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IN MEMORIAM

Just as these pages go to press, announcement is
made of the death of Dr. William B. Phillips at his
home in Houston, June 7. Dr. Phillips was the
director of this Bureau from 1909 to 1914. He
was the director of the University of Texas Mineral

Survey from 1901 to 1905. He organized both of

these institutions. The present bulletin was planned

under his direction. W hatever prestige the present

Bureau has, it owes to the strong personality, to the
versatility and accomplishments of its first director.
He was a man of great energy and of extensive
learning. The members of this Bureau, past and
present, keenly feel, in his untimely departure, the
loss of a:kind friend and of a strong supporter of
scientific work. This issue is dedicated to his
memory.
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Notes on the Geology of the Glass Mountains

NOTES ON TIIE GEOLOGY OF THE GLASS MOUNTAINS,

BY J. A. UDDEN

INTRODUCTORY.

The Glass Mountains is a designation given to a hilly and
mountainons belt running in a direction from northeast to
southwest for a distance of about 24 miles, extending from
Altuda and Lienox on the Southern Pacific Rallway across and
beyond the boundary line between Brewster and Pecos Counties
to near the main highway between Stockton and Marathon, The
belt ig from six to fifteen miles 1 width. The Glass Mountains
have a gentle slope to the northwest, whieh is a dip slope, and
have abrupt, but broken, erosion ecliffs to the southcast.
Drainage is [rom the crest of the mountains in both directious.
There arc two ecanyons which run from the northeast to the south-
west, nearly across the mountains. These are known as the Gil-
liam and the Hess canyons. The Gilliam canyon is fairly open
and is traversed by a wacon road across the mountains. The
Hess canyon, some six miles cast of Gilliam canyon, is narrow
and at one point almost impagsable by wagon.
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GENERAL GEOLOGIC CONDITIONS.

As early as in 1900 Prof. R. T, Hill had made observations in
the Marathon country, and in his ‘‘Physical Geography of the
Texas Region,”” he published some of the results of his studies.
““The Caballos and Glass Mountains,’” he says, ‘‘are exposures
of ancient paleozoie structures of Appalachian type and age,
which have been revealed by the erosion of the Cretaceous sedi-
ments that probably once imbedded them.’”” He notes the di-
rection of the ridges resulting from the folding and erosion of
the Paleozoic terrancs and recognized in these features a true
mountain strueture.® In 1904, the author of this paper passed
across the Marathon plain and in a later report on the Chisos
country, he published some notes on the features seen south of
Marathon.t Attention was called to the fact that the rocks and

* folio 3, page 4, U. 8. Geological Survey.

+“The town of Marathon lies near the center of a triangular plain,
which exiends 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 been entirel.y 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 slightly raised edges of laler sediments form a well-marked
escarpment. The folds of the older strata irend in a northwest-
southeast direction and extend the whole length of the plain. They
exhibit such regularity and persistency of direction that they have
all the appearance of being a small part of an extensive {mountain]
system. Their axes point on the one hand straight to the Solitario
uplift, which is forty miles distant to the southwest, and which
exposes similar sediments, underllying Cretaceous strata, folded in
nearly the same trend. In the opposite direction the folds point
toward the Ouachita system of mountaing in Oklahoma.

“While there is probably no continuity between the Caballos J?old'%
and the Ouachita system there seems to be good ground for the belief
that they were made al the same time. The Caballos ridges were
made and cut down by erosion during the time which elapsed be-
tween some period (probably the lale Carboniferous) of the later
half of the Palaeozoic era and the beginning of the Cretaceous age.
They no doubt furnished a part of the material in the making of the
Triassic and Juragsic deposits elsewhere.

“It was afler the Caballog ridges had been cut down to almost a
peneplain and after this peneplain had been buried under all but the
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the structurc of the Marathon plain were like those appearing
in the Solitario uplift, nearly forty miles farther southwest, and
that the folds in thcse areas represented a mountain system
much older than the Rockies. In the course of some work done
in 1914 for the purpose of outlining the Paleozoic arca, further
facts were gathered from which it became evident that this strue-
ture was largely developed before the end of the Permijan age,
and that it probably is the resull of a progressive movement
which decreased rapidly during the late Paleozoic but was con-
tinued as late as in post-Comanchean times.

The width of the folded belt, as at present exposed, is some
twenty miles. It so happens that the most strongly folded for-
mationg consist to a grcat extent of shales and soft materials,
while the less strongly folded, or merely tilted flanks of this
folded belt, consist of heavy limestones, For this reason we find
the axis of the folded belt croded to the stage of a hilly plain,
while the flanking limestones rise to the height of low mountains.
The Glass Mountains consist of these resistant limestones which
come up on the northwest flank of the old mountain system. They
are tilted so as to have a general dip of about ten degrees to the
northwest. The uppermost of these limestones is quite resistant
to weathering under present climatic conditions. Tt rises to a

latest Cretaceous sediments, that the movements began which re-
sulted in the malking of the Rockl'y mountaing, Folds and faults were
made, which crossed diagonally the axis of these earlier flexures.
Now it seems clear that where a fold is developing along an axis
which crosses a beit that hag been previously compressed and folded
in a direction more or less vertical to the axis of the later disturb-
ance, the belt so affected will less rapidly yield to the forces at work
than the country on either side. For on either side of such a system
of folds the strata lie more nearly horizontal, while they stand edge-
wise in the folds, One can easily bend a block of paper in a direc-
tion which is vertical to the plane of the sheets, but not in a direc-
tion which is parallel with this. Rather than to bend in this direc-
tion, the sheets will break. Beiween Altuda and the Carmen range
the rigidity of the folded Palaeozoic strata caused them to break in
a single sharp dislocation forming the Santiago and the Ord ranges,
rather than bend into several folds or flexures by several smaller
Taults, as seems to have happened on either side of this belt of the
ancient mountain structure.”” Bulletin Univ. of Texas No. 93, April
15, 1907, pp. 76-78.
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height of from two thousand to three thousand feet above the
Marathon plain. There is good reason to believe that tke Glass
Mountains are to some extent the result of differential erosion
effected before Comanchean times, and that they rose for some
time above the surrounding conntry in the Comanchean sea.

That mountain-making forces have continued long after Com-
anchean age is evident from the fact that we find several out-
liers of the base of the Comanchean rocks on the highest eleva-
tions of the Glass Mountains. No doubt most of this later ele-
vation occurred during the Tertiary age.

Stratigraphy

In the order from below upward, the formations which go to
make up the Glass Mountains are the Gaptank, the Wolfcamp,
the Hess, the Leonard, the Word, the Vidrio, the Gilliam, and
the Tessey. The maximum thickness of these formations is
about 11,640 feet, and 9,640 feet of thesc sediments are evi-
dently post-Pennsylvanian in age, ag indicated below:

Permian (?) and Permo-Carboniferous,

B = 1,400
GIIIAIE . cv i ie ittt e e st b teian e eaanennennnnns 740
75 0 5 (e P 1,700
B Z0 P (7)1,400
Leonard . ...t it i et 1,800
T N 2,100
WOLECAIND v vteree e erann sttt cmis i estnaaneannns 500
Penngylvanian,
(€ 2 01225 4 ¥ O 2,000

Before procceding to define and describe these formations, I
shall present some deseriptions of natural sections that were
measured in the course of the field work on which this aceount
of the stratigraphy of the mountains is based. Most of these
gections cxtend in a direetion from north-northwest to south-
southeast, crossing the trend of the formations at approximately
right angles. These sections are arranged in the order from
west, to east, beginning with a seetion near Altuda and ending
with a section near Gaptank, on the Marathon-Stoekton road.
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Collections of fossils were made from many of the strata de-
seribed in these sections, but excepting the cephalopods, these
have go far been but little studied. The eorrelations which have
been made are based in the main on lithologic characters and on
a few of the main characteristic fossils. The lithologic distine-
tions between the different formations are quite marked and
some of the formations are separated by unconformities. No
doubt more aceurate eorrelations will be made when the cxisting
faunas shall have been more thoroughly explored and fully de-
seribed.

In the deseriptions of the rocks appearing in these sections,
a feature has been introduced which may appear out of harmony
with established usage. The writer believes that observations
on the microscopic structure, especially of limestones, may be
an aid in correlating formations where fossils are absent, or
impossible to secure, as in the case of drilling explorations.
Equivalents of parts of the Glass Mountain section underlie ex-
tensive areas in the northwestern part of the state, and in the
hope that it may aid our studies of borings from that region, I
have placed on record in these sections some descriptions of mi-
croscopic preparations of limestones from known horizons. Ob-
servations on such features were, of course, not made in the field,
and may appear not called for, in the present text. To intro-
duce them in the scctions seems to me the simplest way to place
them on record, and their presence there is, perhaps, as proper
as the introduection of records of fossils which may characterize
individual beds that are encountered in the field.

Secction 1

Section of sirata shoitn on lhe southwest point of the main ridge

of the Gluss Mountains, beginning below, at a point about one and o
half miles southeast of Altuda, and cxtending north-northeast.

Thickness
in feet.
1. Sandy flaggy limestone.................. . ..... 10
2. White limestone, in which was noted a large Fusu-
lina, a Productus, a bryozoan, and a small Hustedia. 8
3. Not exposed, probably shale.................... 85

4., White limestone in thick, irregular layers, and in



10

10.
11.
12.
13.
14.

15.

16.
17.

18.

19.

20.
21,

22,
23.
24.
25.
26,

27.
28.

