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Cultivated mind is the guardian genius of de-
mocracy. . . . It is the only dictator that free-
men acknowledge and the only security that

freemen desire.
President Mirabeau B. Lamar.



EDITOR’S NOTE.
This Bulletin, prepared for the University of Texas Mineral Survey,
under the direction of Dr. William B. Phillips, was ready for publication

in the spring of 1905, but, owing to the discontinuance of the Survey,

vould not be published at that time. Its high practical and seientific value

leads to its izsue now as a Bulletin of the University of Texas. TUnfortu-
nately, both the drawings and cuts originally prepared to illustrate it

have been lost, and it has not been practicable to reproduce them.
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A SKETCH OF THE GEOLOGY OF THE
CHISOS COUNTRY.

In studying the geology of the Chisog country, one must con-
stantly bear in mind that the terranes which we now find exposed
at the surface have been laid bare from under a covering of over-
Iving rocks measuring from two to ten thousand feet in depth.
This great thickness of vanished strata has been removed during a
long lapse of time, which commenced with the closing stage of the
(refaccous age,  We should also remember that during the time
this work of disintegration and removal was going on, and even
before it began, the whole ground has heen subjected to forces
which have thrown the strata into folds and flexures and hroken
them by great faultz inio blocks that are extensively tilted.

As a circumsfance which has contributed to the effectiveness of
erosion in this region, we must regard the fact that it lies on the
horder of the great Cordilleran plateaun, where the drainage has
had more or less divect outlets to the region of the Plains on the
cast. The descent of the =treams has been relatively rapid and
transportation correspondingly casv,  For the Santiago and Car-
men ranges, which make the cast boundary of the Chizos country,
must he regarvded ax the southernmost extension of the Rocky
Mountains in ihe United States. To the west of these ranges we
find that the geological siructure is mare like that of the Great
Basin and 10 the easi. though the =uperficial aspeet iz somewhat
mountain-like. the strueture is that of the hordering high plains.

A, GENERAL TOPOGRAPIY. -

The Chizos mountainz constitute the highest relief in a belt
of somewhat interrupted and broken plains. which extend north-
westward to and bevond Marfa. Thix helt has suffered a areater
redtuciion from the erosive forces than the mountains around it,
owing to the weak resistance of the elays and arls. which mostly
constitute the hedrock within its limits. 11 may be regarded as a
narrow extension of the [Howard holson* described hy Prof. R. 'T.

*Physieal Geography of the Texax Region, Topographic Atlas of the
United States, United States Geologieal Survey. 1900, p. 9.
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Hill. To the east and to the west of thiz plain more indurated
rocks are now exposed and rise in ridges and fable-lands.  Toward
the Rio Grande the plains gradually descend to an elevation of only
about 2000 fect above the sea level.  From the middle of this de-
scending plain the C‘hisos mountains rise in a Jow. wide, and dis-
sected dome, with long spurs to the south.

1. DivrerexTianL Erosiox,

The materials subjected to the work of the destructive forces
during a long fime in the past in this region consict for the most
part ol soft sediments, such as clay. deep-zea ovze. and =and.  With
these are extensive bedx of limestone and frequent and variously
shaped masses of igneous rock injected into the zediments and in
places poured out over them. Almost all of the pronounced relief
we meet with here. such ag hills, ridges, mountains, and table-lands,
are due to the greater resistance of ihe harder materials. ‘These
have been laid bare by the removal of the more readily vielding
clays and marls. by which thev were originally covered or =ur-
rounded.  All the more enduring rocks now rise above the general
surface of the land. TIn places where the indurated rocks arve ah-
sent, the ground has been cui down to almost perfect plains.  The
reliel of these plains is confined to a verv gentle general slope
towards the drainage channels, low scarps cavsed Dby transient ad-
justments to new erosion planes, and long. narrow and shallow
gullies of the surface drainage.

2. Tur GrapeEp Praixs.

The controlling topographic feature of the country arvound the
Chisos mountaing consgists of the plains just referved to. Tt is
estimated that they make up from two-thirds to three-fourths of
the entive area of the countryv. Their general slope averages a
hundred feet to the mile. and varies from seventv-five feef, where
it 1= the most gentle, to iwo hundred feet, where it is most steep.
Only in few places. on 2ome low divides, it is nearly horizontal.

(1) Making of the Graded Plains.

The origin of the high plains in the southwest. the so-called
bolson plains, has heen ascribed to different causes by different
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writers.  R.T. Hill regards them as constructional detritus plainz
caused by filling of struetural valleys™®

Keves considers that the bolzons are a part of an wpraised penc-
plain, practically untouched by stream action.®* Tt does not ap-
pear that either of these explanations apply well 1o the plains of
the Chizos country. The drift filling ix evervwhere of small depth,
probably nowhere amounting to as mueh az two hundred feet.  Norv
is there any general level indicating a peneplain.  1f the graded
plaing here have once heen a part of such a plain, this has later
suffered extensive destruction hy rvecent crosion.  The present re-
lielf of the plains in thiz region must be regarded az expressing an
equilibriuim Fefween recent erosion and transporiation on the one
hand and the resistance of the materials subjected to these forees
on the other.  To ix the direet result of general erosion now in
progress. Thix = always accompanied by local accumulations of
land drifi. owing to local vaviations in the factors which determine
the effectivenest of the agents at work. and thus the plains ave here
the result of constructive work asz well as destractive.

Tt will be perceived that the grade of plains whose existence
depends on =uch nicely balanced conditions will he subjeet to some
changes.  Whenever weathering i= progressing too =lowly to fur-
nizh as much materials as the transporting agencies are able to re-
move, the grade of the plain will, of courze, not be maintained, but
the resistant rocks will begin to rize above it= flat surface.  This 1.
the origin of nearly all of the prominent reliefs rising from the
plaina, such as ridges, buttes, mesas and mountains. which will be
deseribed dirvecily.  The sloping plains are developed onlv where
the weathering cquals the work of the transportation. which latter
depends on several factors.  In the main these determining factors
are the vize of the transporting current. and the mechanical com-
posttion (the fineness or the coarsenes:) of the materials trans-
ported.

(2)y  Controlling Factors.

The current which here consistz of what is known as sheet flood.
does not vary a great deal. Tt is true that the rainfall is slightly
greater in the mountains and on their outer <lopes than farther

*Reference as above.

“*Keves, Bolson Plains and the Conditions of their Existence. Am.
veol., Vol 34, pp. 160-164, September, 1904.
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out, and this no doubi makes the sheet flood slightly greater ani
hence more efficient near the mountains, and thus tends to render
some of the talus slopes less steep than they otherwise would be.
But the difference iz probably =0 slight as to be quite negligible.
There 1s another cirenmsiance which sometimes renders transpor-
tation inefticient by reducing the sheet flool.  If the ground of
the plain consists of such coarze material as to allow the rainfall
to immediately go down into the ground, there will be no sheet
flood to perform any work at all. and transportation will he at a
standstill. except on comparatively steep <lopez where the work is
considerably ailded by gravitation. .\ hele of dissected hills, which
extend northwest from the Dugout draw. appears to have been left
in this way, rising above the graded plain.  They are Joeally known
as the “White L™ and congizt mostly of gravel and sand.

The variation in the mechanical composition of the eroded rock
underlyving the graded plains elsewhere 1= not very great.  In faet,
these rocks are uniformly so fine in texture as to make their prod-

uets of disintegration easily transported even by a =low current.
The slopes which are steep enough 1o produce such a current in
the cheet floods resulting from the present rainfall, iz about two
feet in a hundred. But there remaing on the surface very gen-
erally a residue of coarse material, in part derived from concre-
tions in the bed rock and in part coming down from indurated
rocks In the bordering mountains.  Thiz constitutes a land drift
in a limited senze. It courseness has a noticeable relation to the
glope.  Except in places where the wind is at work. the most level
parts of the graded plain consistz of fine xand and =it and no peb-
bles appear on the =urface.  On the moderate slopex and away
from the mountains the largest Iragments seen schlom measure
more than two inches in diameter. while on the higher slopes we
find large houlders.

The surtace of the graded plaing is more or less wenched by
arrovos that traverse them in the direction of their general slope.
We find these radiating mn all dirvections from the Chisos moun-
tains.  That the conditions under which these plains are formed
are quite different from those attendant on base leveling is evident
from these arrovos. They often run parallel and close together for
miles.  On the woutheast side of the Chisos. Glen draw runs side by
gide with another arrovo for twelve miles, and the two are mostly
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les< than a mile apart.  Such conditions can not exist except where
the attitude of the Jand surface is well adjusted to a sleady rate
of erosion. and where it i= vet =0 far above the baze level that very
little side cutting is heing done.  Under =uch conditions the dif-
ferent drainage lines make no inroads on each other. The depth
of the arroves vary from almost nothing to two and three hundred
feet.  We usually find them from one-fourth to one-half a mile
apart and this distance, too, i proportionate to the slope. but in-
verselv, being least wheve the slope i most steep, and greatest
where the slope is most flat. s we erosx over the flats between
them we notice that ihese have a very gentle zlope to either side
from a middle dividey It is evident that the flate are heing cut
down hy <heet flood erozion. however =low {he process may be. In
their Tower course these Jong arroves often have an alluvial valley
two or three hundred vards wide with a meandering channel. hut
in their upper course thev arve V-shaped.

(3)y  Maintenance of the Eroded Plain.

With crosion in general progres=. it may be asked why the graded
plaing are not wholly dissected by the arrovos. The present writer
believes thar the answer to the questions is to be found in the fact
that weathering in thiz region i= very vapid and transportation com-
paratively slow.  There is always ready and at hand. wherever the
Ledrock conziztz of soft eretaccous marls and clayz, a surplus of
load for the sheet flood. 11 now and then rhis zhounld ecarve a
trench on the =urface of the graded plain, this trench will promptly
he filledd with surplus drift. up to the general grade.  Thus there
can he no trenching done on the plain itself. Tor a similar rea-
gon the backing of the arrovos and their hranches ix exceedingly
low.  The long arroyos are overloaded with debriz from the moun-
tains aml fhis is frequently supplied in sueh quantity as to bring
about a re-filling of some of their vallevs.  ADbout midway hetween
Indianola peak and the old Reed camp the arrovos are now filling
to stich an extent as to make the heds appear more like alluvial fans
than like alluvial valleve.  Each arrovo maintains. as it were, a
arade of its own. depending upon the nature aml the quantity of
itz load, and ihis iz usnally =0 great as to leave hut little energy for
other work, especially in the upper part of it< courze. Tt iz only
farther down thai wide cutting takes place.  The automatic and
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uniform grading of the plains under a ready load for the <heet-
flood current results in the prevention of the water being gathered
into currents which might start re-entrant gullevs on its scarps.
Hence there is a lack of ramifications in the drainage valleys, and
hence it is also that reduction of old levelz often proceed by low
and long scarps which mark the boundaries of new and lower
grades. wherever these find an opporinmity to establish themselves.

To sum up. we may say: the plains around the C‘hisos mountains
probably mark the location of an old and higher plain.  They have
been cut out of this old plain by a =low procesz of erosion under
conditiong of an overloaded drainage and have long since reached
an equilibrium of grade and load to the worlang current. 'The gen-
eral direction of the grade i= toward the Rio Grande and this
stream must have been the prime agent in the destruction of the
old plain.

3. Tur Hicn Reviers

In a manner, all of the high reliefs in this region may he re-
garded as due to the greater resistance 1o erozion hy the more in-
durated rocks in the faulted and folded complex of formations
which have for a long time been =ubjected to erosion. With the
possible exception of the Chisox mountains themselves, no part of
the topography is inherited from the original configuration of the
tand, although this happens to be reproduced at the present time in
several places. Tor we find that a fold or a fault often brings up
the limesiones of the Lower Cretaceous age above the surface of
the graded plains, and thev rise bared or only partially destroved
i their frue struetural relations as ridges or mesas.  Thusx we have
the ridges of the Carmen and the Santiago ranges and the Maviseal
mountain ridge extending northwestward across the Rio Grande
toward the Chisox mountains from the =ouihcast. These ridges
mark lines of original uplifte. West of Terlingua creck the =ame
rocks form an extensive tilted mesa and these again rise into a
dome in the Christmaz mountains to the northwest. The Bogquillas
flags arc less vesiziant hut their disintegration never keeps pace
with that of the shale: and marl: and thug we find them forming
sloping benches bordering the ridges formed by the other lime-
gtones on which they rest.  The zandstones in the Terlingna bedz
often form long, low, and narrow ridges, where their iilted edge«
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are exposed, hut on account of their limited thickness thev cause
no high relief<. The igneous rocks, which are usually most re-
sistant, form most of the high reliefs.  Dikes and «urface flows, as
well as intrusives, have weathered out from their matrix of sedi-
ments and form reliefs of most varied forms.  Ridges protected on
one =ide by an intrusive sheet and presenting an escarpment of
erosion on the other are very common.  Domes formed by uplifted
sills and loceolites are next in frequency.  We also rometimes find
walls and ridges of dikes and some mesas protected by cappings of
surface flows. Many of the igneous intrusive bodies are so slightly
affected by weathering rhat they exhibit, almost unchanged, their
original molded form.

The nain west hody of the (‘hisos monntainz. the so-called “rim
rock,” consists Jargely of an infrusive hody which has once been
covered by sediments, and which, so far as the present topography
is concerned, must have had the same history as the other intru-
~sives: it has been laid bare by the removal of saperincumbent sedi-
ments and voleanie flows. Some of the latter arve still left in
patches on the highest sunmmits, such as Ruimmel peak, Tost Mine
peak. Crow monntain and a platean south of the Emory peak. The
fact thai these remain as a cluster around the greatest laccolite in
the region suggest that the voleanic covering was originally heavier
at this point than farther awaxy.

B. HISTORY OF THE DRAINAGE.

The Rio Grande 1= the master stream, and it has maintained its
course across a number of faults and folds.  With regard to the
geological =tructure, its course Is clearly antecedent and was deter-
mined before the present structures were all developed.  1is main
trilnitaries from the north in this region are Terlingua creek, Tor-
nillo creek and Miravillas ereek.  The first one drains a large ter-
ritory to the west and northwest of the Chizos, and it is clearly
subsequent in its characier. 1t has adjusted itself to the larger
geological struciures encountered.  Thus its lower course iz evi-
dently determined by the great Terlingua fauli. Tornillo ereek
drains the north and east slope of the Chisos and this stream has
likewixe heen influenced by the geological structure, for it follows
in the nain the line of the outerop of the softer strata. At its mouth
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it has earved a short cafion through an uplifted limestone and. so
far, it here retains an antecedent character. The Miravillas is
likewise in part antecedent and in part subsequent. The main
stream follows the cast side of the Santingo and the Carmen
ranges and has no doubt heen held in place by the great fold of the
anges.  But two of ite west fributaries cross over from the west
side of the fold. These are antecedent.  Persimmon gap on the
Santiago range marks the former croszing of another tributary
from the same divection, whose upper portion has later heen cap-
tured hy Dog creek. Tt may be that the upper part of the Tornillo
creck once drained in the same direction, but this can only be a
conjecture.

In general the drainage of the Chiros country is in a stage of
adjustment fo geological structure.  Nearly all of the smaller
streams are through this stage, the larger creeks are still in it, and
the Rio Grande has hardly vet enfered upon it,

. NSTRATIGRAPHY.

In order to understand the geological structure of this country
it 13 essential that we should first know the nature and the thick-
ness of the sirata from which the entive land has been built. Tt is
well known that the hedded rocks, such az limestone, clavs, marls,
and sandstones have been laid down as sediments on the hottoms of
scax and Takes, and lay originally in a horizontal position. The
first task of a geologist working in any vegion 1= to make out the
general =eetion, or succession from below upward, of the several
formations and strata which he finds exposed on the surface. He
raust measure their thickness and =ec if thiz 1= the same evervwhere,
ov if it differs at different point=.  He must make out if all of the
strata are present as originally laid down. or if any of them have
heen removed previous to the Wleposition of later beds. When this
is done, he will he able to nnderstand the struetural features of the
land. He will see where it has been elevated ov where it has heen
sunken, where the strafa have been folded or where they have heen
hroken. and which strata have been cut awav hy erosion or whieh
He buried helow the surface.
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1. THe GENERAL SECTION.

The oldest sedimentary rock= in this region helong to the Palaco-
zoic era.  Above these oldest sediments we find the Lower Creta-
cecus limestones, which in turn are covered hy various sediments of
the Upper Cretaceous.  These are overlain, in a few places, by
flows of lava and by {uffz of a later age and by clavs and gravels of
the late Tertiary.  The most recent formation consists of the lTand
drift and the alluviuw of the present stream vallevs.  These overlie
all of the other rocls more or less persistently.

Within a radius of twenty-five miles from Emory peak in the
Chisos mountaing no older rocks than the Mesozoie appear at the
surface on the north =ide of the Rio Grawde, hut farther north
much older =ediments cover an area of at least 700 sguare miles.
As these throw impertant Light on the structure of the region, be-
ing the nearest exposures of rocks which must underlic the entire
Chizos country, a hrief account of them is included in the general
section, even though this account iz necessarily incomplete and the
outerops lie distant from the Chisos mouniain<. The divisions
of the entire zection, thus more or less fully deserived. iz as given
in the {able below.

Table Exchibiting the Formalions [deatificd (o e Chisos Country.

Group. System. Series. Formations,

1 . .
Pleistocene, Land drift iand alluvium,
Caenozoic. VT T T - 0 = -
Mioeene and Dug-out clays und gravels.
Tertiary. ' Pleiocene. Hgneous rocks and bedded

tuff and gravels,

Chisos beds?
Tornillo beds.
Upper Cretaceous. Rattlesnake beds,
. Terlingua beds, -
Boquiilas flags.

Mesozoic. Cretaceous. | . _ . _
'&u;la limestone iund Del Rio

Lower Cretaceous.  ¢1aY. . )
:I.ndetormmrd limestones,
. shitles and conglomorates.

Curboniferous | Upper Cibolo limes >

arvoniferous. | cuarboniferous. )olo limestone.

Palaeozoie. - S i ; :

. Middle iLimestones, with  cherts
Ordovician. Ordoviciun, " shales and conglomorates.
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(1)  The Palucozolic.

In the inmediate vicinity of the Chizos mountaing the Palacozote
sediments are, as already stated, buried under the Cretaceous rocks,
but the Ord and the Santiago ranges mark the western limit of an
uplifted area. where the Mesozoic rocks have heen removed. and
where the older sediments now are exposed. “The nearest onterop
i= i Persinnnon gap, where dark shales and aandsiones underlie
the lower Cretaccous limestones uneonformably. The area is ap-
parently simall and vonfined {n the cazt end of the gap.  No fossils
woere nofed here amd the age of these beds are unknown, except so

far as 1t can be made out from their position.
2y The Ovdovician.

About fourteen miles fo the north northwest of Persimmon gap,
and nearly due cazt of Santingo peak. similav shales and sands{ones
appear again, and {rom thix poini. as we travel norih. onr road is
on Palacozoic rocss all the wayv to Marathon, and from there to
Atrwda, Mavathon Bies in the center of o triangular avea, where
the rocks of the Palacozoic era are now uncovered.  Thiz arca =
hounded on the west by the Ord range. on the north by the CHass
monniains. and on the east and zouth by a less well Jdefined line,
extending from the northeast to the xouthwest. and pas<ing <ome
diztance cast of Havmond!,

There must Le several thousand feet of <edimenis exposed in this
area,  They have heen folded and faulted and dip. nsually ar high
anglesc eitier to the southeast or fo the northwest. My trip over
this couniry was Purried and no attenpt could e made to meazire
the thickness of these deposits. Tn the south part of the area thev
consizt laveely of dark shalex and Tinestores, These eontain heavy
ledges of eherty quartze which rize in long ridges running from the
northeast o the southwest. The chert iz usuallv interbedded with
ledges of dark Tmestone, which now and then eontain vound and
loaf-like coneretions of chert. The prevailing color of the chert is
white, but ir i= sometimes blacks green. bluish, or of a hrown or a
pinkigh color.  With some of the lmestones there are thin seans
of =andstones and conglomerates. The latier wsually consist of
well-worn pelbibles. mozily of limestone, but alzo of hard quartzite.
Im some zhales. which are azsociaied with ¢hert and limestones i
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a ridge on the =outh side of Fdward's creek, about ten miles novih-
cazf ol Nanflingo peak. fhere is one stralum which confains large
coneretionary aggregales of ervatals of havite.  Some of fhese ag-
areaales are a oot in dinmeler, and consi={ of columnar crvetals
vadiating from the centre of the comeretions. The mineral was
seen Lo Tollow a stratum about theee Teel in thickness, and the con-
erefions inone place appeared Lo he present i lavee quandity. The
fimestones themselves are frequently hitmninons, Some ledges
consisl ol =mall worn organic fragment=. Trone one ol these =onne
fos<il Frasments were taken which Dre, Charles Seliocher! hag iden-
P lied o the onier portions of the glabella of a Trinuclens.  \sso-
ciaded with {his there were alzo o Pleclamboniles | sevicens?|. a
Buafivesyuing amd possibly a Zygospire. N sastoropod ol the conns
Cyclora was Tound in another ledae, and in <till another limestone
a Nedovarin was noled, ML ol fhese Tossils were colleeted along
the wamon road near Ridge spring and af different points south
from (hix place for o distance of ten miles, The same kiml of
rocks eonfinue north from this <pring as Te as o Peiin Calorada,
fonr miles =ontle of Mardhon. North From Peiin Colorado we
find =hales, Timestones. and thin conglomerates, bl no eherl heds,
An Wgeis, o Pistulipora (7)

a Denlaliin, aml joints of evinoid
slers were ols=orpved in the vieing

Ainity of Marathon, where (he dip of
these rocks is quite wenerally o the noethwest. Evideatly hese
seddiments arve vonnger than the fornation which contain the clier
sauth ol Penn Colorudo,

The thickness of (he ancient sodiment= which are oo on (hese
plains avound Marathon, s no doubi several fhousamd Teet. aned
they very Tikely confain formations of moee than one age.  For
fweniy-five miles the voad Trom the Chisos runs over the edoes of
heds Ailted at hish aneles, The Tossils as=ociated with the ehee
show that =ome of {hese sfrata helone fo the Ovlovieian, and D
Schuchert infers that these are of the Trenfon veviod,  Tn his
Physical Geography ol the Texas vegion Prof BT I oxprosses
it as his apinion that the Hmestones, shales efe. ol these plaing
mav he ol Lower Helderhers aoe® and there i< no ooad reason o
donbi thar the Silueian rocks arve represonted g this extensive
complex of Tolded strata, Trocoeding to the novthwest Trom Mara-

Py ddeal Geosraphy of the Toxas Region, BT THIL 70 8 Geol, Sory,
Topoevanphieal Alas of the United States, Polio Noo Sop0 L
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thon we find that the dips, which are prevailingly to the north-
west, grow less steep. We are evidently going away from an axis
ol uplift and we are presumably coming to sediments which are
later than those encountered nearer to this axis.

