fact it is seen that the optic axis
angle is large and consequently no observations on the character:
of the dispersion of the axes or the bisectrices were possible.

The crystals are remarkably free from inclusions of all sorts.
and seldom show anything more than a few grains of magnetite
and pyrite disseminated through them. A few regularly bounded
gas .inclusions occasionally appear in the crystals, but in no.
case have liquid inclusions been observed. As has already been
stated these crystals show slight indications of weathering and
along the cleavage cracks a deposition of a yellow, hydrous oxide-
of iron often occurs. Alteration to serpentine has not been
noticed in any case.

Pyrozene is the most important mineral, in respect to quan-
tity, in this rock. It makes up at least half of the mass of the.
- rock and occurs in two generations. The older phenocrysts are
in every respect identical with those described by Kemp in
Chapter XII. of this report and like them belong to the class of
basaltic augites. They have the same purplish tinge and appear
as twins and single individuals in the same way that they do in
the fourchite and ouachitite. They differ, however, from these in.
that, since they are later in the period of their formation than
the olivine and amphibole phenocrysts, they are allotriomorphic
wherever they come in contact with these minerals. In the four-
chite, oo the other hand, they were the oldest of all the silicates
and were therefore always idiomorphic.

The augite of the second generation forms small crystals
having a similar appearance to the larger ones; they are idio=
morphic whenever they do not come in contact with the olivine,.
hornblende or augite phenocrysts. They, like the older genera-
tion, contain magnetite grains and gas inclusions, but very
rarely show any sign of decomposition.

Amphibole occurs in black, shining prisms which sometimes
attain a length of several millimeters. This mineral appears to
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be especially frequent in some parts of the rock and to be
entirely wanting in other parts of the same specimen. Under
the microscope it is seen to occur in both large and small, pris-
matic crystals of two generations.

The cleavage parallel to the prisms (110) is very perfect,
but the cleavage cracks are not near together. They make the
characteristic angle of 124° 30’ with each other and appear in
the vertical sections as distinct cracks parallel to the vertical
axis, Cleavage planes appear which are quite irregular, making
various angles with the first and lying in the same general
direction as the base (001).

The crystals are of a brown color when seen in parallel
noun-polarized light. They are strongly pleochroitic, the colors
varying from yellow to dark reddish brown. The pleochroism
is represented by the following formula:—

>b>a

The positions of the axes of greatest and least elasticity are
the same as those usually observed for basaltic hornblende to
which variety of amphibole these crystals belong. The acute
bisectrix makes an angle of 18° with the vertical axis ¢ and lies
in the acute angle 3. The character of the double refraction is
pusitive. The large phenocrysts are perfectly idiomorphic and
are older than any of the other constituents except the olivine.
The smaller crystals of the second generation are on the contrary
younger than the augite and often form around the latter or else
appear as small allotriomorphic crystals wedged in between two
or more of the augite phenocrysts ; they are, however, older than
the augites of the second generation. In some cases the pheno-
crysts of amphibole are surrounded by an indistinct flow struct-
are and it is evident from this and from the fact that they not
uncommonly show a slight beading and fracture with a separa-
tion of the broken parts that there was a movement in the magma
after they were formed. In parts of the rock where much oli-
vine exists the ampbibole phenocrysts appear to be very scarce
or to be absent entirely and vice versa. It may be that this ie
only accidental, but as it is quite uniformly the case it appears to
be characteristic of the two minerals.
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Both the phenocrysts and second generation crystals con-
tain numerous inclusions of gas and of some white, transparent
mineral which resembles apatite. Magnetite occurs in black
grains and crystals in considerable quantities.

Plagioclase occurs in small lath-like crystals which seldom
. exceed 0.2mm in length and are usually much smaller. Their
width is not more than one-tenth, rarely two-tenths, of their
length. They are occasionally idiomorphically terminated in the
prismatic zone, but the faces which bound them can hardly be
determined on account of their minuteness. It is evident, how-
ever that the brachypinacoid (010) prisms (110) and the base
(001) are present. In some cases the ends of the crystals are
sharply truncated, but they are more often frayed out and ir-
regular.

In parallel polarized light the crystals are seen to contain
a number of twin lamell® which rua directly through them par-
allel to the brachypinacoid (010) and which show large aungles
of extinction on both sides of the composition plane. In all
cases where these angles have been measured they have been
tound to lie between 30° and 35° and to indicate a plagioclase
very rich in lime and approaching an anorthite in its composi~
tion.