Unwersity of T'exas Bullelin

places brecciated. The upper part of the limestone
forms a vertical cliff some sixty feet high.........
Thin-bedded, laminated limestone...............
Somewhat thick-bedded white limestone, indurated
(from pressure?), dipping at high angles. Thick-
ness not KNOWI. .. ...t et i
Mostly limestone, dip very irregular and, higher up,
reversed. HEstimated at........................
Gray limestone, somewhat thick-bedded. In this
limestone were noted some poorly preserved am-~
monoids, and a cyathophyllid...................
Gray limestone . ... ... ... .. v ninn
Thick-bedded white limestone...................
Sandy, thin-bedded limestone...................
Shale ........0 s e e
Sandy, thin-bedded limestone...................
Brown, sandy, thin-bedded limestone.............
Sandy, thin-bedded limestone. A crinoid stem and
a cup coral noted in upper half.................
Hard, sandy, thin-bedded rock..................
Thin-bedded, yellow, sandy limestone, with some
white layers. Omne thin gection of this rock was seen
to be oolitic and organic fragmental, It contained
very little sand, a Trochammina, and many sponge
spicules ... e e
Hard, thin-bedded, sandy, and yellow limestone. In
a thin section of this rock, the sand graing were seen
to be angular and mostly from 0.1 to 0.2 mm. in
diameter. This member is marked off from the
member above by a peculiar unconformity........
Limestone in apparently one single, structureless
layer, in which a Fusulina and some bryozoa were
<10 o5 »

Thin-bedded limestone, in which a crinoid stem and a
spine of a palechinid were noted................
Thin-bedded limestone ........................
A layer of peculiar lumpy struecture............
Limestone in thin layers.................... L
A layer of white limestone....................
Thin-bedded limestone with a spine of an Archeo-
[ o 2 o S
Limestone in alternating thin and thick layers.....
White limestone showing a peculiar kneaded or

Thickness
in feet.

239
20

70

30
65
55
35

10
12

33
10

16

22

60

oy

-
H 1R o

-~
fb2 =)
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Thickness
in feet.
lumpy structure .. ... .. . .. 11
29. White limesione ....... ..ttt innnnnn. 16
30. One entire layer of light gray dolomitic limestone, in
which a Fusulina was noted. The rock is in part
dolomitic. In a thin section it was seen to be com-
pact and fine in texture, and there were obscure
traces of minute fossils, probably foraminifera..... 45

The lowermost part, which measures morc than 724 fcct, from
number 1 to number 18, inclusive, is believed to include most of
the Word formation. The tolal thickness of this section is un-
eertain, owing to the existence of a fold and possibly of a fault,
near the middle of this section. It is probable that the pres-
sure causing this fold may have served also to thicken and to
harden the rock, to have squeczed out some of the shale, and to
have caused the caleareous sandy beds to appear more like lime-
stone. The almost tolal absence of soft and argillaccous mate-
rial, known to characterize the Word formation farther east, is
otherwise difficult to cxplain. The lexiure and the gencral ap-
pearance of the upper sandy beds in this part of the section
leaves, however, no room for doubt that at least this part of
the section is to be referred to the Word formation. Not count-
ing an unmeasurcd part of the section, it consists of 67 per cent.
of limestone, 20 per cent. of sandy limestone, or calcareous sand-
stone, and 12 per eent. of shale,

The upper part of the section, from number 19 to number
30, inclusive, in all 268 feet, clearly rcpresents the Vidrio. At
this point the formation shows more clear bedding planes than
at pointg farther east. Spines of an Archeocidaris were noted,
as well as erinoid joints and a Fusulina.

Section 2

A section beginning at the foot of the ridge running northeast from
Lenox, at o point about threc miles northeast from Lenozx, and ex-
tending north 20° west to the crest of the Glass Mountains, (The
starting point of the seclion is on the east side of an arroyo running
south pust an outcrop of Caballos Nowvaculite.)
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1.

SO~ R

10.
il

13.

14.

15.
18.

17.

18.
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Thickness

A conglomerate of mostly limestone boulders with some
flint. The limestone boulders average from 2 to 3 inches
in diameter, range up to 2 feet, and are mostly roundcd.
They are evidently derived mostly from the Dimple and
the Gaptank formations. The flint pebbles are smaller
in gize than the limestone boulders, and are less rounded,
and consist of material from the pre-carboniferous rocks
of the region as wecll ag from the Pennsylvanian. The
conglomerate is firmly held together by a cement of cal-
careous material, in which fosgils are imbedded in some
places. In this conglomerate occurs Prothallassoceras
Wellert BOSC. .. ettt ittt s ie e
Covered Dy talls «.vvrv v ine it i ii it ieneee .,
SaAASTOIIE v v v vt et e e e e e e
Concealed under talus .....eviiiir it iinnrinnnnnnen
Limegtone conglomerate, with the smaller pebbles mogtly
of chert, In the matrix of thig conglomerate were crinoid
stems, a Hustedia, a cup coral, and some bryozoa.......
Shale, in part covered. Large crinoid stems were noted.
Thick-bedded limestone, in part conglomerate, and in
part an organic fragmental rock interbedded wilh shale.
A large erinoid stem noted...... ... ... oo,
Organic breccia interbedded with sandstone and shale..
Mostly shale with sandy organic fragmental rock above.
A thin section of the latter shows it to consisl of a
finely crystalline matrix permeated with bituminous
material. In this were noted pieces of crinoid joints, a
Fusulina, a Nodosaria, and a spine of a brachiopod.....
Shale, partly concealed. .....c.vviriiiniinee it inennns
Coarse limestone breccia below, with compact limestone
above, Crinoid stemg noted....... ... oo,
Cherty sandstone showing sponge spicules on its upper
R 2 Y YO
Limestone, only partly exposed. Syntrielasma (?) noted
Thick-bedded gray limestone containing Fusulina, crinoid
stems, cup corals and a large Productus...... e
Soft rock, inpart sandy. ...ttt i
Thick-bedded and in part brecciated limestone, contain-
ing a fairly large Fusulina........... ...
Limestone breccia, very coarse, changing to a somewhat
crosg-bedded, sandy, and conglomeratic rock above. It
weathers yellowW oo iae it eian i ran.n
A sandstone containing much lime and weathering yel-

in feet.

35
68

153

68
18

17

40
150

14

17

48
11

58

55
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20.

21.

22.

23.

24.

26,
26.
217.

28.
29.

30.

3L

32,
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Thickness

Jow. It contains some shale ............ ... ... ......
Not exposed, probably marly shale......,..............
A limestone conglomerate with chert pebbles showing on
the upper surface. ...t i e ee e
Cherty and sandy shale with streaks of organic frag-
mental IHImesStone v vve et et e
Gray limestone with a cherty layer on top. In thin sec-
tion this is seen to be an oolitic limestone, the ooliths
lying in a copious crystalline calcareous cement........
Cherty and sandy shale and gray limestone of fine fex-
ture. In one place this rock is a sandy limestone and
was seen to contain Leptodus, some ammonoids, and cup
corals. The gandy phase of this rock was seen to be
also oolitic. The sand grainsg are angular and mostly
from 0.5 to 1 mm. in diameter. The ooliths are of about
the game size. Indistincet outllines of ostracods and
bryozoa were noted in a thin scction. The member ap-
pears identical with a sandy limestone on the ridge of
a hill a half mile to the southeagt from which were col-
lected such ammonoids as Waagenoeeras................
Gray dolomilic limestone of somewhat uniform texture.
The rock containg a small amount of poorly sorted,
angular quartz sand. In a thin section traces of crinoid
stems and of other organic fragments were noted......
Shale and layers of organic fragmental limestone, in
places Cherty ... it et e,
Not exposed. Evidently mostly shale...................
30 e U<Y 1  o X
NOt eXP0Sed i iititiee it it it i ittt
Moderately thin-bedded gray bituminous limestone of fine
texture with some thicker beds above, The uppermost
layers contain cup corals, Spirifer, Hustedia, and large
and smooth spines of palechinids. ILoaf-like concretions
of flint were noted in upper part.................. et
Limestone, with irregular loaf-like bodies of flint. A
large Productus costatus (?) noted.............. ... ...,
Limestone consisting of a coarse organic breccia. In a
thin section were noted many Fusulinas and some bryozoa
and a Nodosaria and spicules of sponges, imbedded in
a partly re-crystallized finely fragmental matrix........
Thin-bedded sandstone of fine texture, weathering yellow,
and cemented with calcareous material. The lowest hun-
dred feet of this member has thin layers of organic frag-
mental limestone in its upper 70 feet. Small clay-iron-

in feet.
4

34

66

650
5(7)
250

264

99

45
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33.

34.

36.

37.

38.

39.

40.

41.