(3) The Upper Carboniferous.

Near Altuda, whieh is a station on the Southern Pacific Ruail-
roitdd at the west corner of the Marathon Palacozoic area, we find
shales and limestones that clearly belong to the Upper Carbonifer-
vus series.  In the Altuda mountain these rocks form the greater
part of the mass and to the south of it the series outcrop for a
distance of two or three miles. Along a north and south line
across this mountain the dip is to the north and inereases in stecp-
ness as we approach a granite area lying two miles south of the
mountain,  The section of the Carboniferous as seen along this
line i= ahout as follows:

- Thickness in feet,
A eream-eolored limestone almost without bedding planes and
somewhat eryvstalline in texture. forming a high vertical

escarpment all around the mountain.  Obscure traces ol

organic fragments were frequently observed. but no identi-

Auableudbssily o was Car Baeiant S0 B aaINEEss Fona i
Thin bedded limestone containing shaly and =amly straw.

The limestone is mostly in layers from three to six inches

thick.  This member contains Fusulina in great abundance

at thmes, but mostly only very minute voung individuals.

Other foszils noted on the north =ide of the mountain were:

Clonetes,  Pugnar. Productus. Seiinule. Meekella. a

pygidinm of a trilobite. Fislwlipora. a spine of a fish, and

soantsnt crlnotd BIemss wan st SRR S B REG 200
A series of shales, sandstones and Timestones, with a con-
slomerate near middle. probably as mueh as. oo 2000

Fusuliva eylindrice ol a moderately large size oecurs in pro-
fusion in some limestone ledees in the upper half of the Jowest
division.  Near its middle there is a conglomerate twenty feet in
thickness, which contains pebbles as much as three inclies in di-
ameter,  The largest consist for the most part of a fine brown
quartzite, while those of smaller size ave ol white quartz and
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biack chert. ALl are well rounded. The conglomerate s
cemented by a dark gray calcareous stony material, which was seen
to contain some shells of brachiopods. some bryvozoa, and a coral.
Some hundred feet or more under this conglomerate there is a
dark limestone which occasionally contains numerons specimens of
an ammonoid. and associated with this were noted =ome sfems of
erinoids, some gasteropods, and an Areheocidaris.

This zection is the equivalent of the Cibolo limestone at Shafter
in Presidio county. [t probahly extends down info the Alta beds.
which underlie the Cibolo lTimestone,  The thin-bedded limestone
described in the section above appears in a ravine fo the north-
west of Altuda mountainz and the face of this outerop iz almost
in itzelf a proof of the identity of this limestone with the thin-
hedded limestone of the Cibolo formation near Shafter. Another
evidence of the identity of the two iz the presence at hoth places
of a peculiar head-like foszil <tem of unknown relationship.

Whether beds of the Lower Carboniferons and of the Devonian
ages will he found between Altuda mountain and Pefia Colorado.
or whether there iz an unconformity hetween the Upper Carbonif-
crous and the older formations i= not vet known.

(4)  Rocks af the Creluceous Age,

Some time after the wountain fold= of these older sediments
had heen leveled down by extensive erosion the region was again
submerged and a new succession of sediments were laid down in an
open gea. which is known to have had a continuons extension from
("anada to Mexico and which covered Western Texas Jduring nearly
rhe entire (‘retaceous age.  The sediments in thiz sea have a great
thickness. no less than 8000 feet in Western Texas.  They consist
of heavy limestones with =ome shale and conglomerate below :
flagay limestones. chalky rock, marls, and clays in their middle
portion ; and sandstones, clavs and tuffaceous heds above. We will
first deseribe the lower division.

The Lower Cretaceons Limestones.

In the Carmen and Santiago ranges, in the Christmas and the
Marizcal mountains. and in the Mesa de Anguila the Lower Cre-
taceous limestones arve extensively exposed. hut the whole sucees-
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sion of all the beds has not been seen.  1f is estimated that a
thickness of more than 2000 feet appears in the Carmen range.
At the mouth of the santa Helena eanon the Lower (retaceouns
Hiestones rize 1500 feet. But at neither of these places is the hase
ol the formation exposed,  This comes to view in Persimmon Gap
and elsewhere farther north in the Ol and the Santiago ranges
and on the borders of the Marathon Palacozoic area. where only
eomplete measurements fiave heen made,

Pevsimuon Giap,

At Persimmon gap the lowest 100 feer of the Lower Cretaceous
consist of shaly calearcous strata. which are not well exposed.
Above this Hes a sharpiy marked conglomerate. about twenty fect
in thickness, consisting of well-worn pehibles, mostly of chert. The
fedae may be seen for several miles to the north in the cast Tace of
the range.  Above it there are two or three hundred feet of lime-
stone. some ledges off which were seen to contain mnnerous im-
hedded tests of Orlituling {epana. Roem,

Aluda.

Another place where the hasal members ol the Lower Cretaceous
iy be seen ix in the high limestone scarp west of Alfuda, about
~soventy-five miles north of the Chisos mountains, At this place it
rests on the undistnehed upper snrface of the Cibolo limestone of
the Chinati section. It consizts of gray ledees of limestone only
slightly different from the underlyving formation.  The houndary
hetween the two is marked in some places hy occasional fillings of
vellow sandstone which appear at the bhasze of the formation in de-
pressions in the upper surface of the Cibolo limeslone. and else-
where it ean be recognized only by a few well-worn pebbles of
quavtz, which may usnally he found at the contact of the two
Ihnestones,  The conglomerate and the =hale seen farther south
ave abzent at this place.  The succeeding hundred feet ave like
the basal lavers, consisting of gray limestone in moderately heavy
fedaes,  These contain a large Pecten with complex folds, a large
Caprotina, some gastevopods, Moadiola pedernalis and a Caerdium.
Above this are some forty feet of stronger and heavier ledges,
which contain silicific:] zhells of a Radiolithes (like sauvagesii.
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DOrh) in abundance and also a Caprotina. a large Precten, prob-
ably 2. duplicoste Roem.. and various gasteropods.  Again. above
this there are some sixty feet of softer and thinner ledges of line-
stone.  These arve overlain by zeveral hundred feet of heavy-bedde:l
white Jimestone, the upper ledges of which are identical with the
Edwards limestone of the south central part of the State. Near
the hase ol this division some gasteropods and Gryphaca naicoud
i & Vaughn were noted. The uppermost two huwdred feet in
the Cretaccons section here appear west of Ramsay ereek and from
two to five miles south of Strobel.  Thev consist of more shaly
limestones, in which no fossilz were noted.  In all, thiz section
smeasures at Jeast 8300 feet. There is here an overlap on o height
of an oll land, where the Iowermost heds of the Cretaceous svs-
tem, in which conglomerate appears elsewhere, weres never laid
down.
Cienegu Mowntain,

The base of the Lower Cretaccous also appearvs flanking the
dome-like uplift of the Cicnaga womntains. The lowermost ledges
here consist of sandstone and ave overlaid by shales and shaly
limestones, measuring abour 150 feet.  \a impression of the stem
of a plant was zeen in the calearcous <hales on the west =ide of
the mountain.  Above these there i= a well developed conglomeritic
sandstone about twenty-five feet in thickness, This  contains
streaks of pebbles which measure two inches in Jiameter. Mozt of
the larger pebbles consist of white quartz. bhut there is alzo some
dark cherr. Above this conglomerate there are =ome 300 feet of
somiewhat impure limestones with =haly scms=. In the lower part
of these a Caprina, a Nevinea, a Radiolithes and a Coprdivim were
note:l.  On rthe north side of the meuntain thi= division is over-
lain by several hundred feet of massive pure limestone ledges, evi-
dently corresponding to the Edwards limestone.  The whole series,
so far as scen here. has been heated by intrusives and turned into
a fine-grained marble.

Mesa de dnguila,

The section in the great east escarpment of the Mesa de Anguila
measures about 1500 feet. Tt is seen to consi=t of abont 700 feet
of massive limestone helow. rizing in an almost vertical wall. then
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about 200 feet of an impure and more readily disintegrating rock
which contains some marly layers. and weathers into a slope. and
highest up 600 feet more of massive ledges of white limestone vise
in a nearly vertical wall to the top of the escarpment. Only the
lowermost 100 feet were examined by the writer at the mouth of
the canon.  Just above the water in the river iz a dark. almost
hlack, limestone of very compact texture. It is in straight ledges
and there are two or three lavers of shale interhedded. One of
the limestone ledees was almost filled with a small Giryphaca,
probably &, marconi THIL & Vaughn, A large Peclen and an
Exogyra ferana Roem.. like one oceurring in the Presidio beds
near Shafter. were alzo found at thiz horizon.

Christmas Mountain.

In the Chriztmas mountain there is a thickness of alout 1000
feet of these lTimestones. The same divisions are indicated here:
two heavy hedded and strong limestones with a somewhat less en-
during division hetween them. But the lowest Jdivizion iz net
wholly exposed. At the south end of the mountain the same
Radiolitlies ocenrs that was seen west of Altwda.  Farther to the
north aud an the west side T found a east of a large gasteropod, a
(lobichoneha planate Roemer, a Cerilhinwe procfori (ragin, and
alzo another Cerilhimn.

Mariseal Mountain.

To the south of the ("hizos the Lower Cretaceous has heen lifted
up and hared in the Marizeal mountain. which i= cut across by
the Rio Grande and extends cight miles north of the cafion of this
viver.  On the west slope of this ridge just to the north of the
west end of the eaion, the contact hetween the Boquillas flags and
these limestones is well exposed and is very elearly marked. There
is an ahrupt change from a heavy hedded strong limestone to the
flagay lavers of the upper formation.  Thisz is the dividing plane
hetween the upper and the lower C'retaceous.  The upper 100 feet of
the lower series were hastily examined. The highest ledge consists
of a rock of very compact texture exaetly like the Buda limestone
as it appears around Terlingua. Under a lens this rock is seen
to eonzist of a matrix of exceedingly s=mall and indiztinet frag-
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ments in which lie imbedded occasional fragments of shells of
gasteropods and also some shells of a Globigerina. About fifty
feet below the uppermost ledge the rock weathers more rapidly
and is less pure and compact. This apparently represents the
zone of the Del Rio elayv. Some fifty feet still farther down I
found a large Nerinea. having a spire two inches wide, and a cast
of a Lunatia (7). Not far from the same place Kingena wacoensis
Roemer. and Ostrea carinate Tam, were noted, and with these
was seen imbedded in one of the ledges some peenliar meandering
dark plates, that on closer examination proved to be a sponge. On
the east side of thizs ridge and from two to three miles south of
Lindsev’s mine, the uppermost compact limestone is about seventy
feet thick and weathers out quite distinetly by the removal of more
readily erumbling rock helow it. This latter contains layers full
of fragments of shellz and occasional specimens of Nodosaria tex-
ana Conrad and of a Gryphaea like (. mucronata Gabb. Tt will
he remembered that these two fossils occur in the Del Rio zone.
In the solid ledges helow this zone Requienia patigiafa White is
Jound associated with the same gasteropods that were seen on the
opposite side of the mountain. and some distance ztill further down
Fwogyra texana Roem. was noted. Tn the cafion of the San Vin-
cenfe mountains the same formations are exposed. but only to a

small extent.
The Carmen Range.

The Carmen range consistzs of ridges of limestone of the Lower
Cretaccons.  Tn high escarpment on the east side it appears that
they show a thickness of somewhat more than 2000 feet. The Rio
Grande cuts across these ridges by the Boquillas cafion, and thig
cafion would show the best exposures for a continuouns section.
But in this survey it was not practical to take that route, and
only a very general idea of the section can be given. Tt resemhies
the section in the Mesa de Anguila, but it is heavier. The ledges
corresponding to the Buda and the Del Rio zones weather out on
the west slope and are only some zixty or seventy fect in all. Be-
low this is a heavy bedded limestone some six hundred feet thick,
in the upper part of which I saw Osirea munsoni Hill. Other-
wise recognizable fossils in this division are rare. Under this
there iz a considerable thickness of ledees which weather somewhat
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wore readily and which contains Erogyra {econa Roem.. £, math-
croniana Conrad, a Gryphea, Pecten tecanus Roem. (2) and Radi-
olithes ef. Sanvagesit D'Orh. These fossils were seen along the
trail throngh the Ernst valley, eight or ten miles norvth of the 1)
Grande.  In the right bank of Heath creck. where it cuts th-ough
the last of the Carmen ridges, we find the same strata t' at were
notexl at the mouth of the Grand canon: dark limestone with some
shaly strata and containing Gryplen marconi Hill & Vauvghn, Al
a somewhat higher level in the cast face of the escarpment and
about three miles to the sonth, a Nautilus (near [ewarus Schum.)
was noted. At the lower mouth of the Boquillas cafion the lowest
rock seen conzizts of a very compact and cloze-grained limestone,
in which tests of Toraminilera are very nwuerous and in which a
Gryphea and a small Pecten were notedl.  Thig rock i very much
fissured and shows numerous veing of a coluunar caleite, varving
i width from two inches to two feet.  Ahove this there is at least
1500 feet of the heavy bedded limestone which forms all of the
ridges in this rapge. and at this place the vaviations of the ledges
seen at different levels clsewhere are not very apparent.

At the upper mouth of the Boguillas canon just helow the old
Mexican village of the =ame name. *there are a thousandl feet of
massive vellowish-gray limestone with some dark and less heavy
ledges helow. A very compact and - close-textured gray ledge
shows, when exmmined in a thin section. that it iz eszentially i
induratest ooze, in which minute particles of organie ealeareous
materials make up the greater part. Few of these particles are
large enongh to indicare the nature of the organizms from which
thev are derived, but there are =ome tests of foraminifera.  Such
tests are rather common in the entire series except in some ledges
which have undergone secondary changes and have become gran-
ular and somewhat ervetalline in texture. At this same place
they were noted in great numbers in a ledee Iving abour 400 feet
higher up in the section.

Characleristic Iorizons.
It was not aftempted to make outr the succession of =eparate

divisions in the Commanche Series. for this would have requirel
much more time than was at our disposal. hut it may neverthe-
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less be worth the while to =wm up the observations made hearing
on this subject.

1. The base ol the series consistz of sandy or clayvey beds con-
faining calearcous material also. weathering rather casily. At
Ciencga mountain these strata have a thickness of about 150 feet.

2. At about 150 feet above the base there is a conglomerate or a
pebbly sandstone measuring some twenty feet. These two mem-
bers, and very likely a pare of the succeeding heds above. ave ab-
sent at Altwda, where they probably never were laid down. owing
to an overlap.

4. At an unknown distance above this conglomerate there are
some dark ledges of very compact limestone interhedded with some
shaly scams, and these are followed upward by several hundred
feet of heavy hedded limestones of lighter color. These lowest
three divisions are equivalents of the Presidio heds in the Shafter
seeflon.

4. Then follow twa or three hundred feet of more thin-heddel
and Jess pure limestonez, which weather more easily and contain
a fauma resemblivg that found in the Shafter beds.

A, Above this there are several huwdred feet of very massive
light limestone. which is clearly the equivalent of the Edwards
limestone,

6. The last and highest of the series i< a compact lnesfone only
somme half a hundred feet thick. which iz the equivalent of the
Buda. It iz 2eparated from the massive heds bhelow hy some twenty
feet of more easily weathering ledges which are frequently filled
with organic fragments and which corresponds to the Del Rio elay.

At Terlingua hoth the Buda and the Del Rio zones are much
heavier than to the east of the Chizos. These formations clearly
thin out or entirely dizsappear in this divection.

Clhemieal Composilion.

The limestones of the Lower Cretaccous ave usmally quite pure
and this 13 true not only of the most massive ledges. hut alsa of
these of less development. as iz evident from the analysiz given
below. i
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Analysis of Limestone from the Buda Horizon. One Mile Eust of

Boquillas.
Siliea . o e e 2.35
Y T T o .21
BEFHE ORTUE v s G S 24
e o g ewsmm g Sy oy as N S S e 53.90
Magnesia o vouviine ity A3
Carbonic acid . oo, 42.23
Watelr [HygroSeofie] us i cowsmssamammas s 18
Witer [eomibined] «ewwesei wig sy e e ina Cans .33
T & R T e s e et At e trace

Charaeteristic Weathering.

The surface of the limestones of the Lower Cretaceous is some-
times etched in o manner that seems fo he peculiar to the climatic
conditions of the Southwest. On top of the highest ridees of this
rock. aml elsewhere when these limestones lie hare, we often finl
amall hollows or hasins. not altogether unlike so called pot-holes.
But they have clearly not heen produced by any process of wear-
ing. Thev have heen made by a unique process of etehing, which
takes place after showers and rains. At =uch times water is re-
tained in them for a short period and some of the lower algae
flourish in this water. while it Tasts.  These produce an abundance
of carbon dioxide which dissolves the rock. Between rains this
vegelation dries up. and can often be found as a dessieated crnst
of black muld on the bottom of the hasing. ready to fake up the
work after the next shower. The Spanizsh name “tinahita” seems
an appropriate one for such bhasins. Tt ig the diminutive of
Tinaha. the name of the common waterholes produced by cor-
rosion in crecks and eafions.

The Tinahitas alwavs have a flat or only slightly concave hottom
with vertiecnl or even overhanging sides. sometimes beautifully
ctehed.  They vary from three inches to six feet in diameter and
from half an inch to two feet in depth. The common dimensions
are a font in width and three or four inches in depth.
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The Upper Crelaceous Series.

At the top of the upper ledges of the Lower (retaceous lime-
stones there i= quite a marked change in the character of the sedi-
ments of the age. The making of the heavy-bedded limestones
seem 1o have come to a sudden end, and beds of this kind were not
laid down again during this age in West Texas. There is vet
zome more limestone above. but this lies in thin Hagey beds and it
containg a noticeable admixture ol fine siliccous sand and clay.
Later on the conditions changed so that chalk, marl, and clay were
laid down and still later. sand and more elay, and at last, sedi-
ments containing a Jarge amount of tuffaccons material.  The de-
positz of each of these several and successive periods must now be

described.
The Boquillas Flags.

In the vieinity of Boquillas postoffice, all along the west flank
of the Carmen range, the beds immediately overlying the Lower
Cretaceous limestones are probably exposed to the hest advantage
for study. These beds also lie all around hoil the Mariseal moun-
rain. and on the south. east. and north sides of Christmas moun-
tain.  West of Terlingua creck thev extend from Cuesta Blanea to
the Reed platean, and south of Terlingua, still farther west be-
vond the limits of the Chisos region,  [From two meazuremenis
made about three miles cast of Terlingua and one meazurement
taken on the west side of Marigeal monntain, the thickness of these
heds. which we will eall the Boquillas flags, iz 585 feet or a little
lesz than 600 feet. They seem to have a quite uniform develop-
ment and these three measurements did not vary by wore than 30
[oer. which perhaps iz within the limit of probahle error,

Chemical Composilion.

The mixed character of the sediments forming the Boquillas
flag= ix believed to be fairly constant. and the analyses given below
are from typical specimens of rock. except that the ledge from
which the first one was taken contained a more than normally
high per cent ol organic matter. In the specimen from near the
Colquitt-Tigne mine some of the silica has probably heen intro-
duendl <econdarily by infiltration.
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Analyses of Limestone from the Boguillas Flags.*

Cuesta Blanen. Near Colguitt-Tizne Mine,

SR » smmmemen s o 7.80 per cent. 20,72 per cent.
ANING: & woseegimes o 1.30 per cent.  0.16 per cent.
Fermie oxide & swavnass 1.30 per cent. A3 per cent.
THIHEE . sceimmion s pasmsmene 40.20 per ceni.  $3.15 per cent.
Magnesia . covvvvonnan 0.15 per cent. 0.52 per cent.
Carbonie acid ........ 38.50 per cent. 34.20 per cent.
Organie matter . ...... L0 pevaeents wiss gos divens

Water (hygroscopic) .. 0.20 per cent.  0.10 per cenl.
Water (combined) . ... 0.50 per cenf.  0.32 per cent.

100,05 per cent. 9962 per cent.
Clastic Terlure,

The Boquillaz flags congist of a copious matrix of very fine
caleareons particles, sometimes o fine as to wake the rock appear
to he withent structure. Imt eontaining some organic frazments up
to one-half millimeter in diameter.  With thiz =ome fine eraing of
quartz ave nsually imbedded. seldom exceeding one-fourth of a
millimeter in diameter. and there are always present some shells of
foraminifera.  The admixture of =and varvies considerably in quan-
tity. and there are some thin lavers which may eonsist of as mnch
as one-fonrth =and.  The shells of the foraminifera ave smmetimes
erushed fint and at other times entire and filled with crvstalline
caleite.  Small fragments of the shells of Tnoceramus arve quite
conmmon, and may he recognized hy their vertical prismatie strue-

ture. §
Ficld Lppearvances,

In their field appearance the thin-hedded and flagey habit is
the most constant characteristic of these beds.  The ledges of
which the formation is built up average from four to cight inches
in thickness. These ledges. or lavers. are sepavated hv delicate
seams which max not appear in freshly exposed faces.  Occazion-
allv in the lower part of the formation there are ledges which
measure a foot through. As we follow fthem upward the laver:

*(0. H. Palm. Analvst.
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become gradually more thin. At certain horizonz they have a
chalky texture. This is especially frue about the uppermost hun-
dred feet.  Another habit which is quite characteristic is the man-
ner in which the flags have been affecled by joints.  They always
hreak into blocks with straight faces and zharp angles, and the
three diameters of these blocks are of a somewhat constanfly un-
equal length. The blocks are always considerably  longer than
wide and theye have a greater width than thickness.  These nro-
portions of the three dimensions are the same whether the blocks
are lavoe or small. One mayv find hlocks which arve foar feet long
and no more than eight inehes wide and four or five inches thick.
The color of the leds 1= quite variable.  \ ercam-grayvish white is
the characteristic <hade.  Tn the Boquillas yegion they nzually have
a faint ferruginous ved stain, often quite marked.  On Cuesta
Blanea, west of Terlinaua ereck. theyv ave dark and almost black
on fresh fractures in some ledees. The =aue color was noted
north of Christmas momntaing in the Corizones and on the north
gide of the Roxillos monntains,

Resistapee ty Erosion,

The Boguillas flags are less yesistant fo woeathering and erosion
than the heavy lmestone which underlic then. Thig is no doubt
chieflv due to their thinner bedding and maore close jointing, hoth
of which propertiex cause them to hreak into =maller hlocks that
vield more readily o the agencies of dizinfesration.  Avound the
flanks of the uplified domes and ridges of the underlving Time-
stones the tilted edae of this formation usually rises only a part
of the way up. leaving the npper surface of the older rock hare.
To underground waters it iz, however. more vesistant than the
purer vock on which it rests.  On account of the elay constituent
which it eontains. it is more impervions to water and hence it very
rarely contains convernous fissures. and for the same reason. aiso.
the contact hetween these two formations near Boquillas marks a
line of hot springs. where waters coming from helow are carried
out to the nearest point of emevoence of the hase of the overlving
lesz ensily pencrrated formation.
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Minor Characteristics.