. The crystals appear often in an irregular fluidal structure
and indicate that the magma in which they were formed was
still mobile. The groundmass occupies the space about the
minerals already described. It is colorless and shows that it
has assumed a semi-crystalline structure, from the fact that
between crossed nicols it has an undulatory extinction which
often indicates a spheroidal structure. By means of a selenite:
plate this structure is more clearly seen. Noue of the original
glass seems to have been preserved, but it appears to have all
become crystalline. In certain cases there appear in this.
groundmass very minute prisms which have an orientated ex-
tinction and resemble nepheline. They show negative double
refraction, but are too minute to be tested microchemically. The
altered groundmass is readily acted upon by hydrochloric acid
and when tested with fuchsine solution shows a strong red color
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which indicates the separation of gelatinous silica. The silica
shows no salt cubes so that the probability of the presence of
nepheline is very slight. When the hydrochloric acid solution
~was tested with sulphuric acid gypsum crystals were formed
thus proving the presence of lime in the mineral. It is possible
that the mineral in question is melilite and that the reck ap-
proaches alndite in its compositien.

From the above it will be seen that the rock may be con-
sidered as either holocrystalline or as hypocrystalline with a
glass which has, through secondary influences, become spher-
ulitic in structure and oryptocrystalliue.

A chemical analysis of this rock was made by the Survey,
W. A. Noyes, analyst, and gave the following results:—

Analysis of amphibole monchiquite.

T 43.50
TiO . cceeeiarsiniiinnnesorieneesvennnnens 2.10
ALOy....ccoivinnnniiineinnninnnianinen 18.08
Fe,0.cueunuenreriresssssnnnesenesnesens 7.52
B - 0 TN 7.64
(1677 Y 0 VRPN 18.39
b £ 0 TR 3.47
K,O0uuceiiiirenneresssssnneneses covavanes 1.80
N8O .cociececcrcncniiinnrnennns sonee 2.00
< 1K TS 1.22

Total. ....... revesssaneessassenaes 100.20

Specific gravity (Williams)... 3.051 at 16° C.
The comparison of its chemical composition with that of
other rocks of the monchiquite group is shown on page 111.
The only question of importance which attaches itself to
this rock is whether the mineral melilite occurs in it and
whether it sbould be grouped with the alndites or monchiquites,
For the present it is placed with the monchiquite group.



CHAPTER VIIIL

«C)NTACT METAMORPHISM AND GENETIC RELATIONS OF THE
Rocks oF MaaNET CoOvVE.

I. Contact Rocks.
II. Contact Minerals.
A. Contact Minerals from Quartz and Sandstone.
B. Contact Minerals from the Calocite.
III. Relation of the Igneous Rocks of Magnet Cove to each other
and to Adjacent Sedimentary Rooks.

I. CONTACT ROCKS.

As has been stated in the preceding descriptions of
rocks from the Magnet Cove region, many varieties of rock
occur whose affinities and relationships are very uncertain.
These have for the most part been called hornstones and have
been counsidered as metamorphosed rocks. Their micro-
scopic physiography is very indefinite and in the majority of
cages allows very little to be determined in regard to their
origin or present composition. It is seldom that two of
these rocks present the same appearance, although a few
general characteristics may be detected in almost all of them.
In consequence of this latitude in their mineralogic compo-
sition and of the infiniteness of their microscopic physio-
graphy only a general description of them will be given.

Macroscopically they form dense black or dark bluish or
greenish gray rocks which break easily under the hammer
and show a conchoidal fracture on the bruken surfaces.
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They are often filled with cubes of pyrite which vary in size
from microscopic individuals up to crystals measuring 8 to
10mm on an edge. On their broken surfaces the rocks
often present & somewhat blotched appearance showing that
there was a tendency towards a re-arrangement of the mole-
cules forming the rock, but that in most cases the re-arrange-
ment only went tar enough to suggest suchb an alteration in
the structure.

Under the microscope sharply defined minerals can sel-
dom be discovered. The rock appears as a confused mass of
extremely fine feldspar needles intermixed with much iso-
tropic material and small quantities of choritic substance.

Large quantities of colorless minerals having a high
index of refraction and showing a surface in high relief al-
most always appear. These apparently globular substances
show very high interference colors, but their extinction is
not very sharp.