42,

University of Texas Bulletin

Thickness

stone concretions of symmetrical oblate form were notled
in the calecareous 1ayerS. ... iivin it iiieenrienennnnns
Gray shale containing small oblate concrctions of very
regular form. The shale itself is silty and containg some
graing of organic calcareous material and a few scales
of mica. When heated in a closed tube, some of this
shale gives strong fumes of ammonia...................
Sandy SHAle . ....iveirrtne e reerionineaeriracnrnens
Yellow sandy dclomite, in thick beds below and thin
beds above. The middle part of this member containg
lenticular bodies of calcareous rock from six inches to
one foot thick and six feet wide. These show cross bed-
ding and have a tendency to weather out with a concre-
tionary appearance. In thin section this rock is seen to
be secondarily crystalized, and there appears a number of
small bodies of fine indistinct texture..................
Shale with some thin calcareous layers below. It con-
tainsg small concretions of very repular form..........
Yellow sandstone in thick heds, becoming calcareous
above. An imprint of a whorled and ribbed cephalopod
noted. In thin sectionsg the sand grains are scen to be
angular, and well sorted, mostly less than 0.2 mm, in
(65 a0 1< =) U
A single bed of coarse grained white dolomite showing
in a thin section obscure traces of organic fragmental
texture. Much of the rock consists of calcite, which
apparently hag been introduced into the delomite. 'This
calcite occurs in irregular tracts from the smallest up Lo
some inches in size. The crystalline cleavage of the cal-
cite was seen to be continuous for an inch or more on
SOIME fraCtUreS v vttt ittt ettt i incneranenaaenit e
Dolomite in moderately thick beds, coarse-grained, yel-
lowish white, with scattered small bodieg of clear caleite.
The rock is granular in texture and has a larger lumpy
gtructure. In a thin section the dolomite wag seen to con-
sist of erystals 0.1 mm. in diameter. It containg some
SANA BrAIMS vttt ittt et et e e
Unstratified dolomite, in which a crinoid stem was noted.
The dolomite crystalg in a thin section were seen to be
distinectly grouped in clusters less than 0.5 mm. apari..
Bedded dolomite. Some layers are sandy, and weather
like sandstone, others cherty. A few bryozoa and other
indistinet fossils were noted........ccvviiiiiiiiiiinn
Unstratified dolomite ... vvver it iinniinirnerncoannnane

in feet.

490

150
15

47

230

170

136

10

156
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The numbers from 4 to 28 in this section represent the Leon-
ard formation, which here measures 1845 feet in thickness, It
consists of 51 per cent. of argillaceous sediments, 21 per cent. of
limestone, 22 per cent, of rocks not exposed, 4 per cent, of sand-
stonc, and 2 per cent. of conglomerate.

The Word formation is vepresenied by numbers 29 to 37, in-
clusive, and is made up of about 44 per ccnt. of sandstone, 31
per cent. of shale and 25 per cent. of limestone. The thickness of
the formation in this scction is 1500 feet.

Numbers 38 to 42, inclusive, represent the Vidrio formation,
which here has a thickness of 1063 feet. It consists of lime-
stone, which is mostly dolomitic.

Scction 3

A section crtending from o point about one mile southwest of Iron
Mountuin northwest to the summit of Glass Mountains, beginning
beloqp, at the foot of the main outermost ridge of the mountains.

Thickness

in feet,
1. Coarge limestone conglomerate, containing boulderg and
pebbles of limestone from one inch to one foot in diam-
eter. Some of these are well rounded. Most boulders
congist of limestone from the underlying Dimple forma-

70 10

2. Qolitic limestone, light gray, containing small speci-
mens of Fusulina, Productus semireticulatug and crinoid
stems. In thin scction it is seen to have oolitic and
organic fragmental texture. It has undergone ex-
tensive secondary crystallization and much of the orig-
inal clastic material is destroyed, and dimmed by sec-
ondary crvstallization., Traces of gastropods, of crinoid
stems and of bryozoa were noted. The sizes of the
ooliths vary from 0.3 to 0.8 mm. Some organic frag-

ments are MuUCh Jarger. . v err it inn et it 10
3. Limestone, less resistant to weathering, not well ex-

930221 75
4. Conglomeratic limestone, in thick beds................. 5
5. Coarse white limegstone, containing a large Fusulina,

large crinoid stems, a large Euomphalus and Retzia.... 50
6. Limestone conglomerate .......covviviiiiai s 10
7. Not well exposed, some limestone...................... 93

8. Limestone conglomerate ..........ccviiiiiinienininans 10
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10,

11,
12,
13.

14.

16.

17.

18.

19.
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Thickness

Limestone ... i e e e
Calcareous conglomerate in thick beds. The material in
thig rock is sand, pebbles and boulders. The lalter
range up to several inches in diamcter. The typical
rock is a conglomerate of rounded limestone boulders
from one to iwo inches in diameter. These are im-
bedded in a matrix of finer chert gravel and the whole
is cemented in a calcareous paste which contains
crinoidal and other organic remains. There are some
black chert pebbles and some green, evidently derived
{from the pre-Pennsylvanian .......... ...,

Conglomerate, consisting niostly of boulders of limestone,
cemented by a calcareous matrix .............. ... ...,
05T o) oY O
Limestone containing much ecrinoidal material, some
large crinoid stems, and many unrecognizable fragmenis
of brachiopods and other organic material, The upper
part is inthick heds. .. ..ottt iieneinien..
Sandy limestone and calcareous sandstone containing
a few pebbles of limestone and flint, and a few sterus
{7 M) i e L 1 £
Limestone in thin layers, coantaining Fusulina, a
Hustedia, and some crinoid stems........cvvvevr v,
Limestone in thick beds, containing various fossils,
especially in its upper half. The upper surfaces of several
layers in thig limesione are exposed in the crest of
the first ridge west of Iron Mountain, and are studded
with brown silicified cup corals and some brachiopods.
The fosgils noted resemble the following forms: TFusu-
lina cylindrica Fisher, large spicules of Sponges, Campo-
phyllum torguium Owen, C. texanum Shumard (?)
Cladopora sp., Polypora sp., Enteletes globosus Girty, .
sp. ¢ Girty?, Leptodus americanus Girty, Productus
walcottianus Girty, P. probably semireticulatus, P. like
indentatus Girty, P. sp., like popei Shumard, Geyerella
(?), Chonetes subliratug Girty, C. permianus Shumard,
Pugnax Shumardiana Girty, P. elegans Girty, P. sp.,
Hustedia meekana Shumard, Dielasma sp.,, Spirifer sp.,

Limegtone containing a few scattered pebbles of quartz
and in places sandy. Fossils noted: Productus, Pughax,

in feet.
85

20
210

i3

83
78

80



21.

22,
23.
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Thickness
in feet.
Leptodus americanus Girty, Meekella, large crinoid stems,
and remains of SPONEES. ... ottt i 10
Yellowish, sandy, and shaly rock, containing two layers
of limestone, each about 4 feet thick., The limestone is
organic fragmental, and was seen to contain Producti
and variols DEyO0ZOR. . v, o v ettt i e 50
Shale and limestone, not well exposed, estimated
L9010 1 T 30
Layer of conglomerate ...............c.... e 1

Shale with some beds of limestone, mostly concealed.
In thin section cne of thesc limesiones was geen to be a
rock of laminated structure and of close texture, con-
taining many sponge spicules and some spherical cavities
filled with calcite, measuring about one-sixth mm. in
diameter. A section of another somewhat crinoidal layer
showed much clear and granular calcite, in which lay
rounded hodies of finer texiure, marked off by irreg-
ularly curving lines. Thig rock also showed indistinct
traces of organic [ragments and ooliths, Another thin
section showsg organic fragments and oolitic bodies,
together with Trochammina gordialis and a Nodosaria
imbedded in a matrix of granular calcite, Other fossils
noted in these thin Ilimestones resembled Fusulina,
Campophyllum (?), Meekopora, Fistulipera, sp. (?), Poly-
pora, Enteletes globosus Girty (?), Leptodus, Productus
multistriatus Meek (?), P. subhorridus var. rugatulus
Girty, P. guadalupensis var. comancheana Girty, P.
waagenianus Girty, P. semireticulatus wvar. Spirifer
cameratus Morton, S. mexicanus Shumard (?), Squamu-
laria guadalupensis Shumard, Pleurotomaria sp.(?). The
shale containg some yellow sandstone layers about 200
feet below its top. Some of the shale iz stony and mi-
caceous and of bluish gray color. The sand contained in
sample wag angular and measured mostly from 0.08 to
0.25 mm. in diameter of the grains. Some of the shale is
slightly calcareous, but most is not. A zone just above
the sandstone referred to yielded fossils resembling the
following forms: cup corals, Productus multistriatus
Meek, P. semireticulatus Martin (large), P. popei var.
opimus Girty, P. guadalupensis Girty, Spirifer cf, camer-
atus Morton, Spirifer sp., a fragment of a large Mur-
chisonia(?), Bellerophon nodocarinatus White, Wor-
thenia tabulata Conrad, Mecdlicottia Whitneyi Bse, and



18 Unaversity of Texas Bulletin

Thickness
in feet.

Perrinites vidriensis Bose. HEstimated thickness........ 640
24. Black or very dark limestone weathering to light gray,

laminated in layers from two to eight inches thick.

‘When heated in a closed tube, this rock yields oil and

gas. It has a close and compact texture, One thin sec-

tion was seen to contain a close tangle of minute gponge

gpicules. Another contained fragments of thin tests,

probably from ostracods, lying flat with the lamination.

In another outcrop of these layers they are partly silici-

fied and cherty. In one place it was seen to contain

cherty seams traversing the sedimentary laminations

obliquely for geveral feet. IFusulina sp., Chonetes puncta-

tus(?), a trilobite of small size (Brachymetopus?) was

represented by four pleurae. Some layers contain small

quadrangular figsh gcales. What appeared (o be a part

of a large jaw of a vertebrate, perhaps an early amphi-

bian, was also noted......... . i 50
25. Thick-bedded dark limestone, in part sandy (?) and

cross-bedded. One cross-bedded layer was four feet thick.