One or two other characteristic features should perhaps not be
passed by. On the upper surface of some of the ledges clusters of
cubic crystals of limonite are to be seen. These are pseudomorphs
after pyrites, which sometimes have formed in the dark ledges, A
two-inch seam of amorphous limonitic material was noted in the
upper part of the beds south of Cuesta Blanca.

At several places there were found on some of the layers in
these beds a peculiar kind of markings, which consist of straight
grooves when on the upper surface of a layer, or straight raised
lines when on the lower surface. They measure from one-half to
two or three inches in length and are uwsually connected by similar
but diverging structures at one or more points,  Sometimes they
are crowded together into a network. These structures have a
marked resemblance to some markings observed on a ledge of sand-
stone in the Middle Cretaceous on the south side of the Black
Hills in South Dakota and described as fossil frost cracks.®*  What-
ever their origin may be, thev are quite peculiar in appearance
and certainly different from the structure generally known as mud
cracks. Their occurrence at the same horizon in two as widely
separated localities as the Black Hills and the Chisos mountains
entitles them to our motice. The present writer hag also noted
their occurrence in the Boguillas Hags at Ochinaga. in Mexico. and
in Val Verde and Kinney counties in Texaz.

Fossils.

Thougl rich in individoals of a few species, the fauna of these
beds is meager in the number of species. No close search was
wade for fossils and this circumstance no doubt helps to make the
list of forms which were observed very small. It is as below:

1. (Hebigerina.—Several species werc noted in one of four
rock specimens which were examined, and one or two species were
scen in the other three. This shell ocenrs everywhere throughout
the whole formation.

2. Teatularin.—This is less abundant than Globigeeing hut is
uznally fonnd with it.

*See Scientifiec Ameriean, Vol. LXXIL p. 102, 1805,



The Geology of the Chisos Country. 33

3. Small ammonoid,. undetermined.

1. Inoceramus confertim-annulelus Roem.—This iz the most
common foszil in the formation and occurs throughout its extent,
apparently inereasing somewhat in size from helow upward.

S, Inoceramus erogyroides Meek,  Rare.

. JTnoceranus wmbonatus Meck.,  Infrequent,

T, Criveeras ef. latus Gabh.—This fossil is quite common on
the npper sorface of one or two somewhat indurated ledges a little
ahove the middle of the formation.

8.\ eveloid fish scale, two inches in diameter. was noted on the
upper surface of a rather thick ledge of limestone in the bottom
of an arrovo near the Colquitt-Tigne mine.

Carrelation.

The Boquillas flags are the western equivalent of the Eagle
Ford shales in the east part of the State. Though they are more
calcarcong in thiz region than farther east, the resemblance of the
two is quite evident. Both are made up of thin and straight lavers,
separated by thin elavev seams. Both contain sand and bitumin-
ous niaterial.  And both follow directly on top of the Buda lime-
stone.  There is, however, a difference in the fauna. In the east
part of the State sharks’ teeth and large ammonoids characterize
the Yagle Ford horizon, hut these seem to he absent here. The
physical conditions were evidently not quite the same. In Fast
Texas the formation has a much smaller development. The shore
of the middle cretaceous sea must have been nearver there and
deposition Jasted for a shorter period. Indeed, there is some evi-
denee of work of submarine currents strong enough to have pre-
vented sedimentation for some time after the Buda stage. Yo
such conditions were noted in the Chizos country and thus, probh-
ably. this formation here reached a greater development and came
to have a zomewhat different aspect, faunally as well as physically.

The Terlingua Beds.

There was no very abrupt change attending the physieal con-
ditions which brought the Boquillas epoch to a close. The upper
hundred and fifty feet in the Boquillas beds contain a very consider-
able amount of chalky ledges. only slightly mere indurated than
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the depositz of the following epoeh. which first consist of a vellow-
ishowhite, indurated, stratified chalk.  This gradually changes up-
ward to an impure gray marl, which hecomes less and less calea-
reous, until it ig a true elay. In the uppermost strata of these
elavs there ave some thin lavers of conceretionary limestone and
calearcons =sandstones.  We =hall designate this entire sucecssion
of somewhat heterogeneous deposits “the Terlingua heds™ as they
are well exposed along the creek which bears this name.  From a
structural as well as Trom a topographic point of view the differ-
ent menmbers of which it i= made up ave practically a wnit.  In
all they comprise a thicknes: of about 1250 feet.

Distribulion,

As the Terlingua heds rvest on the Boquillas flags, we alwavs
find them omside of the larter in going from centers of local up-
Jift=. The nearest lowlands around the mountainz and hills of the
Lower Cretaceous Hmestones are mostly overlaud by readily vield-
ing clays of this formation.  Thiz habit iz probably hest illnstrated
in the case of Mariseal mountain, sontheast of the (hisos. where
these heds muderlie a helt from one-half to two miles wide. on all
sides of the vidge, A similar belt follows around the north end
of San Vineente mountain and then turns avound and follows the
west 2ide of the Boquillas range novthward.  There ix likewize an
irregular helt coming around the Chriztmas mountain on the east,
Along the Terlingua ercek they underlie a wide and irregular area
which is pervipheral to a gencral uplift to the west. A few minor
areas are isolated and do not occur with enterops of the lower heds,
One of these lies north of Burre mesa. another just to the east of
Paint Gap hill. and =till another north of Laguna inside of the
“rim-rock™ in the Chizos mountains,

Cottonwond Creel Section.

Along Cottonwood creck there iz a mearly entive section of
thiz division. Thiz ereck i# a ranch of Rough Run. and comes
in from the east around the north end of Burro mesa, joining
Rough Run opposite Dogis mountain. .\t a place known as Chisos
Pen this ereck has eut across the long ridge that extends in a curve
north from the north point of Burro mesa. The Terlingua beds
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appear in a continuous section along this ereek. extending from
the west side of this vidge to about a mile bevond. They ave
tiltedd to the cast, which brings the Jower part of the section to the
=urface about a mile out from the ridge. At this point there is
a fault, and the scetion comes to an end just a little above the
Boquillas flags.

The lower one hundred feet consist ol thin chalky ledges in
every wayv resembling the Austin chalk. Some fat eoneretions of
impure limonite lie in the puoly lavers and perfectly resemble the
concretions in the Niobrara chalk in West Kansas.  Fragments of
Haplaseaplio grandis Conrad with attached valves ol Oslrea con-
gesta (Cony) Halle are frequent.  fwocervyns wndulalo-plivalus
Roen., another Trocerannis of lavge #ize, measuring nearly two
feet across. and an Lnomonites were noted. These heds dip east
at angles of about 10°. They are followed by some four hundred
feet of =oft and gray marly sedimentz. in which the same fossils
appear. and which dip at a higher angle in <ome places. Going
further in the =une direction we find several hundred feet of clays,
in which therc are some lavers of laroe caleareous conervetions, some
thin sandy ledges near the top and aizo a sheet of intrusive rock
measuring fifteen feet in thickness.  This clay iz overlain by a
sandstane, ten feet in thicknes<. which will he cliszified as bhelong-
ing to the Rattlesnake heds the nest membier in the section. The
coneretions which are common about 100 feot helow this sandstone
ledge. conutain now and then anmmonoid <hells. among which Plo-
centiceras Whil fieldi Hyatt and Nowlilus debayi Meek were recog-
nized.  The elavs just below this laver of conceretions are exten-
sively cxposed for a mile on each =ide of the creek. where they
form a perfectly bare country.  They were zeen to contain a con-
siderable amount of gvpsum, mostly in the form of clear fragments
of sclenite ervstals.  TFozsils seemed to he wanting.

A measurement of dips and outerops makes the thickness of
thi= division here not less than 1280 feet,

Sonth of Cuesta Blanen.

On the south =ide of Cuesta Blanca to the =outhwest of Study
Butte is another place where the Terlingua heds lie in an entire
continuous exposure suitable for meazurements, They overlie the

s
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Joguillas flags which form the table-like hill, ealled Cuesta Blanea,
and thev dip to the =outh at angles varving from 25° to 50°, The
measurement here falls a little short of 1200 feet. The same
divisions may be noted at this place as in the scction just de-
scribed.  The lower calearcous strata are succecded by more pure
clays, and uppermost these contain strata bearing large concre-
tionary lentils of calearcous material, some eighty feet helow the
capping sandstone which beging the overlving formation.  Fup-
leseapla grandis Con., Ostrea congesta (Con.) Hall, and a large
Tveeramus oceur about 400 feet helow the top. and also farther
down in the section.

To the gouth from here there is an extensive helt where these
beds outerop, reaching almost to the Rio Grande. south of the
Rattlesnake mountains.  Erogyra costata and K. ponderose were
found on the bare flat gurface of a wniformly tilted outcrop of
the upper part of this formation cast of Dryden’s ranch. Each
lies in a seam of rock which iz slightly indurated, anl which could
he seen on the ground as a straight narrow ridge less than a foot
high, but extending for half a wile or perhaps farther. The two
ledges were perhaps 100 feet apart in the section and E. ponderosa
was in the lower one of the two. T estimate that these ledges lie
here about 200 feet helow the lowest ledges of sandstome of the
next division. :

Other Sections.

Following the Rio Grande downward we next encounter the for-
mation about a mile and a half west of Tallev’s ranch, where the
lower chalky strata appear in the east bank of the creek which
comes into the Rio Grande from the north. The exposure reaches
out northeastward for at least two miles and at a point one and
two-thirds miles to the east of the ranch the upper clays were
found to contain Frogyra costata,  All along the west side of
Mariscal mountain the formation underlies a belt varving from
one to two miles in width, following the baze of the ridge. About
five miles north of Talley’s ranch and near the T. 8. bench mark
having the elevation of 2217 feet, a hurried measurement was
made across the onterop of the greater part of the formation, leav-
ing out one or two hundred feet of the lower beds, This measure-
ment makes the vertical distance from the overlving sandstone to
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the indurated beds helow about 1100 feet. Two ledges about fifty
feet apart and Iving some two or three hundred feet helow the
top of the formation. consist of a large aml sometimes continuous
laver of concretions of calearcous material mixed with zome sand.
and these contain in some places abundant specimens of large
ammonoids, among which Neliloenbachia  conensis Conrvad  ((?)
seemed to he most frequent. North of this place. where the wagon
road crosses the ridge formed by a «ill following the west =ide of
the mountain, the lower ecalcarcons division of the formation is
well exposed in the side of the road and exhibits a number of
more or less entire valves of large fnocerami. some of which meas-
ure two feet across.  North from the end of this ridge and ar the
foot of Talley mountain. the concretionary lavers in the upper
division have reached an uwnu=ual development and are well ex-
posed.  Some of the conerctions measuve four feet in diamcter.
Thiz =ame horvizon was also noted in the east bank of Tornillo
ereek at a point midway hetween the village of San Vineente and
Boquillaz postoffice. and the same ammonoid ocenrs there.  Aeain
these strata come into view at Banta Shutup, where the conere-
tions consist of an impure clay ironstone and have large shrinkase
cracks which are often filled with hlack ealeite.  The heds here
follow the west side of the Stillwell ranch intrusive. dipping to
the west.  They arve alzo uncovered in the valley around this ranch.
where Frogyra ponderose was again noteld and likewise the zone
of large seplaria,

T the valley which lies along the west side of the Carmen
range. about three niles east of Stillwell's ranch. there is a gray
and somewhat induvated marl or =oft limestone which helones in
the lower part of this division. Tt contains abundant gpecimens
of a fow foszils, one of which T think iz new. This is a sponge
which consists of a loaf-shaped body of folded plates rvadiating
from a central point. Tt iz nndoubtedly closely related to, if not
identical with. the sponge already noted i the horizon of the
Buda Timestone.  The plates contain a fine network of liexactine
spicules. There was at the same point numerous specimens of
Inoceramus undulato-plicatus Roem.. and of Selhloenbachia lronen-
sis Conrad.  Other Tnorerami and a Baeulites asper Morton (%)
were noted. The formation extends with =ome interruptions for
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several miles in a Delt northwestward from this place. passing
Muskhog spring.

In the country between the (orizones peaks. Box spring. and
the Christmas mountaing, the Terlingua marls and shales are fre-
quently seen. and some of the fossils noted at other places were
observed here, but this region i= more hroken up hy igneons in-
trusions and =ections suitable for description are less common.

The Laguna is a shallow depression which is cansged by the
presence of these easily digintegrating heds, a half mile west of the
highest peak in the Chisos mountains, By the folding to which
the ground has bheen subjected heve. the shales are drawn out
lengthwise and shrunk in other Jivections =0 as to he greatly re-
duced in thickness.  They are Iikewise more indurated and morve
fissuved by joints.

Topographic Relations.

In their velation (o topography the Terlingua beds invariably
maintain the habit of appearing on the lowest ground. In the
center of the Chizos mountains. where they have heen raized by a
high fold, they occupy valleys among the peaks.  On the lowlands
thev form the flattest and most desert-like stretehes in the entirve
region.  Theyv have vielded more readily to erosion than any other
member of the Upper Cretaceous zeries. Thiz is due no less to
rapid weathering. cansed by the weak coherence of the clastie cle-
ments, than to the promptness with which these arve capable of he-
ing carrvied away by the sheet flood current. owing to their small
size.  The effectiveness of the sheet fload is inereazed by the im-
pervionsness of the clayvs. which causes the vainfall to be shed ax
from a roof. '

Organic Rewains,

The Tower part of the formation is largely composed of organic
sediments.  The chalky heds consist almost entively of a deep sea
ooze, quite free from mechanical ingredients.  This ooze consists
mostly of comminuted fragmentz of delicaie caleareous shells of
foraminifera. but entive tests may always he found by praper erush-
ing and washing of the rock. Tragments of the shells of Inocera-
mus form an appreciable ingredient in some strata.  Including
some four hundred feet in this lower division of the formation, i
vielled the following fossils:
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1. Globigerina.
2. Textularia.
3. Other foraminifera.

Sponge.

5. Sea urchin.

6. Radiolithes, like svetalis D'Orh.  This fossil ¥ smaller than
{lippurites teranus Roemer, which it otherwize somewhat rvesem-
bles.  Unlike the latter. it consists of a cluster of several individ-
uals which are grown together. It was found in the marl: north
of Taguna, west of Emory peak.

V. R. austinensis Roem., found in the lowermost ledges,

8. Haploscapha grandis Conradl.

9. TInoceramus undulato-plicalus Roem. There were several
smaller Imocerami. which were not identified.

10, Ostrea congresta Conrad.

11.  Baeulites asper Morton,

12, Ammonoids. two undetermined species.

In the midde Tivision of the formation no fossils were ohserved.
The upper three or four hundred feet contain occasional arvena-
ceous seams and lavers along which caleareous material has gath-
ered into large concretionz. which are sometimes separate and dis-
tant and af other times lic elose together. or even join. so as fo
form a continuous hed.  In =ame of these coneretions fos=il cepha-
Topads arve quite plentiful. but only a few forms have heen oh-
served.  Fweogyra has not heen noted in connection with the eon-
eretionz, hut it scems to be limited in thiz region to certain indi-
vidual lavers not far from the hovizan in which these occur.

The forms noted in the upper three hundred feet ave as helow:

Eroqyra cosfala Sav,

L. ponderosa. Roem.

Nautilus dekayi (Mort.) Meek.
Placenticeras Whitfieldi Hyatt.
Sehloenbachin leonensis Convad (2).

3 o

o) S B

Chemical Cownposition.

Tt will be elear from what has alveady heen =aid that the com-
position of the three divigions in this formation presents two ex-
fremes.  The lower division iz a c¢halk and the npper part is a clay.
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An analysis of the chalk shows only a small amount of clayvey ma-
terial and an analysis of the clay would no doubt show only small
quantities of caleareous material. Frequently the clays in the
upper part of the zection give no response to acil. No analvsiz
has been made of these clays hut the composition of two specimens
of the chalky beds was found to he as below:

Analyses of Specimens of the Lower Chalky Ledges of the Ter-
lingua Beds*

West of Chisos Pen. South of Cuesta Bluncw.

Silica . ..ot +.54 per cent. 1934 per cent.
SN E1111DE I R—— (.75 per cent. 3.00 per cent.
Ferric oxide . ....... 140 per cent. 2.16 per cent.
Lt cosveavnmivn o 52,04 per cent.  39.50 per cent.
Magnesia . ......... (.24 per cent. 1.00 per cent.
(arhonic acid . ..... 40.50 per cent.  31.50 per cent.
Water (hygroscopic). 0.10 per cent. A0 per cent.
Water (combined) .. 0.40 per cent. 2.00 per cent.
SUPHNYE: ¢ sneiissi vne B e vas R § N (0
Organic matter . .......oovvvn.... A0 per cent.

10017 per cent, 99.70 per cent.
Coreelations.

The lower part of the Terlinqua heds c¢learly corresponds {0 the
Austin chalk in the eastern part of the State. The two forma-
tions are alike and in their lithologieal characters the heds are
practically of the same kind. There is a slightly greater admix-
ture of clavey material in the western section than in the eastern.
especially above.  The middle elavs, which are destitute of fossils
are with equal certainty the equivalent of the Taylor marls in the
Austin region, and there is no gond reason why the npper member
should not he referred here also.  But the upper limit of the Tay-
lor marl has =0 far not been definitely made out for the eastern
region, and until thiz can he done a more particular comparizon
would be premature.  The upper two hundzed feet herald the com-
ing change of conditions, by the isolated avenaccous hands which it

FAnaly=is by Me. O, FI. Palm.



The Geology of the Chisos Country. 41

containg, hut its fossilz, so far az known, do not indicate any close
relationship to those which ocenr in the formation that lies above.

The Rattlesnoke Beds.

Up to the end of the Terlingua period the sediments of the Cre-
taceous age in this region were Jaid down in open waters that ex-
tenided bevond the shore belt, but at thiz time the =ca began to he
eneroached upon by the Tand, at least =o far that itz waters were
more or less hemmed in by inlands and other shore structurves.
These conditions prevailed for some time. The shore belt evi-
dently slowly subsided and thus allowed littoral deposits to ac-
cumulate to a considerable thickness. The resulting sediments
ave entirely different from those of the preceding periods.  They
consist of sandstones, muddy and peaty elays and silts, now and
fhen =ome limestone, and oceasionally some thin beds of gravel.
The Tittoral conditions were such that vegetahle aeccumulations
oceasionally were laid down and huried among other sedimonts,
These have heen changed into coal.  From the nature of the con-
ditions attendant upon the making of these ideposits they are
necessarily quite variable in compozition and texture. and indi-
vidual strata do not persist for any great distance horizontally.

The Zone of Chunge.

While there is na difficulty in making out the general line of
division between the Terlingua and the Rattlesnake formations. as
thiz i well marked in a general way. =till the particular level of
the change in cach local scetion must he selected =omewhat arbi-
trarily owing to the frequent variations of the heds in the upper
member,  Usually the change is ushered in by a thin stratum of
sandstone. which may be overlain hy fifty or more feet of clavs of
the =ame kind we find helow it.  Then there may he another ledge
of sandstone with another stratum of clay. Or the =andstones
may he replaced by arenaceous limestone.  These heds may truly
he said to make a zone of change, since thev lead up to the varialle
deposits above, The =andy and ecaleareous lavers arve frequently
fossil bearing. and their fauna i= elearly related to that above. Yet
it is somewhat different.  To make close comparizons possible with
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the Cretaceous strata elsewhere by other students, the fossils ol)-
served in the tranzition heds ave here listed separately :
1. Coral (7).
2. Bryozoan, adhering to the outside of a cup-shaped tule,
probably from a coral.
3. Gyrodes sp. (7).
4. Natica sp. (7).
3. Restellites lewanue Conrad (7).
G. Ncurrie sp. ‘
1. Spironema sp.
8. Volutomorpha, like poderosa Whitfield.
9. Camptonectes burlingtonensis Gabb. (7).
10, Thraciu sp.
11, Dentalivm gracile M. & H.
2. Baculites s).
13.  Lamna, like cleguns, Agaz.
‘4. Lamna tervana Roewm.
15. Vertebrae of fishes.

Thickness.

Including a hundred Leet of this zone of change the Rattlesnake
formation contains ahout 600 feet of strata, as delimited in the
leseription which follows, Tt must he stated, however, that the
division between these beds and the sediments which overlie it
is much less well defined than the base ol the formation. No at-
tempt could he made to definitely mark its upper limit.

The Sandsiones of the Ratllesnake Beds.