Biotite is scattered through the whole rock in the form
of small, reddish brown crystals of secondary origin. It ap-
peurs in small, irregular, strongly pleochroitic flakes, in
which the colors change from a reddish brown to a dark
chocolate-brown. or black. The absorption of light, when
the cleavage planes of the mineral are parallel to the plane of
the lower nicol, is always very great and in many cases al-
most total. '

Pyrite appears everywhere in the form of small cubes
and is often very much altered about the edges; and not in-
trequently this decomposition has penetrated deep into the
the crystal. The crystals then consist of a mass of reddish
brown or bright red material which has no action on polar-
ized light and, even between: crossed nicols, retains its red-
dish color showing that limonite and not hematite is present.

Grains of magnetite occur very frequently and are often
thickly disseminated among the other minerals of the rock.

Occasionally the outline of a crystal of pyroxene or of
amphibole is suggested by grains of magnetite or by flakes
of mica arranged along the lines which represent its edges.
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Calcite and other decomposition products in many cases
make up a large part of the rock.

It appears from the above description that little or
nothing can be made out about many of the rocks belonging
to this class and hence that any suggestions regarding their
relations to the geology of the region are uncertain and un-
satisfactory.

In the case of some of the shales which lie directly in
contact with the intruded syenite of the Diamond Jo quarry
(see page 197), the metamorphic action of the igneous rock
is much more evident. Specimens were taken from this

Fig. 21. Contact of eleolite syenite dike rock with the Paleozoic rock in Diamond Jo quarry.

A. Eleolite syenite (Diamond Jo type). B. Metamorphosed sedementary rock. (7.7cm)
C. Much altered rock (30 cm). D. 8lightly altered rock (1m),
E. Unaltered, but contorted shale.

contact at several points (Fig. 21) and studied. The
description of the difterent bandsis as follows: (A) repre-
sents the syenite in which the Diamond Jo quarry is situated
and (B) is the first contact zone. Itisin generalabout 7.7cm
(3 in.) wide, but at one point it extends down into the sye-
nite for twice that distance. It is a close-grained, dense,
hornstone-like rock, showing almost no indications of having
ever been stratified.

Under the microscope it also appears close-grained and
massive and is seen to be filled with an immense number of
small, green crystals which belong to the pyroxene group.
These have ahigh index of refraction which makes them ap-
pear as if their surfaces were raised above the level of the
section. Although of a decidedly green color these grains
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have little or ne pleochroism and in this respeot resemble
wgirite. Their angle of extinction, where it could be
observed, is small. Some sections which are approximately
at right angles to the vertical axis show an eight-sided figure
with two sets of cleavage cracks lyiug parallel to the two
sets of small faces. These systems of cleavage cracks are ap-
proximately at right angles to each other thus giving an ad-
ditional proof of the pyroxenic character of the mineral.
Although this substunce has been described in its crystalline
form in order to show its relation to the pyroxene group,
this is by no means the way in which it most commonly ap-
pears. As a rule the individuals classed under this head
consist of minute, rouund grains rarely exceeding 0.05mm in di-
ameter while the crystals just mentioned are seldom much
larger, but in a few cases have been observed to be as much
a8 0.08mm in size. These small grains and crystals are al-
ways filled with innumerable minute gas inclusions often
showing an exterior crystal form corresponding somewhat to
the form of pyroxene. The general habit and microscopic
physiography of this mineral show that it is the result of
secondary action on the sedimentary rock and is not, as
might be supposed, the first crystallization of a quickly cooled
syenitic magma.

A large number of small, white or very light yellow grains
are scattered among these green orystals, They possess, like the
latter, a high index of refraction and exhibit a rounded surface,
but are without any distinguishable crystal form. They have
high polarization colors, but the extinction is not very sharp,
being masked to some exteant by the internal reflections due to
the bigh refractive index. It is possible that these crystals are
related to titanite, but as no tests have been made to confirm this
supposition it can only be put forward as a suggestion based
upon the general appearance and characteristic of the minera)
and their likeness to those of titanite observed elsewhere.

Biotite exists in this rock as small irregular plates which
seldom exceed 1.0mm iun their greatest diameter. Like those
described in the other metamorphosed rocks of this region they
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are very strong in their absorption of light and in their pleo-
<chroism. They often occur filling the space and marking