Fosgils like the following were noted: Fusulina elongata.

Shumard, Campophyllum texzoum Shumard, Lindstroe-

mia permiana Shumard, Fenestella sp., Enteletes dumblei

Girty, Streptorynchus sp., Productus limbatug Girty (?7)

P. walcottianug Girty(?), Productus gp., Seminula argen-

tea Shepard, SPITifer SD. «vreerrriirieriiinnenennenss 25
26. Not exposed. Thickness considerable ................. ?
26a. Laminated, shaly and calcarcous sandstone, of fine tex-

ture, in layers from one-eighth inch to three inches thick.

The percentage of sandy and calcarcous material is vari-

able in these beds. Peculiar markings were noted in the

seams of the layers, about one sixth inch wide, running

in meandering curves, so as to resemble worm tracks... 340
27. White, irregularly-bedded, masgsive, and brecciated dolo-

52 1= P 50
28. Brownish yellow, laminated, sandy and shaly, calcareous

rock, (Estimated) ....ccoiviiiiiiii i, 250

29. Gray, laminated limestone of fine texture, containing
fine sand and much chert in small nodules. A coral like
Zaphrentis was noted .......coviii i e i
30. A complex of dolomite and limestone consisting of mem-
bers from ten to a hundred feet thick. The heavier
members are mosily coarsely brecciated and dolomitic.
Some of the thinner members are distinetly stratified
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Thickness

in feet.
limestone, in which stems of crincids and a fusulina were
noted. This rock forms the uppermost high cliff of the

Glass Mountaing. . . .cuviii cr i e et 500
31. Red sandstone, frequently absent, The basal sands of the

Comanchean, Greatest thickness seen was.............. 2
32. A layer of marly limestone, containing an Exogyra, like

H. texana. This layer appears to be absent in places.... 2
33. Limestone in moderately thick benches, and containing

few f0ssils, a8 far a8 SCeN. . v vvtvr it ivrenr i irreenererann 96

The lower 1855 feet of this section represent the Lieonard
formation and, perhaps, in part, the Iless formation, comprising
numberg 1 to 23, ineclusive. It consists of some 32 per cent.
of limestone, 46 per cent. of ghale, 8 per cent. of limestone and
other conglomerate, 6 per cent, of sandstone, and 8 per cent.
not exposed, probably mostly shale,

The part of the section which is described under numbers 24
to 29, is referred to the Word formation, a part of which ap-
pears to be not exposed. The exposed part measures 792 feet.
This consists of 74 per cent. fine-grained and mostly closely
eemented sandstone, and 26 per cent. of limestone.

Number 30 is the Vidrio limestone.

Numbers 31 and 33 are the basal part of the Comanchean
Cretaceous.

Section 4.

A section in the Gilliam Canyon, extemding from the west end of
the Leonard Mountains north elong its east side, to where it opens on
the plains south of the site of the old Tessey postoffice.

Thickness

in feet.
1. Mostly limestone, in part dolomitic, with some sandstone
and conglomerate, This is the rock exposed in the south
scarp of Leonard Mountain, as far down as to the base of
the Leonard formation, The measurement is over the
west end of the mountain. In the east end of the moun-
tain it appears that the formation ig much thickened by
lateral pressure, which apparently also has caused some
layers to coalesce., A thin section from the upper part of
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© %0 Mo

10.
11.
12.
13.

14,

15.
16.

17.

Urwversity of Teras Bullelin

Thickness

this limestone is oolitic, and organic fragmental, the
matrix being somewhat coarsely crystalline. Fusulina,
crinoid stems, Trochammina gordialis and Valvulina
decurrens, were noted, ....... .. i iiiiiiian
Limestone, in places conglomeratic, shale and some sand-
stone. Some of these limestones are fossiliferous and
contain an abundant fauna. The thickness of these beds
hags not been separately measured, but they are estimated
2
A rock changing from limestone to sandstone and con-
taining silicified ammonoids and other fossils, Conglom-
eratic N PlaCes v vur it it e e e e
Mainly shale, with several sandy limestones, in part
slightly conglomeratic, and measuring mostly only a few
feet in thickness, and occurring at intervals of from 20 to
200 feet. The limestones contain Waagenoceras and a
large Productus, with various other fosgils..............
Unknown interval of probably only a few feet,........
Limestone, with a large fusulina...........c.covvnvnn,
Sandstone, with shale above. . ... i,
Limestone . .....ooniiiiin it e e e

Sandy and shaly limestone ..........vviivviienennn.n,
0 ¢ =3 0 =
Sandstone ... i s s e
ALY TOCK v iv et ittt ettt
Limestone. The pygidium of a phillipsia (Proteus major
Shumard?) was noted........ciiiimiiiriiiee i ininenan
Yellowish, light gray, and unctuous marl, seen to contain
fragments of sponge spicules and of other microscopic or-
ganic material. Heated in a closed tube, some gray silty
shale from the lower part of this member gave strong
fumes of ammonia. When washed it yielded joints of
crinoid stems, dimeres of sponge spiculeg, spines of brach-
iopods, tests of Nodosaria and Endothyra Bowmanni and
a great number of gpherical calcareous bodies from one-
sixteenth to one-fourth mm. in diameter, possibly seg-
ments of Nodosellina......o.vtiierirnniiniiinnnnnes
Conglomerate with sandstone......... e
Sandstone, in places containing calcareous material. In
the uppermost 30 feet narrow traversions resembling
worm tracks were noted on many layers of this rock....
Limestone in thick layers. Among the fossils noted were
some ammonoids, spines of palechinids with club-gshaped
terminations, various brachiopods, sponge spicules, and a

in feet.

908

350

20

600

27
23
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-3 0o ot

20
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18.
19.
20.
21,
22.
23.
24.
25.
26,
27.
28,

29.

30,

31

32.

33.

34,

35.

36.

Thickness

in feet
large-sized fusuling ...... ..ot iiiiieenanan 27
Bandstone ..o iir i i e e e it e s 8
J 5 0= 10 ) U= NS R 7
F 2N <3 o 1 1= S 8
LS OMe vttt it ie et ett e e taa e e 5
Sandstone .. e it i i e 7
Limestone. Ammonoidg noted.........covviin . 22
[ST20 A0 1S o) 4 U= S 8
LAmestone ..o e e e e 10
CaANASEOTIE vttt e e e e e 12
0580 111 1 ) o 0= PP 13
= Y16 51 7 3o Y < O 8

Gray limestone, in part sandy, thick-bedded, containing
many ammonoids, Richthofenia permiana, various other
brachiopods, and fragmenis of palechinids. The am-
monoids have been described by Dr. Bise as: Adrianites
marathonensis, Agathiceras Girti, Gastrioceras un. sp.
undet.,, G. roadense, Medlicottia Burkhardti, Stacheoceras
gilliamense, S. Bowmanni, Waagenoceras Dieneri.......
Unknown interval. Not well exposed, prchably measur-
I DAL .ttt e e e e e
Dolomitic, calcareous sandstone, of fine texture above...
Dolomitic and arenaceous limestone, with concretions of
chert, Fossils: small crinoid joints, a crinoid’ plate,
an Orthoceras, fragments cl bryozoa and of cup corals..
Yellowish, brown, dolemitic rock, responding glowly to
acid, In some layers this roeck is arenacecus, fine-
grained. Layers from 3 to 12 inches thick............
Coarse-grained dolomite. The upper part is mostly strati-
fied, and containg at least one layer of sandstone. The
lower part of the formation is a coarse-grained, gray,
massive dolomite, without marked stratification, but
showing cross-bedding in places on a grand scale, through
layers, with. a vertical measure of 40 feet. Crinoid stems
were noted in a cave in this limestone; a large fusulina
was also noted in some layers about 1400 feet above the
572 S
Dolomitie, yellowish, and in places pinkish-colored lime-
stone; mostly in layers. from 2 inches to 2 feet thick,
with a 15-foot stratum of yellow sandstone near the mid-
dle, and some small layers of sandstone near the base.
In its lower part, some layers are cross-bedded..........
Massive limestone, in part dolomitie, in part thin-bedded,
largely brecciated, and in one place seen to be oolitic, and

64

68

14

12

24

1700

743



22 University of Texas Bullelin

Thickness
in feet.
to contain shreds of bryozoa and some foraminifera.... 1358
37. Thinly laminated limestone, showing folding above.
Lower down there is brecciated limestone.............. 120
38. Brecciated limestone......c.iviviiiiiieiiriinioneensans 158
39. Somewhat dark gray, dolomitic limestone.............. 98

40. Massive dolomitic limestone, without bedding planes.
Some small gastropods and a Myalina were noted. The
rock resembles somewhat the Rustler IIills limestone... 158

This section includes the longest continuous series of sedi-
ments exposed in any part of the Glass Mountains, The lower
1878 fect represent the Lieonard formation; the next 684 feet,
the Word; the next 1700 feet, the Vidrio; the next 743, the Gil-
liam; and the uppermost 1850 feet represent the Tesscy forma-
tion. The thickness of the whole section measures 6855 feet.
This total is believed to be a fair approximation of the actual
facts. It was obtained by instrmmental determinations on dis-
tances, dip, and elevation at 83 stations, extending from the
overlying Cretaceous at the north end of the eanyon a distance
of about thirteen miles, 1o the west cnd of the Leonard Moun-
tain. This work was done independently by Mr. W. F. Bowman
under the personal direction and supervision of Dr. YTimil Bose
in 1916. The year before, the author of this paper made a rough
traverse of the same route and estimated the thickness of the
seclion to be about 7,000 feet. It is not believed that any im-
portant concealed structure occurs that will much affect the
measurements. At the contact of the Word and the Vidrio
there is evidently some favlting. This may have resulted in
throwing out three or four hundred [eel of the sandy beds of
the soction which may be missing. Elsewhere the scction ap-
pears to be perfeetly continuous. It was not possible to take
the time needed for measuring and delimiting the Leonard
and the Word separately, or fo make out any detailed deserip-
tions of the strata in the Leonard in this section, but it is be-
lieved that their eombined thickness is measured with greater ae-
curacy than in any of the other gections.