The sandstones of the Rattlesnake beds made the most con-
spicuons outerops in these sediments. Single beds measure as
much as fifty and sixty feet in thickness. While they vary con-
siderably in color—which may be white. gray, yellow, brown and
even hlunish—they possess some features which are rather constant.
They are, as a rule, quite free from coarse admixtures. Pebbles.
even of small size. are quite unknown. These sands hardly ever
contain any mica and they are quite well sorted. In seven sam-
ples which were specially examined with regard to texture. there
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wis only one spechmen in which the greater part of the material
consistedd of grains measuring a halt millimeter in diameter; in
one sample the maximum ingredient consisted of arains measuring
one-fourth of a millimeter: in one of grains measuring about one-
sixth nmom. s in two. abont one-cighth : and in one most of the grains
were less than one-sixteenth millimerer in diameter. Comparved with
other sandstones of the =ame coarseness, the graing are rather little
rounded.  Some magnetic grains may usuallv be found.  Other-
wize the constituent iz quartz, of which some is chert, especially
among the grains of the largest sizes.  With the coarse admixtures
organic caleareons fragments are sometimes also iwmbedded. Very
rarvely these form rhin zcams hetween finer strata. wheve the sort-
ing has heen affected by strong currents.  Some calecareons ma-
tevial iz quite generally prezent. and the sandstones grade into al-
mosgt pure ledges of Timestone, which, however, are infrequent.

The hedding i= variable.  In few instances faces of ledges were
seen measuring fwenty feet and appavently without hedding scams.
Az a rule. thin bedding prevails.  In thin ledges the seams are
ustally straight and even.  But cvozs bedding is very ecneral, and
fine ripple-hedded Tayvers are not nneommon.

Being the most open in texture of all the sediments in this for-
mation the sandztones have heen the highwayvs of underground
water. and thizs has often worked secondary changes.  The most
frequent change is the introduction of interstitial caleareous ma-
terial. giving the rock greater hardness and toughness,  This in-
terstitial material iz sometimes a pure caleite with continuons
cleavage planes of large zize. The change is verv generally ac-
companied by development of concretionary structures. also of large
size. A frequent form of these iz large eiveular disks. measur-
ing =ometimes three feet in diameter. and exhibiting the original
hedding planes an the edges in weathering.  They frequently eplit
along these planes into thin plate<. an inch or less in thickness, ex-
tending across the entive dizk.  Spherical concretions have also
developed. the sizes most commonly scen heing from two to six
inches in diameter.

In some of the sandstones, and especially in the lower part of
the formation. cementing material is" prezent in =mall quantity
onlv. and mostly confined along the joints, leaving the central
part of the delimited blocks zoft and ready to erumble under the
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influence of the weather. This gives rise to a hahit of weather-
ing which has a very unique appearance and develops some most
irregular cavities on the surface of the stone. Ultimately these
run together and leave hent and irregular plates and cusps pro-
jecting out from the face of the ledge, in the most fantastic forms
and resemblances,

About three hundred fect above the hase of thiz formation the
sandstones have some peculiar markings, which are the imprints
ef the fueoid Halymenites. They can be most readily deseribed
as closely resembling moulds that might he made by pressing the
=ide of a =mall car of popcorn inlo =and. They usually appear
as zemi-cvhindrie depressions on the weathered surface of the sand-
stone. frequently hending and zometimes hranching, varving in
width from three-fourths of an inch to nearly twice that wilth
and having a length of sometimes as wuch as zix or eight inches,
The surface of the impressions i= studded with shallow pits that
measure about three-sixteenths of an inch in diameter and that tend
to he arranged in rows running Jiagonally across the cylindrie de-
pression. In cross-section. these pits may be seen to extend all
aromnd the evlindrie cavities and in a few instances a smooth and
straight central core of sandstone was seen to protrude from one end
of the otherwize empty mould. TIn another place the filling in
these moulds had for some reason hecome more indurated than
the martrix around it. and as this weathered away the casts in the
original form of the fossil were left bare.  In eross and longi-
tudinal sections these exhibited a smooth central eore of unaltered
sandstone.  Ne vestige of organic material could be found in any
of the speeimens examined.  In the casts just mentioned the sand
waz held together by a dark ferruginous cement. which was lack-
ing in the =urrounding more rapidly weathering matrix.

These markings are so abundant in ome sandstone ledges that
they may be =aid to fill them. They have heen noted in the coal
hearing heds of the 1 pper Cretaceous at Eagle Pass, and they are
veported from the Fox Hills sandstone in Eastern Colorado by N,
H. Darton.  Their rveal nature must at present be left to con-
jecture,  The exlinders nsually lie in a horizontal position.  This.
az well as their mode of hrinching, sugwests that they may be im-
pressions of root=stocks of some water plant.  Perhaps thev are
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the burrows of some animal living in the beach sands of this
period.
Finer Sediments.

The finer sediments which are interhedded with these sandstones
consist mostly of silts below, and of ¢lay of finer texture higher
up. The muddy silts contain more or less of carbonaccous mate-
rial, which is sometimes present in such quantities as to make the
deposits appear perfectly black.  Occasionally the silts as well as
the clays are marly and at times we find the calcareous ingredient
gathered into concretions with forms of all degrees of regularity.
At times these form continuous layers many feet in extent anl
from four inches to a foot thick. These usually oxidize to black
impure limonite, as the original coneretionary mass contains a
large per cent of carbonate of iron. At other places the concre-
tions form perfeetly circular leaves and disks. The finer clays are
usually gray, but baking by igneous intrusions and also weathering
may have turned them yellow, hrown, or red. Bluish and greenish
tints are also in evidence. The finer sediments constitute the bulk
of the formmation.

Original Calcarcous Deposils.

Original calcareous deposits playved a very subordinate part in
the sediments of this period. But there are a few ledges of lime-
stones which consist of organie fragments, in the form of ill as-
sorted calearcous sand and of mud containing larger shell frag-
ments.  Some of the clays as well as some of the sandstones also
contain a calecareous ingredient which is present as an original
constituent.

Special Sections.

A deseription of some local sections will give a better idea of
the character of this formation as a whole. In the ridge which
extends north from the north end of Burro mesa we find the lower
part exposed.  Cottonwood creek crosses this ridge almost exactly
at the latitude of 29° 20" N, and at the east foot of the ridge its
bed contains a tinaha, near which there is an old camping place
known as Chisos Pen. The creck crosses the ridge along a line of
fracture and the section in the ridge is considerably hroken up and
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obscured.  The heds dip to the east from 10° to 30° and arve eszen-
tially as follows: ’

Seclion near ('lisos Pen.
¥ Thickness in tfeet.
13.  Soft gray ledges of sandstone containing occasional shells

of two species of ovsters..... R S ST e ),
12, Benanbevsivesil cos. o cr Sy S s 20
11, Silt and elay with some carbonaceons matevial, . ... ... G0
10 Bandstoney mhiv o casesseen s SR 20
9. Sand. mixed with clay aml earbonaceons matevial. ... ... 10
8 Ul o A e A R e SR DL S 13
oSty mud or five elay. ..o e 2
6. Sandstone containing some mud and in places showing

clear lamination. a large ovster present............o.. 50
3 Not GRPOset 5 mosm s e S e R R R A 2

4. Sandstone, irregularly bedded, and weathering to a very
irregularly eavernous or pitted surface, and containing

large specimens of Inoceramus cumminsi Cragin. .. ... 30
3L Claver Al Wty sahithe comnmamenseaesisa 2
2. Yellow hard sandstone containing fish remains and vari-

g Tonel[ihranedls o ol b it b S e b e 10

1. Clays of the Terlingua heds,

About a half mile east of the C'hisos Pen some ledges of soft
sandstone rest on clavs which contain silicified wood. and concre-
tions of clay ironstone. and at one place a laver of a fine grained
white sedbuent which iz evidently a tuffaceous deposit. These
ledges here lie in a herizontal position, and taking into account
the low piteh to the eazt which shows in the nearest exposures on
the west, the sandstone apparently belongs to a horizon about two
hundred feet ahove the highest member in the section just given.
In the sandstone are moulds of various lamellibranchs, among
which a Leda, a Corbicula, and a Cardiuwm were noted, and it also
contains »emaing of sanrians. fishes, and turtles and some silicified
wood. ;

About one and one-half miles farther north the same section is
seen on the west side of the ridge and may be given thus:



The Geology of the Chises Counlry. 47

Section north of Chises Pen.
Thickness in fect.

12 Nuvienwovs silliss sesremn i sisaisnsnmisiasnsns h
1T, COrvrclin oiSNANE. .« oo memscnem ms smesse s e D0
1%, AASNEnY Sl coearemsmsnmm nmsss m e e s 20
0. Clay amd #ilt containing Ostrea. cfo ol M & Hoooono o 20

So SAICASTON0: o s i TR T Vi SR SRR A S e 14

., Twlurated sl siltosvssvsvia i asamydsins o 15

6. Sandstone with fuoreranus ewpomfnsi Cragin. . .o.oo..ooe ., 10

o DY Gl wsmmamiin s srmseimm s s o rssseiosmms 6 w8 25

+. Sandstone containing many fragments of <hellsooooooo .. 16

Ss BV 5 s e e A R S R S B e 20

2. Hard vellow sandstone with teeth of shavks and shells of
lumellibranehs o . oo e ]

1. Clays of the Terlingun heds,
Again. a wile south of Chizos Pen the zame beds on the east

side of the ridge were measured and deseribed as follows:

Section south of Chisos Pen.
Thickness in feet,

12, Teneous sill o o e 150
Tl RANEENE o s cnesmmssmpmesess TSR BT 40
T0: FOHenhE Bl e s s s s aamm AR 10
9. Sandstone with fragments of Ostrea glabra M. & Hoo .. .. 412
S {Conly shitlocs 220s oo comaigidem et e gratios don e 8
TooRandy ghale o oo e 40
6. Soft sandstone containing a large ayster. probably " Osfrea

grantriets COMERL e wurmraimm m s S s R e 12
5y ‘Bandyrslinle & sewinn sem e e S R S R & 40
1. Sandstone, with Teaeceranivs eamniinst Cragin., ......... 12
B AT L e e e 3
2, Yellow hard sandstone with oceasional fish remains. ..... 3
1. Terlinena beds.

Number 2 and 3 in all these three sections are the same, and
they helong to what has alveady heen described as the “transition
heds=.”  Thevr were seen in many other places. as in Rough run to
the northwest of Maverick mountain. south of the same mountain
near Dawson creek. near the junction of Rough run and Terlingua
creek. in several places hetween this point and the mouth of Ter-
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lingua creek, west of Marizcal mountain, and also on the Tornilio
creek south of Boguillas postoffice. At nearly all of these places
the sandstone numbered 4, is found lying right above, and it almost
invariably contains the characteriztic fossil Inocernmus cumminsi
Cragin. This fossil iz quite variable in shape and size. It varies
from three to four inches to twelve or even fourteen inches in
length, and the larger forms are more gibhous than the smaller.
Frequently the sandstone is profusely filled with these large shells
and their imperfect casts weather out in abundance. This ledge
frequently presents a surface honevcombed with cavernous hollows
that are separated by irregular plates consisting of indurated ma-
terial along its joints. For three or four hundred feet above this
sandstone the heds are made of variable strata of clavey and sandy
gilts, in which there are frequently some peaty seams, and occa-
sionally these develop into seams of pure coal. This is the coal-
bearing horizon of the Upper (‘retaceous in the west part of the
State. It is characterized principally by a lamellibranch fauna to
which also belongs at least one hrachiopod and some gasteropods
and a turtle. The forms most frequently obzerved resemble those
named in the following list:

Lingula cf. rauliniana 4’0rb.

Mytilus [ 7] sp.

Veniella ef. conradi Whitfeld.

Mactra tewana Conr.

Thraecia gracilts M. & H.

Ostrea efl. glabra M. & H.

0. contracta Conr.

Cardium ecarolinense Conr.

(. ef. congestum Conr.

Crassatela ct. obliquata Whitfield.

Fragment of the carapace of turtles.

Impressions of plant (2} [described above].

The coal is bituminous and has a fine texture. It is also char-
acterized by containing small irregular pockets filled with a red-

dish resin.
Fossil Woaod.

Above these coal-hearing strata the sediments become less sandy
and contain more clay and more ecalearcous material.  Thiz is a
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horizon which almost everywhere is characterized by the presence
of silicified wood, bones of vertebrates, and stray layers of tuffa-
ceous sediments. Fragments of silicified wood are almost univer-
sally present and entire trunks are not infrequent. Some trunks
were scen measuring more than three (in one instance six) feet in
diameter and as much as forty feet in length. The tree trunks
almost invariably occur several together and usually they lie on or
under some ledge of sandstone or along some particular layer in
the clavs. In one instance all the trunks helonging to one suech
layer were seen to he angiospermous exogens, probably all of one
species. More than two-thirds of the wood otherwise shows the
tracheid tissue of gyvimmosperms.

Tertebrate Remains,

Associated with these tree trunks are the remains of some sau-
rians. Many of these are of large size. TLong bones and vertebrae
are most common and the centrum sometimes measures as much
as five inches in diameter. Fragments of the carapace of turtles
are quite common. At a point about a mile south of the mouth
of Dawson creek the vertebrale remains were found to he associated
with a Vieiparus, like V. raynoldsanus M. & H. The clay in
which these vertehrates most frequently occur usually contains a
number of rough yellowish coneretions. varving in sizes from a
half to two inches in diameter.

Tuffs.

In these clave we often find Javers of white impalpable voleanie
tuff more or less mixed with other sediments. Usnally some
fragments of hones may be found near =uch lavers. Tnstances of
thi= kind were noted on the south zide of Dawson creek, two miles
south of Big Bend postoffice : in the hills a half mile south of Dry-
den’s ranch on lower Terlingua ereck: at a point about four miles
west northwest of Tallev’s raneh on the Rio Grande south of the
Chisoz: in the hills about two miles east of Neville springs. and
on Cottonwood creck about a mile east of Chizos Pen. The tuft
beds are usuallv only two or three {eet thick and often less than
this. Thev thin out. and thicken in short diztances. Their aszn-
ciation with the vertebrate rvemains sugeest that the eruptions
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which produced them may occasionally have heen destructive to
life in the coastal regions of the Cretaceous sea.

One of the thickest beds of such tuff was seen in a =mall sharp-
pointed butte, which rises from the plain about two miles east of
('hisox Pen.  The section which is exposed on all the sides of thig
hutte iz ag helow :

Thickness in feet.
20

1. Soft gray sandstone............... o
3.\ Dbreceiated mixture of sand, gravel, and lumps of clay
and sandstone measuring a2 much as a foot in diamerer.
Many of the clay Tomps ave from a white tuff composing
the next number helow. ..o .. SR SE S eh
2. A white compaet fine elay which largely congists of an im-
palpable voleanic dust. It breaks into angular chips and
was seen to confain a fragment of a bone and a piece of
pumice.  This stratum iz separated by a sharvply mavked
line from the number below. oo iavaiwns s oo 3
1. Dark shaly clay with sandy layers,  Some silicified wood

AFOHIN a0 ks e it oo SR e e T T Rt e e o e g arianr A A

On the =outhwest end of Stickroek mountain the elavs and sand-
stones of this division arve overlain by similar ruff beds and brec-
ciated mixtures. measuring some =eventy-five feet in thickness
The change from the clayvs ta the tuffs has the appearance of an
unconformity. - The <harp line of eontact hetween numbers 1 and
2 in the seetion given above sngoestz at any rate a great change in
conditions. It may very well he that at both these places an ap-
parvent unconformity might have heen produced by currents in the
hottom of waters where the voleanic sediments fell.  Sueh cur-
rents may very well have heen strong cnough to tear up and re-
arrange loose voleanie mud, especially az the eruptions were prob-
ably not far distant.

About two miles west of Ash =pring and at a place where an
arrovo approaches the south hase of a low cuesta, there is a layer
of vellow limestone imderlving a tough =andstone which helongs to
these clavs.  The ealeareons layver iz only =ome twenty inches thiek,
but it has a very peculiar hreeeiated appearance. as if the material
had heen broken up and twisted or kneaded in some way hefore
hardening inin =olid rock. A similar laver was noted in the same
hods a mile east of the Grapevine hills on the east side of the
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Chisos. This rock seems to be peculiar to the upper part of the
Rattlesnake beds, and may help in tracing their extent.

Topoyraphic Fealures,

The Rattlesnake beds have been named from the Rattlesnake
mountain, which iz a dissected low dome on the cast sile of lower
Terlingua ereel and about four miles south of Big Bend postoffice.
These heds are exposed in an almo=t continuons bhut irregnlar belt
encireling the Chizor mountaing, and it varies in width from less
than a mile to several miles. 1t is a helt of greater relief than we
find where the Terlingua marls constitute the hed rock. In the
Rattlesnake mountains it presents its most rugged appearance to-
pographicallv.  In most places we find these heds more or less
tilted and the exposed edges of the sandstones form fong and nar-
row ridges. selilom more than a hundred feet high. and mostly
less than thiz.  The effeet of this unequal resistance to erosion by
different strata is frequently increased hy the fact that igneous
rock =ills have heen injected hetween them. and these protect still
more effectually the =andstones, This ix the case in the Rattle-
snake mountain, in Dogix mountain. in Slickrock mountain, in
Chili Cortal and Talley mountains. and in the Grapevine hills.
Where the strata lie in a horvizontal position the sandstones some-
times cap low buttes and mesas amd we find a few of these along
the Tornillo creck west of Melinney springs and alzo on the flats
west of Oak canon.

Fossils,

Foszilx are u=nally well preserved in the clavs and limestones.
Tn the sandstones they oceur mostly as moulds, the original sub-
stance of the =hells having heen removed by solution. Tn such
cases identification is difficult and uwneertain. A lizt is appended
which includes all the forms believed to have heen noted in the
formation. including the “tranzition™ heds.

Plants.
1. Tmpressions of the fucoid Halvmenites.

2. Silicified wood,  Fragmentz and entire trunks of trees lie
in the sandstones and in the clays.  About fifty out of seventy
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specimens from different localities are gymnosperms. The other
twenty exhibit the tracheary tissue of exogenous angiosperms.

Invertebrates,

3. Bryozoan, a small fragment attached to a probable coral.

4. Coral?

5. Lingula, cf. reuliniane ’Orh. In a mud layer. six feet
under the coal seam in Cottonwood creek.

6. Ostrea cf. contracta Conrad. This is a lavge ovster of an
elongated form. One specimen measured twentv-seven inches in
height and seven inches in width. The hinge in one measured
nearly five inches from side to side, seven inches in height and
was an inch thick.

7. 0. elegantula Newb.

8. 0. cf. veleniane Con. This is a species which also resem-
bles 0. prudentia White, 0. Wyomingensis Meek, and 0. coalvillen-
sis Meek. It is the miost common of all oyvsterz in these beds and
varies in form as well as in size. It occurs mostly in carbonaceous.
muddy clays.

9. 0. subtrigonalis Ev. and Shum.

10. 0. cf. lecticostata Gabb.

11, Lima sp.

12, Inoceramus cumminst Cragin,  Always in sandstones in
the lower part of the formation. TUsually much larger than the
specimens deseribed as types.

18, 1. erispai 2 vav. subeom pressus M. & H.

. Mytilus [ 7] sp.

15, Leda. sp.

16.  Crassalela of. obliguata Whitfield.

17. Cardium cavolinense Conrad [ #].

18. (7, cf. congestum Conrad.

19, Cardinm. undet. .\ species very common in some sand-
stones,

200 Corbicula eytheriformis M. & |1,
1. Corbieula, sp,

2, Cypring,

3. Tenielln of. conradi Whitfield,

L. Veniella. sp.

LR

ool 4D
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5. Thracia gractlis M. & H.

6. Maclra texana Conrad [ 7].

1. Undetermined lamellibranchs.
8.  Buccinopsis parryi Conrad [ 7].

29.  Vieiparus cf. raynoldsanus M. & H. This species occurs
in association with saurian remains north of the Rattlesnake moun-
tains.

30. TUndetermined gasteropods.

31.  Baculites grandis | ?] Meek. Only two rather poorly pre-
served specimens were observed in one single locality: in the hills
west of Dryden’s ranch.

LRI - R S

Vertebrates.
[Determined by Dr. 8. W. Williston. ]

32.  Claosaurus [several limb bones and several vertebrz].
33. Ceratopsid? [Lower extremity of a tibia.]

34, Dryptosaurus | several teeth].

35. Crocodile [not previously known].

36. Several turtles [fresh water tyvpes].

Below T append a letter from Prof. S. W. Williston of the Uni-
versity of Chicago. who kindly undertook to examine the verte-
hrate fossils from the Rattlesnake heds.

CHIcaco. January 30, 1905.

Dear Proressor Unpex: T am not vef sure of the determina-
tion of zome of vour specimens. There are a number of limb hones
and vertebrs of a moderate-sized herbivorous dinosaur, which
clearly helong in the genus Claosaurus, with solid limb hones. A
lower extremity of a large tibia T helieve to helong with the Clera-
topsia. but I find no other indications of that group. The hone is
solid and hence can not helong with the Hadrosauridae: it is either
a. Ceratop=id or a very large Claozaur of a new form. I find a
number of ecarnivorous teeth. quite like those so common in the
Laramie and referable to Dryptosaurus—hut they are not of much
valne for correlation. The large crocodile is new to science. and
hence of no value in correlation. The turtles also are of fresh-
water type, but their determination is impossihle until the material
iz restored.  So far then: the fossils are of the land and fresh-
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water Uretaceous, and woulld have been referved until recently un-
hesitatingly to the Lavamie or Judith viver.  But, these Torms also
oceur in the Belly River depositse which are now known to he con-
temporary with the It Pierre.

However. T have very little hesitation in saving that the deposits
are from near the top of the Cretaceons, thongh the colleetion lacks
not a few things characteristic of the Laramie and Judith River
that [ <hould expeet to find in it. and has an undue preponderance
of Claosaurus-lika dinoganrs, which arve rvelatively rare in the
Laramie or Judith River.

I am inclined to believe that vou have cither a new vertebrate
horizon. ar some very decidedly new facies of a known horizon
which will repay thorongh investigation.

Very truly vours,
S. WL Winnsrox.

Correlution.

Whatever will prove to he the equivalents of the Rattlesnake
heds in the Rocky mountain zeetion farther north. T believe that
thev are certainly identical with the coal-hearing horizon at Eagle
Pass, and also with the coal-hearing beds in El Paso county.

The Tornille Clays.