The lithologic character of the different parts of the Leonard
sediments in this section ean be only roughly indieated. More
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“than half (61 per cent.) seems to consist of limestone, less than
one-third (30 per cent.) is probably shale; sandstone may make
np six per cent. of the whole, and conglomerates two. The
argillaceous beds are'here, as elsewhere, in the upper part of
the formation.

The Word formation may not be guitec entirely exposed. On
the south side of the ridge which lies immediately south and
between the head branches of the Gilliam Canyon draining north,
there is a gap which scparates this ridge from a longer ridge
extending from southwest to northeast, a distance of nearly four
miles. The ridge on the north side of this gap is capped by
prohably the most resistant rock in the Word formation. This
is the limestone numbered 29 in the section.

The west end of this gap is drained by a narrow arroyo that
descends rapidly and that has laid bare a fairly clear section
which represents the larger part of the Word formation. The
strata exposed in this arroyo probably extend to near the base
of the formation. These beds furnish a fairly good idea of the*
nature of the sediments of which the Word formation consists.
Examining what is exposed of the whole formation, it is found
to be made up of about 48 per cent. of arenaceous rock, 33 per
cent, of limestone, 15 per cent. of materials not exposed, possibly
lavgely shale, and four per cent. of shale.

The Vidrio formation is almost entircly limestone, mostly
dolomitic. Liess than two per cent. consists of arenaceous ma-
terial and it contains mo layers of shale or clay. It is not
markedly stratified.

The Gilliam formation consists of dolomitie limestone which
shows straight and trenchant hedding. 1t contains a single
sandstone, which makes up less than one per cent. of the forma-
tion.

The Tessey formation is all limestone, mostly dolomitie, and
without marked bedding planes.

Section 5.

!

A section of the south bluff of the main ridge of the Glass Moun-
tains, beginning at ils base ai a point about three miles wortheast
of Leonord Mountain, and extending northiward up the escarpment.
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Thickness

in feet.

A limestone conglomerate which containg rounded '
boulders and pebbles of chert and quartz. Some of the
boulders contain Fusulina. The exposure of this con-

10.

11.

12,

glomerate is small and was seen in a gully some 100
paces south of the line where the overlying limestones
begin to appear in continuous exposures. This conglom-
erate ig believed to be the basal conglomerate of the Hess
FOrmation .......cveenriiiier ittt i
Not exposed. Probably shale.................couviinan
Hard, calcareous rock, with a lumpy structure, sheared
=) o 2 1
Dark bluish gray clay.....coviiieriiiiiinvereennnenans

Gray dolomitic limestone. The erystals measure about 0.1 )

mm, in diameter. Small bodies of limestone remain un-
changed in the dolomite. These are sharply marked off
from the rest of the rock and show traces of organic frag-
ments., These gmall bodies are also sheared vertically..
Nat eXPOSEA. . vttt ettt ieennnrteaonneenaeansnronnsos
Compact, impure, gray dolomitic limestone, showing white
specks. In thin section this rock is seen to consist of a
fairly uniform mass of crystals measuring about 1 mm,
in diameter. The white specks are unaltered organie
fragmental limestone, sharply marked off from the rest
OFf the XOCK. ... ittt iinnnerrsiceenennennnnnns
NO BXPOSUIE .ttt amerotcansoronaasaestotoenneranesns
Gray limestone., Crinoid stems and spines of palechin-
oids moted ... .cviiiiiiiiii i it i et e
Gray impure limestone, in part in thin layers. In thin
section this rock is seen to be oolitic and to also contain
organic fragments. Tifty per cent of the mass of the
rock consists of ooliths from .3 to .6 mm, in diameter,
their outlines being poorly defined and the confaining
matrix secondarily crystallized, Crinoid fragments and
pieces of ostracod shells and other shells were noted.
Trochamming gordialis, Endothyra and a Nodosaria were

Gray, compact limestone in thick beds, the upper 25 feet
dolomitic. In thin section this rock is seen to have an
obscure oolitic structure of fine texture and to contain
minute sponge spletles....vovevieriiiiiiiiiiienneaaan
Very compact, gray limestone, containing TFusulina,
crinoid stems, and spines of sea urching. In thin see-
tion this rock is seen to be oolitie and organic-frag-

34
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b

20

15



13.

14.
15.

16.

17.

18.

19.

20.

21.

22.
23.
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Thickness

mental in nature, of fine texture and to contain sponge
gspicules, fragments of ostracod shells, Trochammina
gordialis, and spines of brachiopods...................
Gray limestone, dolomitic in places, with many Fusu-
linas imbedded. 1In thin section it is seen to be very
fine in texture, organic-fragmental, and to contain spic-
ules of sponges, Trochammina gordialis, Nodosaria, and
spines of brachiopods.. ...ttt ieeeninienannnss
Gray, compact limestone..........ooviiiiiiinniinvne,
Light gray and in part pinkish gray limestone, cut by
many small fissures, filled with calcite. Fogsils noted:
many foraminifera, crinoid stems, Fusulina, bryozoa,
shells of ostracods, and spicules of sponges............
Gray, compact limestone in somewhat thin layers, and
containing some dark chert........... .o it
Gray, compact, dolomitic limestone, calcareous in places.
It contains small caleareous shell fragmentg and small
crevices filled with quartz and caleite. Above it is more
thin-bedded than below..... ..o iiiiiei e
Gray, in part oolitic, limestone studded with Fusulina
and other foraminifera in profusion. 'The rock contains
imbedded lumps, differing in texture from the body of
the rock. In thin section this rock showsg much re-crys-
tallized material in which can be seen distinct ooliths
and fragments of organic remains, and entire fora-
minifera, among which Trochammina gordialis, Nodo-
saria, and PFusulina were noted. In some of the gray
lumps referred to above, a Fusulina c¢ccupied the center
Soft beds not well exposed. In thin section some lime-
stone from this member is seen to be considerably
altered, but shows many organic fragments, some ooliths,
gponge spicules, pieces of valves of ostracods and many
fragments of echinoderms...........c.ovueviiinnnnonn..
Compact, gray limestone of dim organic-fragmental
texture, and containing some fine angular sand grains,
measuring from 0.2 to 0.3 mm. in diameter..... P
Somewhat dolomitie, organic-fragmental limestone, with
Fusulina in profusion. In thin section the rock is seen
to be traversed by irregular tracts of secondarily erys-
tallized material. Trochammina gordializs and spicules
of sponges were noted......... e siese it
Soft limestone .......ovviviveiiriin, e ean e
Compact, organic-fragmental limestone, with foraminifera
in the upper six inches in profusion...............

in feet.

22

38

35

11

78
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26

24,
25,
26.
21,
28.

29.

30.

31.

32.

33.

34.

35.
36.
37.
38.

39.

40,

University of Texas Bullebin

Thickness

Gray limestone, dolomitic above.............vvvvinn.
Mostly dolomitic limestone...........cooiiiiiiiy,
Gray limestone of fine texture, in part dolomitic........
Organie-fragmental limestone, containing many Fusulina.
Organic-fragmental limestone wilh minute concretionary
structures and containing Fusulina. In thin section the
rock is seen to bhe oolitic. Three-fourths of the mass of
the rock is secondarily crystallized, and its original struc-
ture ig only partly preserved...... ... .coviiieiiinen
Two well-marked ledges of organic-fragmental white lime-
=] 7o § S
Light gray limestone. In thin section thig roclk is seen
to be oolitie, with ooliths poorly preserved and irregular
in form. Fessils noted: Trochammina, Nodogaria, bry-
ozoa, brachiopod spines, sponge gpicules, shells of ostra-
cods and fragments of crinoid stems. Much of the rock
is secondarily crystallized......... .oty
Light gray limestone mostly of fine texture and with two
thin layers of dolomite. In thin scction the rock is scen
to be considerably altered by crystallization. Shells of
ostracods, Nodosaria and Fusulina were noted..........
White, mostly dolomilic limestone. In thin section a
piece of this rock is seen to be crystalline, with crystals
averaging a half mm. In diameler....................
Gray limestone of fine texture. In thin section this
rock is seen to be oolitic, but largely secondarily crys-
tallized, and with the ooliths poorly preserved. Crinoid
fragments, Trochammina gordialis, Nodosaria, fragments
of ostracod shells, and of various spines, and sponge
spicules, were ncted. . ... ..o i e
Gray limestone of fine texture, in part dolomitic. In
thin section shellg of ostracods, a Nodosaria, and a Fusu-
lina were notCd. . ... i e e e
Organic-fragmental limestone of fine texture.............
Dolomitic limestone .......coiiiniiii ..
Limestone of fine texture, in part dolomitic............
Gray organic-fragmental limestone, containing concre-
tionary structures or Ilumps up to one-fourth inch in
diameter, Fusulina and crinoid stemg noted.........
Gray limestone of fine texture, in part dolomitic, The
uppermost layer contains sub-cylindric concretionary
bodies, with a porous central tract, one-fourth to one
inch in diameter. Casts of a small high-spired gastropod
noted. In thin section the rock is seen to contain angu-
lar cavities filled with caleite........ ... o,
Limestone of fine texture, in part dolomitic..............

in feet.
28
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44
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This section consists mainly of limestone. About one-eighth
of this limestone is dolomitic. Only some two per ecent. consists
of conglomerate and shale. It represents the lower part of the
Hess formation and mecasures 1092 fect.

North from the ridge where this seetion was taken, is a val-
ley which separates it from another ridge that is in part made
up of the Leonard beds. In the valley mentioned there is an
intrusion of syenile porphyry, like that of Iron Mountain. This
has caused some dislocation in the scdimentary series. Part
of the north ridge consists of a grcat thickness of a very coarse
conglomerate, which cvidently belongs to the Leonard forma-
tion. The following section (Number 6) may be regarded as a
continuation of this section (Number 5) wilth the Leonard and
the upper part of the Hess omitted. The distance between the
top of seetion Number 5 and the basc of Scetion Number 6
is nearly two miles. As the average dip to the north is at least
10 degrees, it would appear that the thickness of the omitted
beds is ncar 2000 feet. This would make the combined thick-
ness of the Hess, the Leonard, and the Word, on the line of
these two sections,kabom 3760 feet.

Section 6

A scction from the top of o small hall about vne mile enst-northeast
of Hess Tank and cwxiending north 20 degrees west for about a mile
and a half. (By Mr. Bowman).

Thickness

in feet.
1. Brownish, coarse dolomite in heavy ledges dipping 6
degrees north, 20 degrees west. The rock is exposed along
the top of the hill for 1250 paeccs. On the weathered sur-
face such fossils were found as: Tusulina elongata Shu-
mard, Cystothalamia? gp., Campophyllum texanum Shu-
mard, Cladopora? sp., Fistulipora sp., Domopora ocel-
lata Girty, Enteletes dumblei Girty, Acanthocladia
guadalupensis Girty, Leptodus americanus Girty, Pro-
ductus guadalupensis Girty, Productus meekanus Girty,
Richthofenia permiana Shumard, Rhynchonella? (Pug-
nax) indentata? Girty, Pugnax? bisulcata Shumard, Die-
lasmina guadalupensis Girty, Spirifer cameratus Morton,
S. cf. kentuckiensis Shumard, Ambocoelia planoconvexa

Shumard, Orthoceras SpP......o.ieiter et eenennn 50
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Thickness
in feet,
2. Reddish brown, sandy limestone interbedded with shale. . 20
3. No exposure. Aviculopecten carboniferus Stevens was
found on the talus on this member................. ... 190

4, Ledges of dark dolomite, The fossils found here were:
Crinoid stems, Productus texanus Girty, Paraceltites aff.
elegans Girty, and P. multicostatus Bése................ 46

5. Yecllow, laminated, sandy limestone, alternating with a
few layers of shale. “Worm tracks’” were noted in sandy
B R0 Y= e ) o U= T 150

6. Dark limestone alternating with a few streaks of fine-
textured yellow sandstone at the bottom ,and with a few
dolomite ledges at the top. TFosgils noted were: Fusulina
elongata Shum., crinoid stems, Fenestella capitanensis
Girty, Fistulipora? sp., Bryozoa 2 sp., Enteletes dumblei?
Girty, Chonetes sublicatus Girty, Richthofenia permiana
Shumard, Productus guadalupensis Girty, P. walcottianus
Girty, P. sp., Spirifer cameratus Morton............... 215

7. Massive dolomite ledges. Bryozoa noted................. 47

The 671 feet included in numbers 1 to 6 of this section repre-
sent the Word formation. It consists of about 80 per cent. of
mostly sandy limestone, with some shale, and some sandstone
of fine texture,

Section 7

A section catending north-northwest from Wolfeamp. (Wolfcomp
i located at the south foot of the westernmost of several hills, ex-
posing a white, heavy-bedded limestone member of the Gaptank forma-
tion., These hills constilute a line of foothills below the main escarp-
ment of the Hess limeslone, which exiends from the Hess Tunk to
Gap Tank., The locality is about siz miles east and one-half mile north
from the east foot of Leonaurd Mounlain, and is marked by an old
excavation for an open well.)

Thickness

in feet.
1. Beginning below. Greenish-gray shale exposed in the
base of the bluff, and explored in an open well. Am-

modiscus was found in this shale..................... 100

2. Benches of dark limestone, interbedded with layers of
shale. Some large jointg of crinoid stems noted. A
plece of thin limestone was found to contain shells of



Teoe

10,
11.

12.
13.
14.

15.

16.

17,

18.
19.
20.
21.
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Thickness
in feet.
Ostracods in profusion, and some imbedded sand grains. 20
Limestone conglomerate, weathering yellow in places.
This containg varioug fossils such as cup corals, several
brachiopods, crinoid stems, Tugulina, Athyris, and spines
of echinoids .......i it i et 10
Probably mainly shale. Not well exposed.............. 10
Limestone in thick layers, fossiliferous................ 10
Probably mostly shale. Not well exposed............... 32
Thick ledges of white limestone, containing large brach-
iopods, and cup corals, conglomerate in places......... 17
Shale, silty, and somewhat calcareous. When washed
and closely examined it yielded sponge spicules and a
typical Ammodiscus. Thig shale conlains a rich fauna,
largely new. REight genera and twelve species of am-
monoids have Deen recently described by Dr., Bise.
These were collected from less than a half acre of
ground immediately on the north side of a small hutle
capped by the limestone of the preceding member. Thege
were: Agathiceras Frechi, Daraelites texanus, Gastro-
ceras modestum, Marathonites J. P. Smithi, M. sulcatus,
M., vidriensis, Paralegoceras diversicogtatum, Udden-
nites Schucherti, U, mincr, Vidricceras Uddeni, V. ir-
=T D2 < 8¢
A limestone which weathers brown and consists largely
of fragments of shells ,.....ovr ittt iinannnn 1
Shale containing various ammonoids.................. 18
Thick-bedded limestone, in part conglomerate, in places
fossiliferous. The thickness of this member varies from
16 to 60 feet in the immediate surrounding of the
SECLIOI. © vh i i e e e e e 20
1 2 ) - T 22
Shell breccia limestone, weathering brown............. 2
Shale, in part very dark and almost black. It appar-
ently contains some {hin calcareous layers, in which
erinoid remaing OCCUL. 4 vvv e vt in i in it tirreesennenss 88
Shell breceia limestone, containing bryozoa, brachiopods,
and crinoid stems. ... ... i i i e e e 1
Shale, not well expcsed. ... .ovrrvrrii it irinenvinnnans 44
Shell breccia, changing to a conglomerate with some
rounded quartz pebblies to the east................. ... 3
Shale, . .iiieeiiiiiiineiiianaane., e eseee e, e 4
Yellow Hmestone . ... oo iiii it ee i, 3
[ 072 1 - O [ - 4
Yellow limestone, containing many fragments of shells.. 5

29



30

22.
23.
24,
25.
26.

27,

28.

29.

30.

31

32
33.
34,
35,

36,
37.
38.

39.
40.
41,

42,
43,
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Thickness
in feet.
Shale, not well exposed..........cviiinriiiiiennna.. 55
Yellow HHmMeStome v vttt ittt een s nare e 1
Shale, not well exposed. ... it i it i 77
Yellow limestone, somewhat a shell breccia............ 1
Shale, not well exposed, in part greenish gray in color,
ANA CALCATEOTIS ot vttt ittt et i te et eae et aaaaaaen 100
A conglomerate consisting mostly of pebbles from one
to five inches in diameter, and varying in thickness
from 27 to 45 feet. Tt containg crinoid stems in a
marly matrix in some places. (This no doubt is the
hasal conglomerate to the overlying Hess limestone.) .. 40
Not well exposed, probably mostly shale. Some of this
shale was seen to be very fine in texture and slightly
CAlCATEOUS. & veevr v nr s v titeantseencnsraoaanans 200
Gray dolomitic limestone of fine texture, weathering
brown, and contalning pockets of caleite.............. 6
Layers of deolomitic, conglomeratic and other limestone,
not well exposed and probably interbedded with some
shale. A thin gection of a limestone from this member
shows partial alteration to a rock of coarse crystalline
texture. In this occur various organiec fragments, in-
cluding Fusulina. Three thin sections are oclitic lime-
gtone, with imbedded shell fragments of ostracods and
foraminifera. Still another thin section shows organic
fragmental material with Fusulina, sponge spicules and
tubular foraminifera, like Trochammina, and also
OSTIACOA VAIVES vt vrrrre e iiitanansiaacanensnannss 187
Thin-bedded gray limestone with some layers contain-
ing Fugulina in profusion.........cceviiirieiiiiinnan 132
Hard, compact, gray limestone....................... b
Thin-bedded, gray limestone......ccoviviaveeerrnennss 15
Hard, compact, gray limesfone........ ... ..o i, 4
Thin-bedded gray limestone, of somewhat compact
R o= 21
Two layers of compact, gray limestone................ 8
Thin-bedded limestone, not well exposed.............. 11
Compact, thick-bedded, gray limestone, "with pockets
filled with calcite. ... oo ittt e iianan, 6
Thin-bedded, gray limestone......cceevveeenvraersnea. 16
Compact, gray limestone........cooiiiiiririineenn.n 4
Compact, gray limestone. Thick and thin layers inter-
bedded. & «oviiiieiit it e i ittt it a e e 38
Compact, gray limestone in a single layer............. 6
Not well exposed, probably soft limestone or marl...... 45



44.
45,
46,
417.
48.
49,
50.