Sandstones become less and less important from the middle part
of the Rattlesnake beds upward. The highest part of the forma-
tion consiztz largely of clavs alone.  Parallel with this change is a
dizappearance of nearly all of its characteristic fossils,  There ave
at least some six hundred feer of =uch barren clays resting on the
Rattlesnake formation. but they can not be separated from it by
any =harp limit. A= these upper =ediments are well exposed for
many milex along Tornillo creek, thev will here be called the
Tornillo ¢lays.

Claracteristic Coloring.

These clave nay usually be recognized by the peculiar combre
color=: gray. dull olive green. dull hlue. dull red. dull vellow. dull
purple. dirty hrown. and at times black and white, only now and
rhen heightened by the oxilizing influence of heated intrusives to
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brighter shades of rved and yvellow. Their stratification is ren-
dered conspicuous chiefly by these colors, which alternate promis-
cuously in different layers, and sometimes also change in the =une
stratung,  On the sides of many biuffs sapped by arvoyos and creeks
the different strata usually appear ax color hands varving in width
From one to twenty or thirty feet.  Otherwise the stratification is
not very apparent. All ix a fine clay thronghout, with only now
amd then some thin lentils of sandstone. These sandstone ledges
arve nearly always characterized by great toughnes: due to cement-
ing material. which makes them hard to hreak.

Mechanical Com posilion.

The clays have a very fine texture. They contain a large ad-
mixture of exceedingly line particles, less than one sixty-fourth of
a millimeter in diameter.  This renders them guite impervious to
water. But they also contain a small ingredient of sand grains,
some of which are magnetic iron.  Their clastic elements ave really
not as well sorted as the sediments in most extra-littoral waters.
They resemble in this respeet more such clays as are laid down in
hemmed-in waters, where currents are absent and where all the
clements in suspension are thrown down. The small quantity ol
=and which is mixed in the eclay as well as the sand which makes
up the stony layers, consists of grains that arve rather mmore angular
than usual. This fact no less than the presence of magnetite
arains and the copious ferrnginons ingredient which causes the
coloring. suggests that a large part of the sediments have been
derived from disintegrated terrancs of voleanie origin.

Calearcous material is scarce. Usnally these clays do not effer-
vesee on the application of acid.  But occasionally a stratum of
lime vok may he found, and it iz apt to be associated either with
sand or gravel and mixed with carbonate of iron. North: of Nugent
prak a stratum of this kind was seen, which consisted of a mass of
lenticular grains of carbonate of lime and ivon. cemented into a
hard rock, in which there were alzo =ome quartz pebbles. Tt had
the appearance of a conglomerate of ealearcous lumps.  These
measured from one to four millimeters in diameter. Some had
the appearance of being orviginal in the rock. while others were
more like true subsequent concretions. The largest had central
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radiating shrinkage eracks filled with caleite. This stratum be-
longs in the upper part of the formation. About a mile east of
the Grapevine hills a stratum near the base of these clays contains
a lentil of sandstone, twenty feet thick, which is conglomeritic at
intervals. The pebbles in this conglomerate are well worn and
round, some measuring an inch in diameter.  Among the pebbles
in this conglomerate, rocks of different kinds were represented
about as follows:
Limestone [ of Lower Cretaceous age|. .. .65 per cent.

D e b e e 1 23 per cent.
Siligifled Wobtl: . wwomenimsm v s masenwes 5 per cent.
Quartzitey; . woviscies Sewaseis, ST NR 3 per cent.
Worn calearcons conervetions............... 2 per cent.
BBEIE oy s mssmns s AR b 1 per cent,
MATDIE o o s 1 per cent.

Chemical Composition.

The variations in color. which these heds exhibit is no doubt due
to their high percentage of iron. Some of this ivon is in the form
of black magnetic grains.  From thiz circumstance and from their
rather large content of potash and soda it mayv he inferred that
these clays consizt of the finest debriz resulting from the disinte-
gration of voleanie vocks. Below is an analvsis of a dark clay
from the hills on the east side of Rongh run. ahout two miles east
of Dogis mountain.*

Lnaiysis of Tornillo Clay.

BT o v v R A e 64.14
AN G At S e A 18.81
Ferricoxide . ..ot e e 6.05
TBYIVE oo ooty e oo e e S s o) i .74
MATHABSIA & o cromiicss Al s e s Al AT e .30
Botaghes ¢ s i o neiiiis 255 esl s ieh ook 1.28
S00a e e .58
Water [HYEroSEopIc] o «ewsn s s o 6.00
Watdr [eonihied] < = s maae st e 2.50

100.40

“0. H, Palm. analvst. o



The Geology of the Chisos Country. 57
Conerctions.

Almost at everv place where the clay is subjected to vapid
erosion its surface iz covered by small concretions of carhonate of
lime and of iron. which are left hehind az the loose clay i washed
awav. These concretions are nsually of small size ranging from
that of a pea to that of an apple. They have a rough exterior and
are mostly of a dark or vellow color. Sometimes they show
shrinkage eracks inside. In a few places, as south of the mouth
of Dawson creek, there are large coneretionary nests of vellow cryvs-
tals of caleite. which have a radial arrangement.  These nests
measured from six to ten inches in diameter.

Weathering and Creeping.

The Tornillo clays weather in a most singular fashion. Tt has
already been noted that they arve so fine in texture as to be quite
impervious to water. Inversely they will not vield enough moist-
ure to enable plants to grow. except where their surface has heen
mixed with or covered by some land drift. When rain fallz the
surface of the bare clay swellz up into an exceedingly sticky nl.
which renders the land practically impassable to man and heast,
Pools of water will stand on the ground after heavy showers ani
they will evaporate away by heat and sunshine while only a small
part of the moisture filters into the clay. When the ground dries,
the elay shrinks and ecracks extensivelv. but as the moisture only
affects the upper one or two feet. the cracks are limited to the
same depth. The clay retains the moisture with such tenacity that
the onter layer of a moist lump will warp and break off while the
kernel is vet somewhat plastic. A= a resull. the drving clay breaks
up into irregular angular hard lumps. less than an inch in di-
ameter. These cover the unweathered strata heneath to depths of
from one to three feet on hills and slopes where the clay is bare.
Thev are hard and tongh, sometimes wholly separate from each
other, and sometimes partly adhering. With everv rain the process
is repeated, the ITnmps swell up and are again dried and warped.
The swelling as well as the warping produces a small creeping
motion among the elay lumps, small in extent hut evidently power-
ful.  On =lopes. gravity aids all movements in a downward diree-
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tion and counteractz all other movements.  In the long run the
accumulated effect of this influenee results in a motion in the
Jireetion of the slope.  The whole bed of elay Twmps thus creeps
forward like a glacier.  The movement is evidently very slow, but
many of the ¢lay hills show unmistakable indications of it reality
in their rounded flowing contours.  Sueh conditions are especially
frequent in the hills along Rough run northeast of Maveriek moun-
tain., along Tornillo creck, northeast of Paint Gap hill, and in the
country to the north and east of Rattlesnake mountain.  They
scem to he the result of some nicely balanced adjustment hetween
clay texture on the one hand and particular climatic conditions on
the other. and we must regard this creeping as a vers exceptional
phenomenon in nature.  On Dawson creck, south ol Maverick
mountain, I found a place where the front end of =uch a ereeping
" hody of e¢lay lumps had embraced a dead mesquite tree and was
still holding this in an upright position, after the base of the clay
" ¢lift had heen washed away by the creck. 1t will be understood
from this that the moving body of the clay consisted of a tangle
of lumps of such shape and consistency that they adheved suffi-
ciently to hang together, when dry. without support. Where two
such creeping hodies of clay come down from opposite sides of a
small gully thev will sometimes bridge the gully and allow the
water to escape beneath them. Miniature low natural bridges
formed in this way were noted north of the Rattlesnake mountains,
along the margins of zome of these “clay ereep=.” At other places
small caves have evidently been formed in a similar manner.

Geographical Distribution.

In a general way the Tornillo clays may be said to underlie a
circular belt of land just inside that of the Rattlesnake heds. sur-
rounding the Chisos mountains. Tts most typical outcrops are to
he found along the east hank of Rough run, south and east of
Dogiz mountain. where thev weather into the peeuliar rounded con-
tours which have just been described. At a point northwest of
Chisos pen a fresh cut in the left bauk of the creek the bedding
indicated. elearly, an unconformity. Some of the lavers had heen
cut away and the hollow was filled with the =ame clavy or with a
clay identical in appearance.  The structure was too high up in the
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baitk to be accounted for by the action of the present stream. It
appeared like an unconformity in the oviginal hedding.  No sim-
ilar feature having been observed elsewhere, it does not =eem likely
that there i= any general unconformity at thiz horizon.

The elays underlie much of the country west of Burro mesa.
South of Dawson creek, on a line nearly =outh of the west end of
Maverick mountain, some ztreaks of tuff are imbedded. and the
uppermost part of the section exhibirs two seams of peaty material
ahour thirty feet apart. ench of which i= averlain hy a laver ol sand-
stone from two to four feet thick.  Awain. we find these clays to
the northeast aml to the east ol Rattlesnake mountain, and along
Willow c¢reck.  North and northwest from Reed’s camp they are
seen in moest arroyos and also over part of the Hat country hetween
this place and Lindsey’s quicksilver claim. They constitute the
bed rock over large arcas hetween and avound Talley mountain and
Chili Cortal mountain, and around the Dugout wells.  From here
northward they nnderlic =ome later gravels. appearing north of
these in a helt which extends north to the Tornillo creek. on the
east side of the Grapevine hills.  In the valley of this ¢reck they
frequently contain plates of gypsum with a fibrous structure. From
this point the outerops follow the wouth side of Tornillo creck west-
ward and appear last on Onion flat.

Phystographic Character.

From the above account it is clear that the Tornille clays in-
variably occupy the widest stretches of the graded plaine in the
Chisos country. The reason for this is clear. The clays are soft
and vield promptly to the agents of evosion. Transporting cuor-
rents most easily hold them in =uspension. No stream in this en-
tive region carries water so tenacionsly muoddy as does the Tor-
nillo. Intrusives scem to have avoided these clays. and there are
It few igneous sills present to hreak the monotony of the even
plains to which thev have been reduced.

Thichness.

Tt was not practicable to satisfactorily make out the thickness of
Tornillo clavs.  About a mile and a half aliove the mouth of Daw-
son ereek the combined thickness of these clavs and Rartlesnake
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beds is not far from 1400 feet. In Ash cafion on the northwest
flank of the Chisos mountains the dip and the outcrop of the clays
alone indicate that they measure at least 800 feet. But the ex-
posures here are not continuous, and there may be some faulting.
On the east side of the Chisos there scems to he more of these
clays. West of the eruptives which surround Stillwell’s ranch and
about four miles north of Banta shutup. there is a continuous ex-
posure of the tilted edges of the Rattlesnake beds and the Tornillo
clays, which dip from 15° to 25° to the west for a horizontal dis-
tance in the same direction of nearly a mile. This indicates a
thickness of the two formations of at least 1500 fect. Bur the
upper limit of the Tornillo clays does not appear. Six or seven
hundred feet seems a very conservative estimate for this formation.
Possibly it is nearer to a thousand feet.

Fossils.

Very few organic remains were observed. Silicified wood is oc-
casionally present in the lower strata. About one-half mile north-
east of Rock hut, or about two miles nothwest of Oak spring, frag-
ments of some large saurian bones with very coarse texture were
noted in an exposure of a varicolored clay. A little <listance from
this place a ledge of sandstone in the same beds was indented on
its upper surface with curving grooves resembling tracks made by
fresh-water clams. They were certainly marks of some organic
origin, These are the only indications noted of the cexistence of
life during the Tornillo epoch. There can hawdly he anv doubt
that plants and animals were less abunidant in the scas where
these clayvs were laid down than in the waters depositing the Rat-
tlesnake heds. Nevertheless, it is believed that a more thorough
search in the Jlark clavs may result in the discovery of more fossils,

The Chisos Beds.

The uppermost and Iatest great formation in this region consists
of a heavy deposit of tuffaceous sediments, which I shall eall the
Chisos beds, as they form by far the greater part of the sediments
seen in the Chisos mountains,

Tn their make-up the Chizes beds ave quite wnique. Theyv are
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everywhere clearly stratified in thin and well-defined ledges and
layers. These measure from an inch to one and two feet in thick-
ness, and persist for long distances. The exposures appear some-
what like those of stratified limestones. But the color is usually
of a brighter hue than is conunon in limestones. The great bulk
of the strata consist of a bluish gray or white stratified rock, which
lies in even, thoroughly consolidated ledges. Among these there
are occasional layers of clay and sandstone, and even thin layers of
conglomerate. The sandy layers often show cross-bedding and
occasionally also ripple marks, and the sand is quite well sorted.

The Typical Rock.

Examining the texture more closely we find that the typical
rock appears almost structureless to the naked eve. With a hand
lens one can distinguish scattered grains of quartz, slightly
rounded, imbedded in an obscurely fragmental mass, which con-
taing amall cavities or vesicles filled with various minerals, evi-
dently of sccondary origin, such as ervstals of guartz, amorphous
quartz, or a greenish silicate rezembling serpentine, or more rarely
crystalline calcite.  Under the mibrosc-ope small specks of this
greenish mineral are seen quite frequently throughout the rock.
The sand grains sometimes show round contours, evidently due to
wear, and again they exhibit original erystal faces. Worn frag-
ments of feldspar may also be observed, and there are even now
and then minute grains of magnetite and more or less well defined
specks of limonitic marerial. The mass or matrix of the rock is
usually too fine in texture to enable us to recognize the individual
minerals of which it is composed. oven with the microscope.  But
it is essentially siliceous, for it gives no response to acid.

By crughing the voek and washing out the sand we may find the
same minerals: quartz in rounded and angular grains. zeldom ex-
ceeding one-fifth millimeter in diameter. sometimes of a very elear
varicty and sometimes opaleseent: feldspar in clearly worn frae-
nents or of unabraded ervstals: maenerite and limonitic «=rains, the
Iatter evidently a secondary produet from thie former.  Very ravely
we may dizcover fragments of scoriaceous glass.

Tn ¢hemieal compozition these sodiments ave zomewhat variahle
owing to gecondary changes hiv which thev have heen affected. A
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specimen which was taken from the exposures in the hills =outh of
Ward's =pring, where the heds appear to he comparatively little
altered, was =ubmitted to Mr. O. 11, Palm for analyzis.  His report
i as helow :

Analysis of the Chisos Tuffs.
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Frequently these ledges have heen considerably altered. cven
when not much changed in their superficial appearance.  Minute
ervstals of quartz, rather long and slender, have formed throughout
the fine clastic matrix.  Small angular spaces of irregular shape.
have been filled with chalcedonic quartz. or with minerals re-
sembling serpentine and limonite.  Or entire ledges have heen af-
feetwd by =olution to such an extent that large irregular cavities
have heen formed. and filled with caleite.  In such ledges no mag-
netie sand i= present. hut it seems to he replaced hy the limonitic
material,

The Sandstones,

The sandstones, which constitute less than one-fifth of these
deposits. are seldom very heavy It consizt of mastly isolated ledges
a Toot or =o in thickness, and these rarvely are more than two or
three in succession.  The graing arve largely angular quartz, aver-
aging perhaps one-fifth millimeter in diameter. But well rounded
grains oceur alzo.  Fellspar and magnetite grains are present,
The interstices hetween the grains are filled either with =ome fine
tuffaceons material or by caleite or by a siliceous deposit. evidently
brought Ly the ground water. Tn one specimen taken south of
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Ward spring magnetite grains weve plentiful along some thin
seams following a slanting and curving seam throngh the ledge.

The (Clays.

Clayey strata are most frequent and heaviest in the lower part
of the formation where they resemble the Tornillo clays.  They
have a chocolate color and contain =mall dark calcarcous concre-
tions.  Higher up they heeome thinner and acquive a dark dirty
grav color.  On weathering, the higher <haly strata break up into
cubical picces: and concretions, when present, are apt to he larger
and to have a more smooth surface than in the lower elays,  Near
Governnment zpring some clay seams in these heds arve deep black
from the presence of organic maferial.  An analyzis of a =ample
from a tvpical layer of clay [rom the exposures west of the ('hisos
mountains i= as helow :

Nilien run sl T S N R R 12.64
Alimina .. o e 12.11
PRI BRI s 5o v manomns s rams e 5 v iss dai s e 3.45
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BORATL & v s s s T SR ST BT e 1.7
Wenter [hvgroscopic] oq s e i inine das 2.60
Water [eombined] . ..o 4.60
100.21

The Conglomerales.

Conglomeritic seams are sometimes present, especially in the
middle and upper part of these sediments. But thev econsti-
tute an insignificant fraction of the whole.  Some of the conglom-
eritic seams are associated with the <andy ledges, and theiv pebhles.
which conzist mostly of well-worn limestone, average from one-
fourth or a half inch in diamerer to two or three inches.  Else-
where we find well-worn and rounded small houlders of limestone
as well as ignenus rock [rom three to six inches in diameter, im-
bedded in the stony ledges of finer texture. The limestone houl-
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ders are sometimes partly silicified on the surface, so that thix is
protected, as it were, by a more or less continuous crust of chert.

Description of Iuposures.

South of Oak Cafion and about two and a half miles to the
southeast of Rock Hut there is a high cliff of the Chisos beds,
which here lie in a nearly horizontal pesition. Some 600 feet are
seen and the exposure shows two igneous sheets, one of which is
about thirty feet thick. The other is much thinner and in places
exhibits some vesicles like those in a lava flow. One sandy ledge
contains rounded limestone pebbles. The lower part of the eliff
exposes considerable clay but the upper part consists mostly of
sandy tuffuceous sediments with thin strata of clay.

south of Ward spring the beds dip toward the south at angles
from 5° to 35° and in the ridge between this spring and Blue
creek, in all some 1200 feet are in view, consisting of rapid alter-
nations of the main type of rock with sandy and eclavey layers.
Some houlders and streaks of gravel occur in the upper part of
this section. In the Blue creek vallev the formation rises in the
hills on both sides to several hundred feet, and they have been
carved into beautiful pillars and towers which adorn especially the
lower part of the slopes. Sandy layers are frequently in evidence
and oceasionally these contain pebbles. In the country which lies
south of the mountains between this valley and Juniper creek the
Chigos beds mostly constituie the bed rock, dipping usually at low
angles.  In the hed of the arrovo which vuns to the east about two
miles outh of Lower Juniper Spring, sandy ledges are rather fre-
quent. The more fine-grained ledges have here been altered by
the ground water to such an extent that they are sometimes diffi-
cult to recognize. Calcarcons material and quartz has been gath-
cred into pockets and coneretions which stud the surfuce of many
of the ledges in odd forms.  The upper part of Juniper valley is
eroded from the strata of thiz formation. and they form the lower
slopes of Crow mountain. AL the hase of the easternmozt spur of
this monntain a ledge of a coarse and well-worn conglomerate wag
interbedded hetween the whife siliceous strata. Rummel peak and
Nugent mountain consist of the same strata capped hy igneons
Aows.  An estimate of their thickness as shown in the cast slope
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of Rummel peak makes them at least 2000 feet and possibly 2500
feet at this place. On the north side of the mountain they appear
in the lower part of the slopes and cover the territory between
Lone mountain and Panther spring on the east, and Moss well
and Government spring to the west. In brief, we may hence say
that the Chisos beds underlie the east half of the mountains, and
extendl in a narrow crescentic helt around them on their west side.
They also appear in several places in the country southwest of the
mountain, so far out as south of the Mule Ear peaks.

Limits and Thickness.

The dividing plane between the Tornillo clays and the Chisos
beds it was not found practicable to accurately fix. Judging from
appearances there is a gradual change in two hundred feet, i om
variously colored elays through vellow and gray elays and to white
tuffaccous sands and stratified tufts. This horizon of change may
be seen two miles south of Oak spring and also near the east base
of Nugent mountain. At both of these places some irregularities
in dips were noted, but it could not lie satisfactorily ascertained
whether these were due to an unconformity or to some orogenic
displacements.  The evidence seemed to favor the latter view.
T'he upper limit of the Chisos beds is still more uneertain. Near
Oak spring and Ward spring the upper part of the formation has
heen removed by erosion. West of the Lower Juniper spring the
('hisos beds arve overlain by an igneous sheet. which lies in a hori-
zontal position, while the sirata below dip to the east. In Rummel
peak the sediments seem to contain some lava flows farthest up in
the section, but there was no opportunity to make thiz point cer-
tain. The general statement seems alone warranted at the present
time that the Chisos beds consist of at least two thousand feet of
strata consisting of highly tuffaceous seliments.

Topography.

The Chisos tuffs are more resistant to destructive agencies than
the underlying Tornillo clays and they weather less promptly.
Gullies and arrovos which drain their surface are vet far from hav-
ing reached the limit of their transporting power. and the greater
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part of theirv energy is spent in the corrosion of their channels.
And so these tuffs have a very broken topography, their surface
rvising and falling in ridlges and slopes that often curve up into
vertical c¢liffs on the outer sides ol the Chisos mountains. The
arvea of their outerop is the most picturesque part of the entire
landscape.

Life and A ge.

No foszil remaing of any kind were found in the various phases
of the (hisos beds. Dut the considerable quantity of lime present
in some of the strata and the rare occurrence of sowme Javk ear-
bonaceons clay seams indicates a probability of the existence of
such remaing jn some ledges.  Under the civemmstances a deter-
mination of their age is not possible, and their reference to the
(C'retaceous is only provisional and tentative. But it is probably
correct. There is no clear evidence of the exiztence of an uncon-
formity with the clays below, but there appears to he a gradual
transition or change from the lower to the higher beds. This change
consists chiefly in a gradual increase of the voleanic debris npward.

The Crown Conglomerate.

In the base of Crown peak at the east end of Green gulch the
uppermost sediments consist of three eonglomerates, which are in-
terbedded with strata resembling the tvpical Chisos heds. These
conglomerates measure each some ten or twentv feet in thickness,
and a great many of the pebbles and boulders are well rounded.
Most of them consist of various kinds of lavas and trap rocks, hut
limestones ave also well represented and some of these contain
fossils of Lower Cretaceous age. The strata dip here about 45°
to the north northeast.