51.

52.

53.

54,

55.

56.

57,
58.
59.
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Thickness

Compact, gray Jimestone........oeveiineenensnscnaans
Thin-bedded limestone ..........cvviiniiernieeneenna,
Limestone in one single layer......... ... ... vt
Layers of gray limestone, allernating with ‘softer lime-

Thin-bedded gray limestone interbedded with some
shale QbOVE ...ttt it i i e it e e
Thick beds of gray limestone, inlerbedded with lime-
stone of thin layers......oooiiiiiiiiii it ineiiienes
Thin-bedded, gray, compact limestone. A flat-coiled
gastropod was noted......... . it i e
Thin-bedded, gray, compact limestone, with two well-
marked layers of thick-bedded limestone bhelow, and
with some shale above. A bed ahout forty feet below
the top of this member is oolitic and foraminiferal.
The uppermost layers contain Bellerophon, Mpyalina,
Archeocidaris, Pinna, various gastropods, crinoid stems,
producti, and cup corals. A thin section of the ooclitic
rock about forty feet below the top of this member
shows the ooliths to be oval and mostly from 0.2 to
0.5 mm, in longest diameter. It has cavities filled with
clear calcite that have the shape of thin shells, such
as those of ostracods. These lie flat ‘with the bedding
of the rock............ e e e e
Masgsive limestone, somewhat dolomitic. Plates and
spines of palechinids were noted in some ghale in this
member, which also containg stems and plates of
crinoids and a Fusulina. Two strong limestone layers
appear in this member...... ...ttt
Limegtone, moderately thin-bedded, alternating with
dolomite, . oottt i e e e e e e i e
Gray limestone in two thick beds, capping the escarp-
90753 13 A
White limestone containing many ostracods and forami-
B 2 T
Thin-bedded limestone containing many fusulinas in
many cases surrounded by a thick envelope of con-
centrically laminated structure, the whole forming
nodules from one-eighth to one-fourth inch in diameter.
The encrusting laminations consist of granular cal-
careous material ...... ... ... . i i i e,
Fusulina-bearing limestone, light gray in color........
Dolomitic limestone .......ccviiiiiiiiininieninnenns

in feet.

55

210

236

88

350

77

50

16

16
16
11
55
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60.

61.
62,

63.
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Thickness

Gray dolomitic limestone in which one layer contains
many scattered crystals of calcite about one-eighth inch
in diameter. In thin section this rock is seen to be
minutely granular in texture, showing obscure traces
of organic fragments originally contained. The im-
bedded crystals range from 1 to 10 mm, in longest
[ T e =Y <1 o
Thin-bedded gray limestone with some dolomitic layers.
Alternating layers of gray limestone and dolomitic
limestone layers. In the upper part of this member
balls of flint from 3 to 6 inches in diameter occur. A
Fusulina of large size occurs in placegs in abundance
and in association with the chert. A Seminula, some
bryozoa and crinoid stemg noted...... ..o,
Gray dolomitic limestone, and other limestone, in mod-
erately thick layers. v e ot iiienernneveennrons

in feet.

11
38

T

182

\

{
At this point there is a sudden increase in the dip and this may

be due to a fault with downthrow to the north.

the absence of the greater part of the Leonard formation.

64,

65.

66.
67.

6S.
69.
70.
71.
72,

73.

Gray, marly, soft limestone, containing pebbles of white
quartz, of black fissured quartz, and of limestone. In
places this rock is induratcd and conlains silicified fos-
sils like thoge found in the Delaware and the Guada-
Iupian formations .............. Cetteeeer e
Red sandstone and sandy limestone, in which a Pro-
ductus was noted ......... et eaa s eae e e
Yellow and reddish sandstone.......ccooiviiieiiinee,
A gray limestone of granular texture, containing some
sand. Some bryozoa and several Valvulina were noted
in some thin sections. Another thin section is compact
oolitic and organic fragmental limestone, in which the
oolithg are from 0.3 to 0.9 mm, in diameter, of some-
what irregulur shape and lying close together, among
shells of ostracods and fragments of other shells. Much
of the rock in thig thin section is secondarily crystal-

line. . ..ovviniririiennnen [P e h et
Red sandstone ......couvvus P
Crinoidal, crystalline limestome............... ... ..
Reddish and yellow gandstone.........ccoovvvienn...
Gray, fossiliferous limestone...........cccvivvvennenns
Reddish sandstone .....c.covuiiivnnnnies Cerreasens .

Gray, marly, and fossiliferous limestone...............

23
25

= ot ca

1

8+

[

Thiy would explain
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Thickness

in feet.
74, Yellow sandstone ..........coccvnvnnnn. e 11
75, Impure Hmestome .. ..cunt ittt it iaaen 1
76. Marly, gray sandstone. .........c.ouineniiiiniiiiiinn, 11
T7. Concealed. . . ittt e e e e e e (M5
78. Fecssiliferous limestone .....o.ovvi i, 2
79, Yellow sandstone, in part marly.......... ... ... ..., 7
80. Sandy limestone ...... ..ottt it 1
81. Not exposed, perhaps shale.......... ... . o i a3

82, Tosgiliferous limestone, studded with a large Fugulina
on upper surface. Bryozoa and a small cup coral were

0] <Y N 7
83. Not well exposed, probably shale........... .. oot 46
84. Limestone in a single bed, wilh silicified fossils........ 3
85, Very thin-bedded, dark gray limestone of compact texture 40
86. Crinoidal Hmestone ......o.iit it ienernas 1

87. Very fine-textured, hard, almost Dblack, Dbituminous
limestone, showing very thin and even laminations, and
containing cherty and sandy layers which weather red. 47

88. Blue sandy and caleareous layers of rock, in part cherty
and weathering red throughout. Thickness about...... 200

89, Massive dolomitic limesione, with apparently some
softer Inter-bedded layers. Cup corals, spirifers and

preducti were nated ... e . 137
90. Sandstone, weathering red, and containing much chert. 8
91. Cherty limestone .......co.iitiiriiin i iieannn 3
92, Cherty sandstene, weathering red............,. 0oL, 12
93, Gray dolomitic limestone, containing a large IFusulina

and other fos8il8.. ... ivii i it i e it iaennas 16

94, Sandy and cherty limestone weathering red, and con-
taining a small Productus in profusion in a three-inch

Chert Jayer ..ttt e e et e 5
95. Dolomitic Hmestone ........... ...t iiinvan.. 8
96, Sandy limestone, weathering red..................... 5
97. Dolomitic limestone, weathering gray, and having a

Fusulina., . it e e e e e e 4
98, Cherty dolomite, weathering red........... o 13
99. Cherty dolomite, weathering gray, and containing Fusu-

1ina I0 7e8EE ch vttt e e e e e 25

100. Sandy and cherty dolomite, weathering red and alternat-
ing with calcareous, cherty and concretionary, thin-
hedded 1imMeStOne .....ccvviiirernrnrnereneriennonsnn. 55
101. TIrregularly bedded dolomite in thick strata, containing
considerable chert in mostly irregular and varying
shapes. It weathers to a rough ground. Fusulina and
some other fossils occur sparingly.................... 540
102, Limestone of Cretaceous age overlies the north end of
the section
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The numbers from 1 te 9, inclusive, represent the Gaptank;
in all, 280 feet. Thesc consist of 81 per cent. shale and 19 per
cent. limestone. In one ease the limestone is conglomeratie.

Numbers 10 to 26, inclusive, have been called the Wolfeamp.
This measures 448 feel in thickness, and appears to be uncon-
formable with the Gaptank. Shale makes up 92 per cent. of
the Wolfeamp. The remaining 8 per cent. consists of thin
Limestones which in many places are eonglomcratic, or consist
of sorted and well worn fragments of organic remains of small
size.

The numbers from 27 to 63, inclusive, represent the Hess
formation, which here measurcs some 2150 feet. This forma-
tion, here, as farther west, is made up chiefly of limestone,
which constitutes about 68 per cent. of the whole; and of d.lo-
mite, which makes some 16 per cent. The remaining 16 per
cent. is mostly shale, or, at any rate, beds yielding more readily
to the destruective process of erosion, so as to be more or less
concealed.

The greater part of the Liconard formation is either croded
away or faulted out of thig scelion. A sudden change of dip
which was noted between numbers 63 and 64 suggests the pres-
ence of a fault that may have thrown most of this formation
below the surface. The rocks deseribed as numbers 64 to 84,
inclusive, are believed to represent the upper part of the forma-
tion. These have a thickness of no more than 20€ feet, and
consist of 49 per cent. of sandstone, some 38 per centl. of shale
and unexposed beds, and only 13 per cent. of limestone. A
Waagenoceras was noted in the upper part of this division of
the section.

The part of this section which is referred to the Word forma-
tion eomprises numbers 85 to 100, with a thickness of 579 feet.
It is made up of about 60 pecr cent. of limestone with 40 per
cent of sandstone or sandy limestone of fine texture, and ap-
parently no shale. Tt is evidently the upper part of the Word
formation which here mainly comes into view. Very likely also,
the shaly beds of the formation have been very much reduced
by being squeezed out or by being compressed. Some of the soft
caleareous shales may also have become indnrated to the extent
that they can no longer be recognized as shales but resemble
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impure limestone. Some cexposures in an arroyo farther west,
which draing into the Hess Canyon, show, at any rate, evidences
of shearing on an extensive seale, in the horizon of the Leonard
and the Word formations.