Conglomerates of the same kind are frequently seen in large
hlocks which have come down on the slopes of the hills on the east
side of Oak creek north of Oak spring. We also find them in Ash
caiion to the west of the “Rim Rock.” At these places the greater
part of the pebbles and boulders in the conglomerate consist of
limestone. A1l are thoronghly worn and rounded, even the houlders
which measure cight or ten inches in diameter. Carboniferouns fos-
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:ils were noted in some of the houlders, hut the Lower ('retaceous
Jimestones are also represented.

Again, this conglomerate was seen at Burro spring on the west
side of Burro mesa, where it dips to the east in the hill north of
the spring and is it least forty feet thick. All the houlders are
well worn and some measure a foot in diameter. Probably the
areater number are limestone. Here. as at the other places. the
limestone houlders have been silicified or sometimes otherwise al-
tered to a depth of about one-fourth of an inch from their surface.

Boulders and pebbles of this kind are seen in several places
along the road between Castillon peak and Reed’s camp. and these
must have come from exposures of similar gravels in the region
hetween this road and the mountains,

From the fact that these gravels are interbelded with sediments
guaite identical in appearance with the Chisos beds, and since they
overlie these and have the same dips, we must suppose that hoth
are of the same age, and that the Crown gravels represent the latest
episode in the Chisos period. The further fact that the Chisos
heds have occasional layers of the same kinds of gravels, contain-
ing rounded pebbles of limestone and of igneous rocks, emphasizes
this supposifion. The gravels were probably made during the time
of the last emergence of the land from the Cretaceous sea.

The Burro (ravels and Tuffs.

Some gravels, breccias, sandstones, ani tuffs are of a later hut
tnknown age. Such are the sediments which directly underlie the
lava flows that cap the Burro mesa. and which were noted under a
lava sheet about a mile and a half southeast of the mouth of Daw-
soi ereek. The east escarpment of Burro mesa exposes near Rock
Hut several strata of this kind. which dip to the south at quite
high angles. In the arroyos that drain the mesa west of this
place, there are heavy beds of sandy tuffs associated with the lavas.
In the hills southeast of the mouth of Dawson creek. at the loecality
already mentioned, a well-worn conglomerate is seen filling a small
arroyo or stream bed, eut in fuffs and again covered with tuffs.
Upward and outward on hoth sides of the huried dimunitive chan-
nel the conglomerate runs into the sand. In the base of the west
gide of Crown mountain the edges of the dripping strata of the
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Crown conglomerate are buried under tuffs which underlie hori-
zontally the igneous cap of the mountain. Other conglomerates
and sandy tuflz of this class were noted in the hill which rises to
the southwest from Ward spring and in Burro mesa along Smug-
gler’s canon, _

All of these deposits are closely associated with lava Hows and
some are apparently interbedded with them. Their general field
appearance is quite different from that of the Crown conglomerate
and of the Chisos beds. Theyv are less regularly hedded and they
vary much more in composition and i texture.  The tulfs arve fre-
quently vellow or even red and sometimes filled with concretionary
structures entirely unlike anvthing scen in the lower beds. from
which they are separated by an unconformity. If we regard the
igneous rocks as of Terfiary age, it follows that the interbedded
sediments should be of this age also.

T'he Dugout Clays and Gravels.

On the west side of Tornillo creeck and northwest of Boquillas
there iz an oval area about fwelve miles long and four miles wide
with its longer axis extending from northwest to the southeast,
where the sediments of the ('retaceous age are covered by from
one to three hundred feet of clays, silts. sands, and gravels of a
reddish color. The finer sediments constitute the greater bulk of
the formation, as one sees it along the road to the Dugout wellz
from Boquillas. In Rice’s caiion, a few miles to the north, there
are mostly gravels. The formation riges in a flat ridge, which
extends northwestward from the Dugout wellz. Tts finer sedi-
ments resemble the Equus beds of the Great Plains and also the
Pleistocene river silts in the valley of the Rio Grande. No fossils
were found, but as the formation rests on a topography which has
lieen developed long after the cessation of voleanic activities in this
region, it must be of quite recent age as compared with the igneous
rocks of the Chisos mountains. But it iz no doubt older than the
alluvial deposits in the valley of the Rio Grande, for it lies at a
lhigher level and has itself suffered extensive erosion. Possibly the
Dugout eclays and gravele are an old alluvial drift laid down by
Tornillo ereek.
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Recent AlTuetwm and Land Drift.

The alluvial deposits consist of clay, sand, and gravel that cover
the lower flats of the streams and at times rise into level hranches
on the sides of the vallevs. It is nowhere very deep. Along the
Rio Grande it is usually a loose sandy silt, hnt there ave also finer
clays of a darker and hrownish color. These are deepest just above
the caiions which the river iz cutting through the mountain ridges
it traverses, and at points where tributaries come in from either
side. At the former places the alluvimm is silfy and has evidently
been laid down during great floods, when the water has backed up
against the narrow cafions and has stood as high as seventy [eet
above low water, or even higher. Near the junctions of tributaries
with the main stream the alluvimin is usually gravel. mostly
Lrought down by the smaller stream. A considerable deposit of
such gravel is seen along the lower course of Tresnal creek near
Solis ranch. As a rule, the alluvial deposits are not very heavy,
indicating a condition of comparatively active corrosion.

The land drift. which covers the greater part of the plains, is
usvally also thin. On Burro mesa it may reach a depth of two
bundred fect in some places, hut this is an old drift, which is now
being removed hy erosion and which must have been laid down by
an earlier drainage quite different from the present. In the ar-
royos the land drift consists of eravel and sand, which iz alternately
laid up in hanks and again torn down and rolled by the angry
water which fills their channels after heavy showers. Away
from these smaller streans it consists of silt and sand. fine enough
to be carried along by the sheet flood. and with this is an admix-
ture of pehbles, which are small enough to be slowly rolled by the
same agent. The size of these pebbles seems to bear a pretty con-
stant relation to the slope of the plain.  On the average slope they
seldom exceed an inch and a half in diameter. Sometimes there
are no pebbles, and in such places the drift is apparently accumu-
lating. Elsewhere they are so plentiful as to form a thin continu-
ous pavement, and this usunally occurs on slopes where erosion is
qnite active,
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5. Tar Texeous Rocks.

No wmore than a mention of the most important occurrences of
igneous rocks in this territory ean be attempted in this paper. My
field studies would not warrant anvthing further. Qbservations on
the voleanics were made only so far as they had a bearing on the
aeneral geological strncture. Notes on some thin sections have
heen furnished by Mr. B. Ir. Hill. who kindly examined these and
made such determinations as were possible on short notice. Tt is
helieved. nevertheless. that the hrief deseriptions hased on his
notes and on such observations as were made in the field, may help
to give a general idea of the nature of the volcanies in this region
and may be of some service to future observers.

Leneouns rocks are frequently exposed and appear as deep in-
frusives, ag laccolites, as sills, as dikes, as plugs and as surface
flows.

The Altuda Granite.

An intrugive granite boss lies uncovered over an arvea of some-
what more than a squarve mile, four miles north of Mt. Ord, sounth-
west of Altwda. It ig a moderately eoarse-grained rock of reddish
gray color. and it weathers into large blocks. sometimes twenty
feet in length. It risex in a hill several hundred feet high. The
Carboniferovs sediments which surround this hill dip away from
it and have evidently at one time formed a continuous cover over

the whole avea.
Laccoliths,

Some Jaccolites of the dome-shaped tvpe occur in the region
north and east of Terlingua. Maverick mountain is a conspicuons
instance. Tt is a mass of intrusive rock rising 800 feet from the
plain and covering an oval tract extending two miles east and west
and about one mile north and south.

The Rosillos mountaing must likewise he regarded as a laccolite
hroadly oval in form and with diameters measuring respectively
about four and six miles. This rock consists of a feldspathic
porphyry occazionally almost granitic in texture. The feldspar is
largely orthoclase and is most copious in the ground mass, which
also contains some magnetite. Augite and mica are present in
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visible erystals. The dull red tint which this wmountain shows
when scen from a distance is due to the presence of large spheroid
kernels in the main rock, which are more resistant to weathering
than the main mass and hence are left covering the =urface of the
hills.  These kernels measure from a few inches to several feet in
diameter and they weather to a dull red.

The mountains around Stillwell’s ranch north of Banta shutup
consist of another laceolitic intrusion less regular in form than that
just deseribed, but of a somewhat similar rock. In a specimen
taken from near the ranch there was a decided porphyritie strue-
ture. The ground mass consisted of feldspar. quartz. pyroxene and
magnetite. The phoenocrystz were mostly augite. Olivine was
also noticed. Tn places this intrusion is cut by dike-like traver-
sions of a lighter rock, apparently a quartz diorvite. These ikes
run in a northwest-southeast direction and are usually only two
or three feet thick. In weathering. the main body of the rock in
these hills has the same habit as that in the Rosillos mountains.

The northeast projection of the Chisos mountaing containg a
partly uncovered laccolite, which exfends over several squarc miles
in the vieinity of Panther springs. Thiz consists of a porphyritie
andesite in which the ground mass has heen extensively silicified.
and whose phoenocrysts appear to be chieflv plagioclase and angite.
The rock is fissured by joints which run N. 35° E.-S. 35° ., and
which in some places are only an inch apart. thus entting the rock
up into thin vertical slabs.

A rock of nearly the same character forms the laceolitic in-
trusives known as the Corazone peaks. but a specimen of the ma-
terial in one of these peaks from near the Marlay wells was seen
to contain some orthoclase ervstals and some original quartz. One
of these masses rises in a sharp peak, which is a thousand feet high.

The largest intrusive mass in this entire region is the so-called
“rim-rock” of the Chisos mountains. This rises to a height of
more than two thousand feet and covers cight or ten square miles
of territory. A specimen from the main mass of this intrusive.
taken above the falls in Oak cafion. may he called a quartz por-
phyry, in which the groundmass as well as the phoenoerysts con-
sist of quartz and feldspar, with a preponderance of the former
mineral in the groundmass. The groundmass was somewhat de-
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composed and there was evidence of silicification by infiltration.
The joints in the rock are close together and they have nearly the
same bearing here as at Panther spring, about N. 30° E.-3. 30° W.

Sills,

There may be some other igneous masses of a laceolitic nature,
but those already mentioned are the most important. Igneous
sills are even more common. Theze are thinner sheets that have
been injected as wolten material between the ledges of the bedded
rocks and which run parallel with these ledges, sometimes for many
miles. '

There are several different types of rock among these sills. On
the cast side of Mariscal mountain at a point about two and one-
half miles west and a half mile south of Solis’ ranch, there are
two sills in the Boquillas flags, cach measuring about five feet in
thickness. They are scparated by about forty feet of the flags.
The lower sill consists of a dioritic rock. The upper one is a
greenish black obsidian which breaks into more or less rectangular
blocks. Tt is plainly intrusive, hut along the contacts of the sheet
with the sediments there iz hardly a suggestion of change in the
latter by baking., The obsidian is almost a perfect glass except
for a few spherulites, which may he seen in a thin section, and for
some few crystals of orthoclase and augite, some of which ave large
enough to be visible to the unaided eye.

The greater number of zills consist of either of two tvpes of
reeks.  They are andesitic or dioritic. A sill of andesitic rock
is exposed in a line of hills extending to the southeast from the
east side of Terlingua creek opposite Dryden’s ranch. This «ill
is about seventy feet thick. It consists of greenish dark and heavy
reck, of moderately fine texture, fissured vertically by joints which
are only two or three inches apart, and weathering into a multitude
of round houlders, from half an inch to three inches in diameter.
In a thin section one finds that it is porpyhritic in structure, with
a very fine groundmass.  The latter consisis of pyroxene [augite 7],
plagioclase, and much magnetite. The phoenoeryvsts are augite and
plagioclase, with a few crystals of mica. Perhaps this rock may he
- regarded as intermediate hetween andesite and basalt.  Other sheets

like this, or extensions of the same sill, appears in several ridges
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to the west, to the south, and to the cast of this place and also in
the Rattlesnake mountains and on the cast =ide of Willow creck.
Another instance was noted in the Chigos Pen ridge and in the
Dogis mountain. West of the Chisos mountains, sills of this rock
have quite generally been injected among the strata of the Rattle-
snake heds.

A much more extensive =il of dioritic rock follows the Boguillas
flags on the east side of the mountains.  This sheet is particularly
conspicuous on the west gide of the Boquillas ranges north of Still-
well’s ranch and about three miles east of Mailbox tank. At a
point about four miles east and one mile north of McKinney’s
spring thiz sill is some fifty feet thick. 1t is a dark, coarse-grained
rock with nearly one-half of its hulk consisting of augite. The
feldspar is prevailingly orthoclase. Magnetite iz abundant. and
the sand in the arroyos which cut the sheet is often black from
the abundance of its magnetite grains. Pyrite is alzo present,
especially in the lower two feet of the sheet. when freshly exposed.
Olivine was noted, and in a thin =ection it was seen to he changing
to serpentine. _\patite is present in a sheet of the same character
and in the same beds high np in the Chisoz mountains abont a
mile west of Emory peak.  Along the west side of Mariscal moun-
tain we have apparently the same sill. but here it is often consider-
ably altered. The olivine iz mostly changed to serpentine and the
magnetite to hematite or limonite. A sheet which covers a hill
Iving about three miles northwest of Dugout Wells and northeast
of Nugent mountain consistz of a more acidie rock which lacks
distinet groundmass and contains much magnetite. The feldspar
iz mostly orthoclase and there iz some quartz. The sills in Tone
mountain and in Grapevine hills are of the same nature.

Diles.

Three specimens may he taken as types of the dike-forming
rocks, One is from a dike about four miles east-sontheast of
Reed’s camp on the Rio Grande, south of the Chisos. This is a
porphyry of dark color. The phoenoerysis consist of a few but
large feldspar crystals, mostly orthoclase, and a mineral resembling
acamite, There are also crystals of augite. The groundmass is
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of ophitic texture, partly of the same minerals as the larger crystals.
hut containing also apatite and magnetite.

Another specimen iz from the system of dikes which radiate
toward the southeast from Christmas mountains. This may be
called a hasic andesite. Tt is a Jdark rock with a fine, almost
felsitic groundmass. conszisting mostly of plagioclase and magnetite.
Its phoenocrvsiz are quite large and consist of plagioclase, angite.
aud magnetite.

The third specimen iz from one of three dikes near Ward spring
and may bhe called a guartz porphyry. There are several dikes of
this kind in the foothills of the Chisos mountains. Three cut the
Cthisos bheds to the southenst from Rock Hut and extend toward
Ward spring.  This specimen is a highly siliceous rock, quartz ap-
pearing in the sroundmass as well as in the larger erystals. In
another wpecimen from the same dike quartz anid feldspar was seen
o be present in about equal proportion. Several dikes of the same
nature follow the same trend to the southeast of the mountains.

Plugs.

A sharp-pointed butte locally known as the “hlack peak.” which
rises from the plain about four miles northeast of Box spring. is
clearly a remnant of a vertical plug-like intrusion. Tt may or may
not have been connected with a voleanic vent. Tt is an almost
perfectly black porphyry, which in many respects resembles the
rock of the dioritie sill intruded among the Boquillas flags east of
Tornillo creek. Tt consists almost entirely of plagioclase. mag-
netite. and augite, and these minerals make up the visible erystals
as well as in the groundmass, Olivine i= an aceessorv mineral.

Surface Flows.

In the upper part of the Chisos beds there are some igneous
sheets which evidently are interbedded with the strata of the for-
mation. They may have heen flows on the shores of the waters in
which these beds were deposited. These sheets lie parallel with
the strata of the sediments and at the same time exhibit vesicnlar
struefure. The heavy sheet in the high hench east of Ash spring
and north of Oak spring appears to he of thizs kind. .\ specimen
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of this rock was seen to have a porphyritic structure with some
very large slat-like erystals of plagioclase in a fine grained and
even felsitic groundinass. Magnetite is present in considerable
(uantity and there is a filling of a green structureless mineral not
unlike chlorite. which lies in many interstices among the other
minerals, especially in the basal part of the sheet.  This rock forms
a sheet more than a hondred feet in thickness. and it extends as a
vertical cliff a distance of at least a half mile in the side of the
" anouniain.  Between Oak spring and Ward spring other thinner
flows with vesicular structure lie in the whire ledges of the tufl-
aceous sediments.

The lava sheet which forms fhe peak of Mount Emery is a quartz
porphyry with a matrix which is occasionally almost glasey, ex-
hibiting spherulites. The specimen examined had evidently been
silicified through secondary changes. The flow which surmounts
the high mesa to the southeast of thiz peak iz of the same nature.

There are other flows of still greater extent in Burro mesa. In
the north point of this mesa no less than five flows appear in the
north escarpment, and these dip fo the zouth. Tufls are -inter-
bedded with these, some of which have a fine compact texture, while
others grade through voleanic =ands into breccias. At a point
about a mile southwest of Rock Hut one lava sheet appears, which
is only a few feet thick. Its upper surface is checked by eracks.
an inch wide and from six to seven inches apart, and these are
filled with voleanic sanid. In Smuggler’s cafion on the west side
of this mesa, the sheet which is exposed in the hrink of the falls is
a hard felsite, and thiz rests on a soft and vellow voleanic sand.
A half mile east of this place some lavas contain occasional small
streaks of black obsidian with incloxed large crvstals of feldspar.

Varions other surface flows are to he seen southwest of the
(C‘hisos mountains, One was observed dipping at a high angle with
the sediments in the north part of Green gulch.

D. GEOLOGICAL STRUCTURE.

The country traversed lies hetween the Southern Pacifie Railroad
and the Rio Grande river in the longitude of the Chisos mountains.
Only a few days were spent in that part of this tract which lies
north-of 29° 30" north latitude. But here T found structural fea-
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fures of such unusnal interest that I ean not pass them by without
mention. These have been in part deseribed hy R, T, Il hefore
thiz.  The arca as a whole i: traversed diagonally from north
northwest to south =outhenst by the southernmost extension in the
United States of the great Rocky mwountain fold. This mighty
svstem of mountains is here rvepresented hy a narrow and sharp
and for the mozt part single fold. less than two miles wide. Tt is
known at the north as Altnda mountain. at the south as the Car-
men range, and hetween these two as the Ovd and the Santiazn
ranges.  East of the line of these ranges the great plainz have
their beginning, though they here more resemble a platean.  On
the west zide we meet with the tvpical structure of the Basin region.
and this ig eonfinued westward beyond the limits of the State.
Nertihv of Altuda the structures representing the Rocky mountains
flare out and apparently soon have a width of many times three
miles. With the bheginning of the Carmen range on the south
there is again an abrupt inerease in the width of the continental
“backbone” and this increase js continued into Mexico.

The question at once suggests itself: what caused this principal
crest of the great mountain range to contract to such insignificant
dimensions hetween Altuda and the Clarmen range? T believe that
the right answer to this question iz to he found in the fact that
the Rocky mountain axis here crosses. almost at right angles, an-
other and much more ancient mountain svstem represented by the
Caballos ridges.

E. THE CABALLOS RIDGES.

The town of Marathon lies near the center of a triangular plain.
which extends for about fifty miles to the northeast from the Ord
range. Against this range the plain abruptly terminates on the
west. On this plain the Cretaceous sediments have heen entirely
removed and the ancient floor, on which these were laid down and
which they once covered, is now bared. This floor consists of
sharply folded and highly tilted strata of Palaeozoic sediments.
All around the plain the slightlv raised edges of later sediments
form a well-marked escarpment. The folds of the older strata
frend in a northwest-southeast direction and extend the whole
length of the plain. They exhibit such regularity and persistency
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of direction that they have all the appearance of being a small part
of an extensive system. Their axes point on the one hand straight
ic the Solitario uplift, which is forty miles distant to the south-
west, and which exposes similar sediments, wilerlying Cretaceous
gtrata, folded in nearly the same trend. In the opposite direc-
tion the folds point toward the Ouachita system of mountains in
Oklahoma. Prof. R. T. Hill, who has described these ridges,” he-
lieves that this folding was produced contemporancously with the
great Appalachian movements in the eastern part of the continent.
His observations ave given in the following words: *“These (the
(‘aballos ridges) are low ridges of Palaeozoic rocks rising from the
floor of the Marathon plain south of the Comanche mountains.
They are composed of the degraded vertical edges of Palacozoic
limestones, shales, and cherts ocenrring in closely folded, buckled
ridges, trending northeast and southwest. The cherts are often
white in color and over 100 feet thick, and forin the backbone of
long, low ridges, such as the Pefia (‘olorado, oceupying the low area
between the Santiago Sierra on the west, the Glass mountaing on
the north, the Maravillas Platean on the south, and the Stockton
Platean on the east. Caballos Sandia. a heautiful hill of white
chert about 15 miles south of Marathon is the highest of these
summits, and rises about 1000 feet above the plain to an alfitude
ol about 5000 feet.

“The Caballos and Glass mountain are exposures of ancient post-
Palacozoic structures of Appalachian tyvpe and age, which have
ieen revealed by the erosion of the Cretaceous sediments that prob-
ablv once embedded them.”

The same author says of the Ouachita mountains®* that these
“are in general old and represent the remnants of once more lofty
and extensive ranges, which have undergone degradation since early
Mesozoic time.”  While there is probably no continuity between the
(‘aballos folds and the Ouachita svstem there scems to be good
ground for the belief that they were made at the same time. The
(*aballos ridges were made and cut down by erosion during the time
which clapsed between some period (probably the late Carbonifer-
ous) of the later half of the Palacozoic era and the beginning of

*R. T. Hill, Physical Geography of the Texas Region, U. S. Geol. Surv.

Topographic Atlas of the U. S., Folio 3, p. 4.
“*Reference as above.
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the Cretaceous age. They no doubt furnished a part of the ma-
terial in the making of the Triassic and Jurassic deposits clse-
where.

It was after the ("aballos ridges had heen cut down to almoest a
peneplain and after this peneplain had been buried under all but
the latest Cretaccous sedimentz. that the movements hegan which
resulted in the making of the Rocky mountains.  LFolds and faults
were made, which crossed diagonally the axis of these earlicr (lex-
ures.  Now it seems clear that where a fold is developing along an
axis which crosses a belt that has been previously compressed and
folded in a direction more or less vertical to the axis of the later
disturbance, the belt so affected will less readily yield to the forces
at work than the couniry on cither side. TIor on either sile of
such a system of folds the strata lie more nearly horizontal, while
they stand edgewise in the folds. One can easily bend a block of
paper in a direetion which is vertical to the plane of the sheets,
but not in a direction which is parallel with this. Rather than to
hend in this dirvection the sheets will hreak.,  Befween Altuda and
the Carmen range the rigidity of the folded Palaeozoic strata
cansed them to hreak in a single sharp dislocation forming the
suntiago and the Orl ranges, rather than bend into scveral folds
or fissures by several smaller faults as scems to have happened on
cither side of this helt of the ancient mountain structure.

F. OVERLAP OF THE CRETACEOUS=.

Another structural feature due to pre-Cretaceous mountain
making in this region is the evidence of an overlap in the basal
strata of the Cretaceous formation. ‘'he natnre and extent of the
overlap is not known, but there is no doubt that it exists. The
base of the Lower Cretaceous at Altuda docs not include a con-
elomerate which is a pronounced feature of Persimmon gap and at
the Cienega mountain. The same conglomerate is also absent in
the Solitario, which, as already stated, lies on the axis of the
(faballos uplift but it reappears at Shafter. which is to the west of
this. It is evident that the old mountain axis still stood somewhat
higher than the countryv on either side of it. when the Cretaceous
sea was advancing, and in this way its lowermost sediments are
present on the flanks of the uplift but not on its highest elevations.
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G. THE ROCKY MOUNTAIN UPLIFT.

As already stated. the structure which represents the Rocky
mountain uplift in this region consists of the Ord, the Santiago and
the Carmen ranges. In general the line marked by these ranges is
a line or belt of displacement, to the west of which the ground has
sunk, and to the east of which it has been clevated. Farthest north
the displacement is most gentle. West of Altuda the limestones of
the Carboniferous age and the Lower Cretaceous limestones dip to
the west at angles of most frequently about 15°. until in about
three miles they disappear under the eruptives. Farther south the
dip west of the face of the Ord range hecomes more steep and prob-
ably changs to a fault. At Persimmon gap in the Santiago range
the main Lower Cretaceous limestone is thrown into an abrupt
fold with a nearly vertical dip on the west side and a fault on the
cast side with the downthrow to the east. Dvidently the range
was here originallv a sharp anticline. which fractured on the cast
gide. On the whole, the range here involves a displacement. along
which the terranes lving on the west side have heen let down at
least 2500 feet more than the terranes on the cast, while the nar-
vow hlock which forms the ridge has been elevated some 1500 feet
more than the latter. At Dog cafion, which cuts across the range
at a point about five miles farther south, the range is clearly a
compressed fold, in which the ledges of the Lower ('retaceous lime-
stones now stand in a vertieal position. The areh of the fold has
heen fractured and removed hyv erosion and its base exhibits even
a fan structure due to lateral compression. Eight miles south of
this point the Carmen range hegins. This iz clearly a continua-
tion of the dislocation we find in the ranges to the north. hut the
lateral thrust has here given rise to a number of folds of more
gentle build. The downthrow to the west is quite as great but
less abrupt, and the faulting is more frequent. but nowhere is vio-
lent. This condition gives a hint as to the location of the pres-
ent course of the Rio Grande. .\ stream which backs across
the lowest sag of a developing moutain crest will naturally out-
strip other streams in capturing tributaries. It has less cutiing
to do at the start, and after a larger drainage area has once heen
acquired, the greater volnme of water is likely to insure the re-
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tention of the advantage gained, eveu if conditions at first existing
should be reversed, as they arc in this case. At present the Carmen
range is higher than the south part of the Santiago range, and it is
several times az wide, but it must have been the lowest part of the
Rocky mountain fold in this region at the heginning.

H. THE GREAT TERLINGUA FAULT.

At the mouth of Terlingna creek the Rio Grande crosses a great
fault, which runs a course about N. 36° W. for some ten iniles
north of the river and at least as far to the south of the river. At
this point the total displacement is about three thousand feet. This
decreases az we follow the fault northward and it increases for
some distance when followed into Mexico. The fault is marked
by a high escarpment, facing the east. This is caused by a rise
of the Lower Cretaceous limestone above the present plain of
erosion of the more readily vielding clays and marls of the Upper
Cretaceons sediments. This fault clearly illustrates a feature re-
cently deseribed by Keves.® The friction against the rising hlock
has been sufficient to abruptly bend upward -the edge of the more
flexible strata on the side of the downthrow. On the face of the
sreat escarpment south of the mouth of the Grand canon a thin
block of the limestone measuring several hundred feet in length.
is rotated in the plane of the fault in such a manner as to suggest
that one end of the block has been held down by the sunken block
while the other has been more free to follow with the great wall
from which it has heen disengaged by a fracture.

[. THE SUNKEN BLOCK.

If we limit the Chisos couniry to the region lving hetween the
ranges representing the Rocky mountains on the east and the great
fault at the mouth of Terlingua ercek on the west and regard it as
extending from the Rio Grande river on the south to the Corazones
and the Rosillos mountains on the north, we may say that it covers
a part of a sunken block, which measures about thirty-nine miles
from east to west and which has settled from four to six thousand
feet below the level of the terranes on cither side.

“Journal of Geology, Vol. XIII. No., 1; p. 68.
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While this block clearly maintains the nature of a structural
unit, it has itself suffered extensive and in places violent delorma-
tion by faulting and folding. These deformations are =0 numerous
that a detailed account of them is out of the guestion at this time,
thongh there is no doubt that it would throw important light on
the nature and the distribution in time of the orogenic forces
which have been at work in this region. But it has heen necessary
te Limit attention to a few of the more =alient features.

1. PFarrrs.

To the northeast of the Rattlesnake mountains several nearly
vertical faults cut the almost horizontal strata into narrow blocks.
Two of these are on cither side of an elevated block which appears
in the north bank of Terlingua creek about a mile south of the
mwouth of Dawson creek, The downthrow on either side is at least
two hundred feet. The creek turns and follows the east side of
this block for nearly a half mile above thizs point. Both faults are
vertical and both show the edges of the strata on either side turned
up against the fault plane as by friction against the raised walls,
Their course is about N. 22° W. and the distance between them ig
about 900 feet. Within a mile. as we go east, are two more faults,
parallel with these. These have the downthrow to the cast and in
the case of the farther one thiz amounts to several hundred feet.
They bear about N. 14° W.. and apparently continue for several
miles,  These four faults arve cleavly genetically related, lving in
one parallel system, and this svstem continues for at least a few
miles south and two or three miles north.

The east side of Burro mesa iz another fault-line. which extends
from Rock Hut to south of Blue creck in a direction about N, 5°
W.o with the downthrow to the west. Thiz mesa is a block whieh
has settled deeper than any other part of the great sunken (‘higos
country. and as a consequence the lower members of the great lava
complex which onee covered the entire conntry has =0 far escaped
destruction hy erosion. It has let these down zome two thousand
feet helaw their former level on either side. and southwest of Ward
spring they are seen to Jie against the (hizos beds,  The west side
of the mesa i a monocline where the Chizos heds rapidly rise from
umder. as we proceed in that divection.  Between the north end of



82 Bulletin of The Univevsity of Texas.

this mesa and the south end ol the Christmas mountain is a helt
where disturbanees are frequent. At a point about three and a
half miles south and one mile east of Christmas spring, an arroyo
locally known as Cottonwood creek crosses a lault which runs a
course nearly due north and south and which has a downthrow to
the west of not far from two thousund feet. [t brings the Tornillo
clavs down to the level of the base of the Terlingua beds, and it can
he traced for nearly two miles, hut it scems to turn to the west
farther north and to hecome continuous with a great fault which
follows the west side of the Christmas mountains,

Ta the southeast of the Chizos mountaing and erossing the Rio
Grande there arve several faults which hear nearly due north and
south.  Thus hetween Marizscal and San Vincente mountains there
is a hlock about one and one-fourth mile wide, which has heen
dropped down {rom one to two thousand fect. It is marked oft on .
the west by a vertieal faulted wall forming the east side of Marizeal
meuntain and on the east by a fault which crosses the river di-
reetly east of the Solis ranch. Another fault crosses the river to
the cast of the village of San Vincente and from there it runs
almost due north. passing on the west side of the T, 8. henchimark.
liaving an elevation of 1881 feet. Three miles farther north it
passes just to the eazt of the henechmark with the clevation of 1925
feel.  The downthrown in this case iz on the west side. and it
measures somewhere from 300 to 1000 feet. decreasing to the north.

North and northeast of the Chisos iz a group of faults which
have the same general trend as those on lower Terlingua ereek.
One of these is the Muskhog spring fault. Tt runs S. 23° E. and
points straight in a continuous line with the west line of the first
fold of the Carmen range. At Muskhog spring the Rattlesnake
heds have heen lowered by this fault to the level of the upper ledges
of the Boquillas flags, against which they now abut. The down-
throw is to the west. This fault is one of the best developed de-
formations of its kind in the country. and it was traced for several
miles. Two small abrupt folds with {he same {rend follow it in
the vicinity of the spring. at a distance of some two hundred vards
to the cast. These folds are next to another smaller fault which
brings up the lower ledges of the Boquillas flags. Several faults

- with this trend ent the ground in the mountains around the Still-
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well ranch and the Rosillos mountains are rent by at least three:
one to the east and one to the west of Stroud’s ranch and one in
the arroyo of Cottonwood spring. The latter, which is rather a
fissure, extends southeast across Tornillo creek and through the
Grapevine hills, where it clearly is compound and has let down a
small block, cutting the sill which caps these hills,

Tt will be noted that the trend of the axes of the displacements
so far described is more or less parallel with the sides of the sunken
Chisos block. Some faults have heen noted which run a course
that is vertical to this direction. At a point about one-half mile
north of Muskhog spring, three faults, which are not two hundred
feet apart, bear W. 10° S.-E. 10° N. A thin block is raised some
three hundred feet between two of these faults, and the third one
[the one farthest south] has the downthrow on the north side. To
the southwest of McKinney’s spring a fault cuts across the igneous
sill at its north end. An unusual form of faults was seen on the
north side of Cuesta Blanca. Here the Rattlesnake beds have
heen let down to the level of the Boquillas flags along a line which
is concave to the north but otherwise has a general direction from
cast to west. On the south side of the Rosillos mountains an east-
west fault’ runs about a mile south of Stroud’s ranch. But the
most singular of all faulting in this entire region was noted in
Grace caiion about half a mile northeast from the McKinney and
Parker mine. A block, about 300 feet square, has been let down
some 500 feet, so that the Rattlesnake heds, which compose it, lie
against the lower part of the Terlingua beds. The fault marking
the outside of the hlock is distinet enough to he traced with the
point of a knife.

In general, it is true that the faults whose trend is vertieal to
the direction of the axes of the principal dislocations have an
irregular development. This may be taken as an indieation that
the making of some of these was incidentally the result of the
forces which produced the faults trending N. N. W.-8. S. L.

2. Foups.

But a very small part of the sunken Chisos block, if any, has
not been affected by folding. The sediments only execeptionally
lie horizontal. Even when apparently undisturhed, they are usually
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found 1o be tilted a few degrees in some dirvection.  The most fre-
quent dips ave from 10° to 30°. A\ detailed representation of
these deformations would show a nwmber of svnclines, anticlines,
and monoelines of varied length, mostly trending in a northwest-
southeast direction, '

Among the disturbances whose trend ig parallel with the great
structures of this region we find an anticline west ol the Rattle-
snake mountains. It is fully three miles wide.  The west zide of
Burro mesa exposes a belt of Upper Cretaceous sediments which
dip a little novth of enst. Along a line that points about 10° east
of south from Indianola peak runs the axiz of another anticlinal
fold. Several folds of unknown extent are in the country hetween
the Chizor mountaing and Boquillas postoflice; and all appear to
have a northwest-southeast trend.  An extensive syneline with the
game trend has its axis about midway between MceRKinney’s spring
and Neville spring.  Bapta Shutup iz on the southwest periphery
of the south half of a quaquaversal, and this may be the south
end of an anticline extending northward. TFor three miles to the
southeast of Maverick mountain the dip is quite uniformly to the
zouth and southeast. The fault on the cast side of Burro mesa
marks an axis from which the strata dip away on either side.  Thiz
anticlinal feature of the fault appears ar a point west-southwest
from Ward spring in the north =ide of a high butte. A similar
anticlinal arrangement iz =ecn in Cottonwood creek. a mile west
of Chisos Pen.  The block on the west side dips west at a low
angle. and the block on the east is tilted away from the fault first
gently and farther out more rapidly.

Many folds trend in various other divections. Hayes ridge.
which forms the easternmost spur of the Chizos mountains. is an
anticline ending nearly east and west. North and northeast of
Mos=s wellz the Chizos beds dips to the north. and south of Paint
Gap hill the Ratrlesnake beds often piteh to the south.  Changes in
direction and amount of piteh ave frequent and often rvapid.  The
entire sunken block iz hroken. folded, and rwisted in an almoest
hewildering complexity and the manifold attitudes of the sedimen-
tavy strata defy brief detailed Jdeseription. .

I we divide the great sunken hlock into two halves by a straight
Iine extended midway hetween the Rocky mountain fold and the
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face of the great Terlingua cscarpment, and nearly parallel with
the latter, we will find that this line conneets the three greatest
deformations affecting the block.  These are the Chreistmas moun
tains at the north, the Chizos mountain uplift in the middle and
the Marizcal momntain farthest south.

3.0 Cronstaras Movsrars Foup,

As seen from the south end, this mountain is an elliptic dome-
shaped upiift a little more than three miles long and not quite
two miles wide, with the longer axis extending N. 567 WS, 3567
5. The Lower Cretaceous limestones are raised 2200 feet above
the surrounding plain and arve Jifted 3300 feet above their position
under the Upper Cretaceous sediments on the =urrounding plains.
The dome is fractured on the west gide by several faults and has
here an abrupt slope. which in places s a vertical scarp. On all
sides it has suffered considerably hy erosion. hut the form of the
dome s #till quite apparent.  In all probability the uplift iz due
to an introsive mass which i= nowhere exposed hut lies concealed
under the folded limestone strata that yver forms the roof of the
dome. At the zouth end the principal fanlt, which i marked by a
vertical cliff, iz associated with an extensive lissuring of the lime-
stone. and the fissures are filled with large quantities of caleite.
These fissures have the same trend as the fault.

Lo Tor Magiscan. Morstary Forn.

From the top of Mount Emery two long mountain ridges may
he seen to the sontheast. extending north across the Rio Grande
from Mexico.  One of these, Iving farthest cast. iz called the San
Vincente mountain. Tt stopz nearly zhort of the international
houndary and the river hag just hegun to ent into itz north foot-
hills.  The other iz known as the Marizcal mountain and this
pushes its north end across the Rio Grande nine wiles into Texas.
The river has cut a cafion diagonally across this ridge and this
canon is 1400 feet deep at the crest of the rivlee.  The ridee is an
unsvimetrical fold. whose west limb has in places heen tilted into
i vertical pozition and whoese ecazt limh iz mueh less inclined but is
abruptly faulted at it east end. farthest to the =outh. Severai
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minor faults cut the limbs of the fold. The ridge comes to a cus-
pidate point at its north end. At its widest place the ridge meas-
ures about three and a half miles across. It consisis entirely of
the Lower Cretaceous limestones, hut the Upper Cretaceous beds
have alzo been involved in the uplift, as their dips adjust them-
selves to that of the fold over a belt from one to three miles wide
on all sides.
5. THre CHisos MovxraiNs Forn,

The most violent of the deformations of the great sunken block
i~ an abrmpt fold caused by the intrusions ol the “rim-rock™ of the
(higos, and this may be regarded either as an enormous plug or
a» an unusually high laccolite. The evidence is inconclusive in
regard to which it most resembles.  On the west side the Chisos
beds lie nearly horizontal. As we follow them up to the greati
igneous masy, we find them thrown into small but abrupt folds
close to the vertical wall of the mountain.  On the south side the
game relation is maintained: the sediments run up abruptly against
the igneousz mass. But on the east and on the north sides it iz
different.  Here the zediments have been clevated and they rize
from the east in the form of a half arch. which bends over the top
of the “rim-rock,” and from the north they rvise along a sharp
contact, which stands at an angle of 75° from the horizontal. This
attitude of the sedimentary rocks on the east and north sides is
decidedly like their habit around laceolitic intrusions. but their
position to the south and west. where there iz no regular tilting.
i much more like the behavior of stratified terranes around plugs
o near (like-like intrusions. The fact that thiz igncous mass has
Leen seen fo take on a breceiated structure in one or two places
[as at a point about one mile west of Lagnna] favors the hypoth-
esiz of a volcanie vent.  Such a theory wonld also explain the pres-
ent physiographic feature of the mountains. for a voleanie cone
would natnrally effectively retard the erosion of the country it
covered and cause thiz to stand higher than the surrounding coun-
trv for a long time after the cone itself were earried awav by
erosion.  But even on thiz theory the south “rim-rock™ may be
regarvded as to some extent laceolitic in its nature. For it is very
well known that molten magmas may =top short of reaching the
dop of their vent and may find their way ont far down under the
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surface and form intrusive inasses more or less distant from the
source of the supply. If a vent should form over a sharp fold the
underground stresses might very well be such as to favor the ae-
cumulation of an intrusion near the veht itself and close to the
lold, ov even within it. The fissure through which the molten
mwaterial escaped may have heen under the west side of the “rim-
rock.” At the south it was then forced in under the Middle Cre-
taceous sediments and these were elevated, but at the north the
intrugion which forms the north “rim-rock™ apparently found an
outlet at a higher level and perhaps on the concave north and
upper side of the flexure produced by the uplift to the south. This
intrusion, or other intrusive flows from the same source, appear
to have been forced far out under the latest Cretaceons sediments
to the north and east. Lvervihing considered, this seems to the
present writer the most probable structure of the Chisos moun-
tains.  The whole round cluster of peaks, including an arvea ten
miles in diameter, iz a remnant pedestal under a voleanic pile,
protected from erosive destruetion by the endurance of the ancient
cone, which once covered it and is now all hut wholly removed.
The two “rim-rocks™ and other scattered laccolitic masses are the
roots of the cone itself, or. to carry the comparison farther, they
are tuberous swellings on these roots. now more or less uncovered
Ly erosion.  What we find in the Chisos mountains today is then
the structure developed at a depth of several thousand feet under
the surface of ancient lavas. These lavas were at least in part
forced up through fissures in the strata which are now exposed.

J. SUMMARY O GEOLOGICAL HISTORY.

The earliest record known is that of an open swa. during the
Trenton age, on the bottom of which zea calcareous sediments and
fine mud were deposited.  Marine conditions continued, whether
with or without interruptions i= not known. until near the end of
the Carhoniferous age or posibly somewhat later. Then a dis-
turbance occurred which resulted in the making of a folded moun-
tain range, whose axis extended in a northeazr-southwest direction
an unknown distance hevond the limits of the ridged plains now
surrounding Marathon.  During the time which elapsed after the
making of these moutains and until the beginning of the ('re-
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taceous age—essentially during the Triassie and the Jurassic ages
—this mountain range was reduced almost to a peneplain. so that
when the Cretaceous sea advanced the old folds did not vise much
above the rest of the Inm\?pl‘uh:lhl.\' not more than a few hundred
feet.  The Cretaceous sea endured for a long time. At fivst on
open and wide ocean held its =way and on its bottom heavy deposits
ol caleareons mwd and ooze settled.  In time the waters hecame
fes deep and the sediments gave indications of a slowly approach-
ing zhore line. az they changed to marls and clays,  Distant vol-
canoes on the ver distant land occasionally mingled theiv ashes
with the elays of the sea.  Later on the shore line came near.  Clay
and =and and sometimes even gravels and vegetal accumulations
were laid down.  An equilibrivm was maintained for some time
between the forees tending to elevate and those tending to sink the
lanl.  The latter prevailed =0 far ax to make possible a practically
continuous addition of littoral deposits, thronghout the Rattlesnake
and the Tornillo periods. These heds do sometimes exhibit minor
unconformirties without tilling. due perhaps to the making and un-
making of low hars and izland=. . Thev can hardly have any other
significance.  Voleanic eruptions hecame more frequent and also
less distant in place. as shown hy the greater frequency and thick-
ness of occasional ash beds. At last these materials hecame copious
and largely exceeded the other ingredients of the deposits of the
sea.  Land waz evidently neav. if not right heve.  But the hottom
of the =ca continned to sink under the weight of the Chisos tuffs,
Meanwhile many new voleanie vents were opened and thev some-
times emipried their contenis under the waters of the sea as weil
a: on the near lands.  New mountain folds were alrveady forming.
involving the carlier limestone formations of the age. for worn
pehbles of these are found in the Chizos heds. The making of the
Rocky mountaing had now hegun.

At the end of the Cretaceous age. or perhaps during the carly
part of the Tertiavy age. the sea receded and an extensive land
rose to take its place. There were voleanoes and mountain folds.
Molten magmas were injected among the sediments and poured
out over their surface.  Blocks of sediments whose dimensions are
micasured in miles. adjusted themsclves to orogenic forces into most
varied pesitions. and were folded and fractured promisenounsly.



The Gealogy of (he Clhisos Country, 89

This mountain-making period continued through the greater part
of the Tertiary age.  With the gradual cessation of voleanic dis-
turhances, destructive forces attained to the ascendency and these
lave sinee reduced the forinerly mueh higher wountains and
plateans to their present condition,

K. MINERAL RESOURCES.

So far. cinnabar is the only material i this region which has
proved to he of cconomic importance.  The mining of quicksilver
is now an cstablished industry in Brewster coumty.  But silver and
coal have alse heen found.  Attempts at the mining of silver have
1ot heen entively disconraging and the mining ol coal on a small
scale, to supply the local demand for fuel. may prove profitable,

1. QUICKRILYVER.

It i= proposeld to here briefly sfate such geaeral conclnzions re-
carding the occurrence of the quicksilver ore as now zecm to be
clear.

The Big Bend mine explovations now (1904) show that the ore
oectrs in a dike of andesitic voek as well as in the fissures in the
C'retaceons shales and limestones surronuding the intrusive. The
dike = i common with other such structures when injected into
=oft sediment=. irreeularly developed. rmuming ont in a short dis-
tance when followed to the west and changing into a =ill above.
It iz a filling in an irrecularly developed fault and the ore iz in a
place where the ground water or the mineralizing solution follow-
ing the dike upward would he impeded. consequent upon a change
af route.

It will he remembered from carlier veports of this survey that in
the Marfa and Maviposa mine il in the old Terlingua mine much
of the ore has come from hreceiated fissures in the upper surface
of the Edwards lmestone.  Thiz was originally directly covered by
the next to impervions Del Rio elay, which at the present time is
mostly removed.  Evidently in this ease. alsa. the ore was pre-
vipitated from rising solutions at a level where these were hemmed
in by the impervious cover of the clay. As cinmabar has heen
found in this mine alza in a porphyry, the ore iz in that respeet in
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a situation quite similar to that at Big Bend. 1f the mineralized
solution followed the course of a body of an intrusive in the lime-
stone it would he likely to have a comparatively open and unim-
peded passage along this intrusive, as long as thix traversed the
limestone. Yor in limestones dikes are quite uniform in their
development. But reaching the overlving clay the solution would
find the dike less regular and the clay also would hinder its ascen-
sion. The solution would naturally follow the upper surface of the
limestone and precipitates would find lodgment in its fissures un-
der the clay.

This theory finds verification in alomst every instance of known
ovcurrence of ore in this territory. In the region of the Colquitt-
Tigne mine, where the ore ocenrs in fissures in the Boquillas flags,
it has been observed that the veins are occasionally enriched im-
mediately vnder the more argillaceous strata which these flags con-
tain.  In Christmas mountain, where einnabar was discovered last
suminer, it iz likewize associated with a dike of andesite and is in
a fissure in the uppermost ledges of the Tower Cretaceous limestone
near the summit in the dome. There can be no doubt that this
limestone was covered by the more impervious sedimenis of the
Middle ('retaccous at the time the ore was deposited. Thus the con-
ditions here would be like those at the Marfa and the Mariposa mine
and the old Terlingua mine. The rizing solutions deposited ore on
encountering a more impervions overlving formation. Again in
Marigcal mountain, at Lindsey’s claim. we find the ore at the
same horizon, and likewise on the crest of a fold. At this place.
as on Christmas mountain, the Del Ilio clav is absent. hut the base
of the Boquillas flags is still left and ore occurs in seams hetween
some of the ledges of this formation. In one of the openings made
a small offshoot of an andlesitie dike was followed hy a thin stringer
ol cinnabar on itz upper surface. These ocenrrences show that the
fracture produced hy the oftshoot has served as a conduit of the
wineralized solution and that precipitation has occurred at a place
where it met with resistance in its slow upward percolation along
the small “stringers” of the dike and in the less pervious sediments
by which the stringers of the dike arve surrounded. In one of the
openings in the Boquillas flags on the north end of the mountain
there were three seams of einnabar ahout one-fourth inch thick and
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twenty inches apart, following joints which cut the sediments run-
uing transversely to the axis of the mountain.

Another circumstance points to the correctness of the same view.
This is the fact that the principal ore deposits have been discovere:l
on crests of anticlines or else on lines of changing dips, where the
flexures are convex upward. The deposits on Christinas mountain
and on the north end of Mariscal mountain are examples of the
former instance, and the ore at the Marfa and Mariposa mine, that
in the Chisos mine., and that on the east side of Mariscal mountain,
illustrate the latter mode of occurrence. This last mentioned oc-
currence is at a point about three miles west and one mile south of
Solis’ ranch. The cinnabar is here, as elsewhere, frequently in
and near a dike. The dike in this instance cuts the lower edges
of the Boquillas flags.

According to this view of the origin of the ore, we shoud expeect
the principal deposits to lie in places toward which ascending cur-
rents have converged, as on the “hips” and crests of antielines.
The presence of cinnabar in the intrusives iz due to impregnation.
which has introduced the cinnabar as a secondarv mineral. We
have seen that profound changes have heen effected in this manner
in other volcanics of this region. There is all the more reason to
regard the quicksilver ore as a secondary deposit, for we alwayvs
find the rock altered in a peenliar way in the vieinity of the ore
deposits.  The exact nature of this alteration is not known, hut it
causes the dikes to weather with a characteristic bleached vellowish
color. different from that which characterizes the same weathereld
rock in its usual condition. This bleached appearance of the
igncous rock happens to be especially well shown near the two min-
eral localities on the east side of Mariscal mountain. It is notice-
able in some places where cinnabar iz not known to exist. One
instance of this sort was seen at a point ahout three miles west and
ene mile north of Mailbox tank. at the east foot of the Rosillos
mountains.  An intrusive here weathers to a resemblance of the
dike associated with the einnabar in the Christmas mountains.
But an analysis of the rock failed to show the presence of any trace
of the mineral. This analvsis i= as helow:
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Analysis of an allered igneous rock from the east side of the
Rosillos Mountains*

e 7 B T I G200 per cent.
ANy o sienEsEs BEs iR R TER BT e 1549 per cent.
LOVRICORITE 1o smmmnresmimssmps e mm s s s (.00 per cent.
FerEf0 R0 cnwmemmevenns wwamrsmmmsegs 1.08 per cent.
XPOPNEEHL oy sl pORsTRERISE VESG 0.10 per cent.
Lime . oo 1.78 per cent.
DO ssmrmmsmer s meme ) S EEs 5.10 per cent.
PORASIE con s mmrsnia i s S Tan e S 3 S0 3.68 per cent.
Water above 105-110 C. ... oooo s, 2.95 per cent.
Water helow 105-110 C, .o ovenninonnn. 0.80 per cent.
CRrhonie @it v amsmemssnaras s (.88 per cent.
Titaniumdionide s s e sa s vmaasnis 0.86 per cent.
Phosphorus pentoxide . ... ..o trace.
MANFINONE GG oo i smmimmmmmmn o o s trace.

In some parts of the world quicksilver deposits are found in
close association  with ot springs.**  While the Brewster
county ore can not he =aid to now have very close associations
of this kind. it iz interesting to note the presence of several
Lot springs on the Rio Grande rviver in the Carmen range,
omly  ten iles  distant from a known occurrence of cinna-
har.  Three of these springs emerge from near the zone sepa-
rating the Boguillas flags from the heavy bhedded limestones of
the Lower Cretaccous, and thus demonstrate the fact that the
more clayvey overlving flags may cause the ground water to follow
their under-surface in zecking a higher outlet.  Some of the fis-
sures which these springs have followed are now filled with ma-
terials that must have been deposited from their solutions, and they
resemble in every respect the gangue of some of the cinnabar
leads in the limestone at Terlingna. except that the ove is absent
as is also often the case at Terlingua. Tt consists of crvstalline
caleite and of amorphous carbonate of Hme, in which fragments of
the country rock are imbedded.  Inits chemieal eompogition it re-
sembles the tufa which i now forming around the hot springs.

0. H. Palm, analyvst,

o Becker. Quicksilver Deposits of the Pacifie Slope, T 80 Geol. Surv..
Monograph XTTT, p. 52,
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Analysis of Precipitations from hot springs in the Carmen range
on Rio Grande river.

Depositinafissureof an Tali from o bot spring
old spring near mouth near the mouth of

of Tornillo creek, Tornillo creek.
Sillen, - oan s 19.26 per cent. 19.00 per cent.
Alumina . . ........... L00 per sent. 102 per cent.
Ferric oxide ..... v.... 130 per cent.  1.60 per cent.
Litiiog oo pmmmonins 42.85 per cent. 40.60 per cent.
Magnesia . . .......... 0.60 per cent.  1.10 per cent.
Sulphur trioxide . ..... 0.10 per cent. trace.

Carbonic acid . ........32.80 per cent. 30.16 per cent.
Water [hygroscopic] . .. 0.20 per cent.  0.80 per cent.
Water [in combination]. 1.35 per cent.  2.00 per cent.

99.56 per cent. 99.28 per cent.

The knowledge we now possess of the cinnabar deposits in Brew-
ster county seem indeed to bear out the conclusions reached by
Geo. F. Becker in the study of similar deposits elsewhere, who
ascribes them to mineralized and probably hot rising solutions.
e says:*

“The mineral associations in which cinnabar is found™ (in dif-
ferent parts of the world) “scem to show conclusively that it has
been deposited from solutions. A very large part of the known
deposits of cinnabar are extremely similar in character, a fact
which seems indicative of a similar origin. It is certain that some
of the deposits are due to precipitation from hot voleanic springs,
andl it may fairly e inferred that many of them were found in this
manner. The diversity of the country rocks in which the deposits
ocenr i evidence that only a part of them can have derived their
mietallie contents from their own wall rocks: the remainder must
owe their cinnabar to some source hetween the point at which the
waters acquired their heat and the surface. Between the depth
at which valeanie foei lie and the surface of the carth there must
he substances of world-wide distribution which frequently contain
mereury in fome form as an original ingredient.  These substances

“Meference as above. p, 35,
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are probably massive rocks, and the only known rock of corre-
spondingly wide distribution is granite.”

On this theory the significance of the association of the quick-
silver with volcanic: rocks in this region is also quite clear. The
sills and especially the dikes traverse the sediments to great depths
and are frequently so placed that they must have furnished in the
past, as they do at the present. the most direet passage ways lor
underground waters which traverse the formations from below up-
ward. Intrusive sheets and dikes cause several springs and seeps
in the country today. Indeed. it was on the basiz of the associa-
tion of the igneous rocks with the Lower Cretaceous limestones
that the director of the survey, Dr. Wm. B. Phillips, was able to
predict the discovery of einnabar east of the ('hisos three vears ago,

2, (oaL.

The existence of coal in the Chisos country has heen known for
some time, but its field relations, its quality and general develop-
ment have been matters of uncertainty.

From the stratigraphic data already set forth, it will he remem-
hered that the Rattlesnake heds contain the coal.

The several places at which coal has heen observed extend from
ihe Rosillos mountains to the mouth of the Terlingna and from the
west 2ide of the Carmen range to near the Cigar mountain. Be-
low some of the localities are enumerated:

1. In the north szide of a hill on the south side of the road
leading southwest from Stroud’s ranch and about two milez from
thiz ranch. the face of this coal has heen laid bare by three short
drifts, bhut it is at present concealed. The seam is reported to have
measured eighteen inches. Over the coal are some zandy and
bituminous dark silts. and under it ave first some three feet of
clav and then a black carbonaceouz =andstone. Some =zilicified
frunks of trees were noted close by the explorations. ‘The strata
dip about ten fect to the sounth. The intrusives of the Rogillos
mountains are not far distant and have evidently haked the coal to
some extent. Some of the conl taken out from the pits was left
on the ground, and thiz exhibited a cubie fracture. an unuzually
lright luster and a very compact texture. A few pieces were
picked up which had these characteristics in a superlative degree.
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aml in which no flaws could be seen, although they had heen ex-
posed to the weather clearly for a long time. These have the ap-
pearance of jet, and have great crushing strength. Some show
very faint hut unmistakable evilence of woody structure on a
cvlindrical outer swrface. A small block, whieh was shown to the
writer by Mr. Carruthers, of Alpine, prolably came from this place.
1t meazured nearly four inches in diameter. 1t was clearly a coal
formed {rom some species of wood. A well known gem expert, who
examined zome of ihis material for the writer, says that, if found
i blocks of sufficient size, this mineral may he valuable as a sub-
stitute for jet. It resembles jet in its Inster, hut it has the com-
position of anthracite. a= is shown by the following analyses:

Analyses of coal from tico miles soutlwest of Stroud's ronch*

Anthracite with jet

Anthracite from two luster from two

miles southwest of miles sonthwest

Stroud’s ranch. of Stroud's ranch.

Moisture Lsassnnmagves sem U e s 1.47
N8 e 5 v e SRR sy s 1.93
Volatile combustible martter.. 1538 ............ 13.07
Fixed cartbon .. ......o0ene. i R 83.53
OO0 [ smim sssmmass 100.00

SR o memmints o s 6111 P — 1.26

The jet-like anthracite represents entire tree trunks which
form a part of the coal seam. The coal is quite different from the
other seams in the region in having so smull a percentage of ash.
Tts high content of fixed carbon is clearly due to haking by the
intrusives in the Rosillos mountains.

2. On the north side of Tornillo creek, north from the Grape-
vine hille. a small seam of coal was uncovered in a surface pit
some vears ago. Peaty and bhituminous shales have lLeen ohserved
in several places in the west part of the Tornillo flats.

3. In the country immediately west of the Slickrock mountain
two pits have heen made in which coal was found. Tn neither
place the seam measured quite twenty inches in thickness.

4. The Kimble pits are some openings made on a seam which iz
exposed on the zouth side of a hill at a point two miles north of the

“Analyst, My, 0. T, Pahn.
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Chisos pen north of Rough rn. This seam of coal measures
abont twenty inches. It has a considerable dip and the ground is
somewhat broken, It is associated with bitwminous and sandy
ghales or elays.  An analysiz of this coal shows that it contains:

NIOTSUAEE s s issmvsnsinsis ssayiem o v o o TS 4.68
AR 0 WA S R TR S 16.60
Volatile combusztible matter. ... ... L. 24.20
Lt BT o)) U SRR RS 54.52

100.00
Sulphur. .o .88

5. What is probably the same seam as that seen in the Kimble
pits is exposed in the hottom of Cottonwood creek at Chisos pen,
where it measures cighteen inches.  The creek follows a line of diz-
placement at thig place and the coal also appears about two hun-
died yards away from the arrove on the north side. in a gully,
where it has about the =ame development. In a piece of this coal
which was more closely examined. some pitted Tracheids of gvm-
nospermous wooid could he discerned.  Some very small grains of
marcasite were seen along some horizontal seams.  Above as well
as below this coal we find carbonaceous and bituminous silts and
clays. Itz composition resembles that of the coal in the Kimble
pits, with somewhat less ash and somewhat more of volatile ma-
terial, viz.:

AGISEURG,: « v i isreassiml Do ST EE 6.12
3N L SRR St SR e e 1442
Volatile combustible material. ..o oot 3472
Basarl BaihiiRien v asaammmras e S e 1474

100.00
SR, & wesmvme fms esme e S DI 1.32

G.  In the flats which lic abour one and one-fourth mile south-
cast of the southeast side of Maverick mountain there are some
exposures of a thin coal seam. One of these which appeared in
the east hank of a creek showed cight inches of gool coal with
nearly fwo feet of “hone™ or coaly <hale helow. An analysis of
thix eoal ix as helow:
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L ol AT H e e e A e ey i s 6.46
AR o semmmem sy AR MRS e 25.90
Volatile combustible matter . ...... ... .. .. ... 34.88
Fixedearbon . ... .ot 32.76

100.00
BUIphE o5 sesemE i S e Oh s aass 1.00

This coal contains frequent small grains or pockets of a yellow
resin, from the size of a mustard sced to that of a bean. They are
reddish-brown in color, very irregular in shape, and usunally frae-
tured by weathering. Mr. O. H. Palm, who has examined them,
finds that “they easily melt and burn if brought near the flane.
They are soluble in chloroform, cther, and alkalies. "Their melt-
ing point is between 205° and 210° C.”

7. Some coal seams were noted in the hills on the west side of
Terlingua ercel about three and a half miles sonth of Study butte.
None of these scem to be more than a foot in thickness, but the
coal is associated with a “bony™ shale, which is highly bituminous.
Grains of resin are present in the shales as well as in the coal.

8. The same seam of coal appears again in the hills on the
opposite side of the creek about a mile to the south. where it dips
al a high angle.

9. In the low ridges of the flats hetween Terlingna Abaja and
the mouth of Terlingua creek [about three-fourths of a mile to
the south and a little west of the village] a coal seam crops out,
which is eighteen inches thick. Tt dips 30° to the southwest.
~ This coal is associated with some sandstone ledges and it is about
in the same horizon as the Chizos pen coal. A piece taken from
the weathered face of this outerop contained :*

REOTEEINE s amesaer sssiormsosizmn & T O T E T 9.10
- T 21.50
Volatile combustible matter. ........... ... ..... 37.38
ot oarbom. . e semmmmnnts nmm s e msmeene 3P

100,00
SNIphnE s T S e e 0.90

*0. H. Palin, analyst.
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10. On the north side of the Rio Grande, about seven miles
west of Mariscal mountain, the Rattlesnake beds contain some
bituminous clays, that have thin seas of coal.

11. Apparently trustworthy reports say that coal has heen seen
in some of the arroyos north of Talley’s ranch and southwest of the
north end ol Mariscal mountain and also in the country northwest
of Banta Shutup. Iu both of these localities there arve extensive
vuterops of the Rattlesnake beds.

The writer believes that the Rattlesnake beds and their included
coals are the near equivalents of the coal-bearing beds at Eagle
Pass. Both overlie the marine clays of the Middle Cretaceous,
the Upson clays and Terlingua beds. The coals are somewhat
alike in composition and they both contain small grains of resin,
Some very characteristic impressions of plants are common to both
formations, as shown on a previous page, and some fossils are
common to both. Still there is a difference in the fauna as well
as in the nature of the sediments themselves. The latter are
somewhat more variable in the Chizos country, where the sand-
<tones ave slightly coarser and have a more open texture. The
sandstones are here also less persistent when traced horizontally.
Al this indicates less open waters in which sedimentarion took
place in the Chisos region. Thiz view is corroborated also by the
difference in the two faunas. At Eagle Passz ammonoids are quite
common, while in the Chisos country these are rare and the oyster
family is much more frequently in evidence. This has a bearing
on the ecomomic features of the coal seams. We should not ex-
peet to find theze as constant in the more variable sediments in the
Chises country as they have proved to be in the Iagle Puss region.
Thev were made nearer to the shore in the western conntry and
will naturally be more variable and uneertain.  On the other hand,
it has been shown that the Rattlesnake beds belong to the true
coal-hearing horizon of the Tpper (‘retaceous series in the West,
and that they will bear exploration.  They outerop in a cirveular
Lelt around the Chizos mountains. and this helt can not vet be
regarded as sufficiently explored. Tt is true that all the onterops
which have heen examined. show only thin seams. The variability
of the beds proves that local and sudden changes are to he expected.
Such variations may he for the better as well as for the worse.
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At any rate, some thin seams arve already known, and in a country
where fuel is as scarce as here, some of these might prove profitable
to work on a small scale under present conditions.

3. SILVER.

On the north side of Altuda mountain some silver-bearing galena
has been mined. The workings are on both sides of an arroyo,
which comes from the west and runs on the north side of the moun-
tain.  The workings consist of some three hundred feet of drifts
ad shafts, some of which follow the contact of the ore-bearing
rock and the Cibolo limestone, which forms the country rock. On
the south side of the arroyo there rizes from this limestone a
wedge-shaped peak of partly silicified material, which clearly at
some time was a filiing in a cavern in the limestone above which
it now rises. This peak consists of an altered conglomerate or
l'reccia, containing pebbles, boulders, and large blocks of sandstone,
¢l various kinds of igneous rocks, of granite, and of limestone
from the Cretaceous as well as from the Carboniferous strata.
CThe infilteation of ziliceous material has rendered this mass some-
what resistant to the agencies of weathering and erosion, and so
the conntry rock has suffered more rapid removal by these agencies
while the more enduring filling remains in part intact. Most of
the ore ocenrred in irregular lealds near the contact of this filling
with the limestone in the wall of the ancient cavern. On the
porth side of the arrove a siliccons tufa, probably a precipitate
from underground hot solutions. is largely in evidence over a part
ot the surface of a large hill. Jts contact with the limestone can
he traced in several places, and occasionally it takes on the ap-
pearance of an igneous intrusive. Some very rich ore has been
taken out from one of the explorations near the contact at this
deposit with the limestone.

In the minl of the writer there is no doubt that the mineral
deposits at this place, whatever their value, have cssentially the
same origin and history as the lodes in the Shafter mine near the
(‘hinati mountains.®* The material filling the ancient caverns is

“See the Geology of the Shafter Silver Mine Distriet, Presidio county,
Texa=, Bulletin The University of Texas Mineral Survey, No, 8, p. 54 et seq.
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much more extensive here at Altuda, and it possibly consists in
part of intrusive material. What bearing this may have on the
quantity of ore no one can say. Lodes vary from barrenness to
the richest deposits known. They are always expensive fo explore.
The explorations at Altuda are as yet not extenmsive enough to
give an estimate of the quantity of the ore, which in a pocket on
one of the drifts was very rich.

4. PHOSPHATE.

Some of the rock samples taken from the strata of the Trenton
age near Ridge spring, south of Peiia Colorado, were found to have
specimens of the small gasteropod Cyelora. This fossil is common
in the phosphate-bearing ledges of the Trenton horizon in Ten-
nessee, and its existence here suggested the desirability of having
an analysis made in order to see if the limestone would contain
phosphate in this western field. Two small specimens of the lot
brought from the field were analyzed and one yielded 6.03 and the
other 1.70 per cent of phosphorus pentoxide. This is clearly in
excess of the usual phosphate content of limestones, and suggests
the possibility of workable phosphate rock. The author had no
suspicion of the existence of any phosphate in these rocks at the
time he was in the field, and the specimens analyzed were collected
as types of the rock and taken for the fossils they contained. The
regularity and persistence of the bedding of the Palacozoie
sediments will render exploration for phosphate-bearing rock easy,
and should any strata prove to lie of sufficiently high grade there
is little doubt that they will be extensive. The field that shonld be
explored is coextensive with the Caballos vidges between Warwicks
and Del Norte gap and for some distance to the northeazt of War-
wicks. In appearance the phosphate-bearing rocks do not differ
much from other limestone.

5. Bricx MATERIALS,
The reduction of the quicksilver in the Terlingua mines has
created an unsteady market for hrick. This market has been sup-

plied by Mr. John Dryvden. whe finds a suitable elay on lower
Terlingua ereck. IIiz clay consizfs of the npper three or fonr feet
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of wash, or alluvium, near this stream. The clay is tempered by
the addition of a “sand,” which is really the soil formed from a
thoroughly disintegrated intrusive andesitic rock. The brick is
of excellent quality and has proved to stand a white heat for sixty
hours. It is free from cracks and has a dirty gray or cream color.
It is hand-made. sun-dried, and burnt in square up-draught kilns
with thick adobe walls. The total ontput up to this time (1904)
is 1.250.000 bricks. The brickvard and kilns are located a short
distance north of Dryden’s ranch.
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