The 540 feet described under number 101 in this section
represent the Vidrio limestone which is eapped at this place,
as farther west, by the basal beds of the Comanchean Cretaceocus.
It is nearly all limestone.

Section §

A secction of the face of the east extension of the main eséarpment
of the Glass Mountains of a point about five miles west from Gap
Tank. The section bogins at the foot of the escarpment, where there
i8 @ small water tank, und from where a wagon road leads past some
dwelling places up the face of the escarpment and northward.

Thickness
in feet.
1, Shaly Deds ...vviiriitiiintiiae i ineesriessnennennns 15
2. Brownish sandstone .....cceiiiiiiiii it i,
3. Shale. . ......... e e e e ettt e, 50
4. Sandstone, calcareous, brownish in color............... 80
5. White, hard limestone, containing a few pebbles of crys-
talline texture, above. Crinoid stems, a Myalina and a
Seminula were noted near the base.................... 30
6. Soft, marly beds. ...t i i e e e 26
T LAmestone. & ottt i i e et 15
8. Soft lImestone ...ouviineeii it iacotntnennnnss 17
9. White limestone, largely crystalline in texture......... 35
10. Laminated, goft limestone................ .. ... 15
11. Hard, white limestone......... oo iiiiii i iiinneennn, 10
12. Thin-bedded, marly limestone, and shale............... 30
13, White limestone. ..o viri i ii ittt iei it ennininaannns 20

14. Conglomerate of coarse rounded limestone boulders,
mostly three inches in diameter. This is apparently the

basal conglomerate of the Hess formation.............. 20
15. Marly, soft limestone and shale, not well exposed...... 11
16, Red shale .....tiiiiin it ittt ineaenatnnstnnennens 6
17. Greenish gray shale, or Clay.... o rriiiinennscnenns . 2
18, Gray marl ...ttt et i e et 6
19, Yellow limestone .....evririnmniit it iiiiiernnrnnnn 1
20. Reddish and yellow ghale or clay......cevvvviueanens. . 14

21. Yellow limestone ........... e reeeeennea . 1
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Thickness
in fee*.

22, Bhale ..o e e e 4
23. Yellow Limestone .......coiieiniinninrneannteenannn 3
24, BhAlE. v i e e et 11
25, Yellow limestone .......coiiiuniiiiiiniiiie s 1
268, Shale, et 16
27. Yellow HHmestone ........veiiiiiveiniiirnenniinernnns 1
28. Shale, in part reddish......... .. ... . ool 18
29. Yellow limestone ...... ..ot iininnenas 2
30. Gray sandstone, cross-bedded........... ... oo, 24
31. Shale, mostly blue, in part reddish...................... 17
32. Yellow limestone ............. i i il 1
33, Qray sandslone. . . .ot i e e e 12
34. Gray sandstone and shale............ . ivriiiininn, 16
35. Gray, cross-bedded sandstone ......voveiiieinn e 17
36. Greenish shale with streaks of red shale and calcareous

material ... e e e e 55
37. Yellow, sandy limestone ............ .. . il 1
38, Gray ShHale ..ot e e e e 40
39. Gray sandstone of fine texture............ ... ... ...... 5
40, Gray shale. . ...ttt it i e e e 11

41, Gray limestone of very fine textiure, containing Fusulina 38
42, Shale .o e e e e e e

43, LAMeStONe ... i e e e 2
44, Shale and limestone .........cvciviiiiiniiinarniiiias 8
45. Gray limestone with many Fusulina.................... 3
46, Shale L e e st e e 13
47, Gray limestone of fine texture........ ... .o, 22

~ The lower 855 feet of this section including the numbers
1 to 20, congist of the Gaptank formation. It will be seen that
this part of the scetion consists of about 43 per cent. of lime-
stone, 25 per cent. of sandstone, 23 per cent, of shale, and 9
per cent. of marl. The upper 402 feet represent the basal part
of the Hess formation, and this consists of about 55 per cent.
shale, 19 per cent. limestone, 17 per cent. sandstone, 5 per cent.
conglomerate, and 4 per cent marl.

Section 9

A section along o line running approximately northwest from a point
about two miles west of Gap Tanlk. This section begins some 100
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yards south from the foot of ihe east extension of the main Glass
Mountain escarpment and conlinues up the face of this escurpment
to the base of the basal conglomerate of the Hess formation,

S

X

10.
11.
12.

13.
14.
15.

16.
17.
18.

19.

20.

Thicliness

Dark gray limestone in layers of from one to two feet
in thickness. Small brachiopods and crinoid stems
Y03 = o KOO
Light gray, coarse-grained, irregularly-bedded limestone
NOt EXDOSCA v vttt et ettt ettt e i e,
Dark gray limestone, weathering yellow...............
Yellow clay or shale, exposed in someé places............
Dark gray limestone, weathering yellow. DBryozoa and
crinoid stems noted ... i e
Nothing exposed, probably shale................covv.n.
Dark gray limestone, weathering yellow................
Mostly not exposed, but containing some beds of soft
yellow limestone and shale, . . ........ .. o i
Gray limestone, weathering yellow........... ...
Not exposed, probably shale...............coviiivin.
Gray limestone containing crinoid stems and having
many peculiarly interwoven fragments of shells. These
are about a sixieenth inch thick and mostly about one-
fourth inch in diameter. They lic in all positions in a
matrix of finely granular calcareous material in which
were noted a few indistinect traces cf organic fragments.
This rock resembles a limestone occurring in the Cisco
formation at Cisco, in Eastland County.................
Compact, dark gray limestone.............. .. cc.vn...
Sandy, gray Hmestone.......... .. o i,
Slightly indurated, marly rock, with thin layers of
vellow 1imestone ...ttt ittt in et innann.
Dark gray limestone........... ..o,
Yellow limestone in thin layers.............. ..o enn,
Gray, soft limestone containing ecrinoid stems and
peculiarly interwoven fragments of thin shells. Like the
rock deseribed under number 12, above.................
Covered by talus, probably consisting of rock like that
described under number 18, above........ ... il
Apparently a single bed of massive white limestone....

in feet.

66
70

28
50

This section includes the uppermost 525 feet of the Gaptank

formation, which, if all is counted that is known from other
exposures, probably measures four times as much as this section.
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This section contains about two-thirds limestone, varying from
marly, soft roclk to hard white limestone; and onc-third argil-
laccous rock, varying from marly to non-caleareous deposits.

DESCRIPTION OF THE FORMATIONS.
The Gaptank Formation

Above the Haymond Formation, which has been deseribed by
Mr. C. L. Baker in the accompanying paper, there is a thick
deposit of shale underlain and overlain by some limestones
and sandstone. These deposits are estimated to measure in the
neighborhood of 2000 feet. The sequence of the different parts
of the formation has not been wholly made out. In its lower
part are limeslones, marls, and sandstones with a considerable
fauna. These oulerop at a point about three miles south of
Gaptank where they are tilted at high angles and are overlain
by the Comanchean, which caps a projecting angle of the Glass
Mountain escarpment. It is belicved that these beds are also
exposed over an arvea lying just outside of the older Palecozoic
about four miles west of Marathon, mostly north of the 1ailroad.
Some of the shale is calcarcous, some 1s free [rom caleareous
material. In ceolor it varics from light to dark gray, in places
being greenish. The limestones are mostly less than five feet
thick, and in places they arve studded with Fusulina. There
were also found stems and pinnules of crinolds, an Ammodiscus
of very syinmetrical spiral foim, Endothyra Bowmanni, Troch-
amming inceria, Haplophragmivn veclum (2), Bigenerina, sp.,
Climacamminag, sp., Leluole Bennicana, Valvuling bullodies (?),
various tubular foraminifera and spicules of sponges. The
shale and the limestone layers contain a large fauna from which
Dr. Bose hag desevibed Schistoceras Smiathi, and in which Dr.
Beede has identified the following forms:

Axophyllum

Chuaetes, sp. -
Helerocoelia aff. Beedi Girly

Coelocladia? sp.

Chonetes mesolobus N. and P.

C. verneuzlianus, N, and P.
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Pustule punctate (Martin)
Productus, several species

P. cora 4°0Orb

Fuswline, sp.

Wewokella, sp.

Composita argentea (Shep.)

C, cf. mexicana Girty

C. cf. mexicane guadaloupensis Girty
Enteletes aff. Waagent Gemm,
Marginifera splendens (N. and P.)
Meekella cf. difficilis Girty

Pugnax rockymontane (Marcou)
Pustule nebrascensis Owen

Spirifer cameratys Morion

Spirifer musakheylensis Dav,
Spiriferina kentuckicnsis Shumard?
Squamularie perplexe McChesney?
Chenomya leavenworthione Meek
Nuculopsis ventricosa (Hall)
Bellerophon percorinatus Conrad
B. {ricarinatus Conrad

B. var. tricarinetyus Shumard

B, crassus M. and W,

Buphemus nodocarmnatus (New Harmony var.) White
Euphemus cf. carbanarius Cox
Pleurotomaria, group of P. altaica Vern.
Porcellic sp.

Trachydomia whecleri (Swall.)
Trachydomia, sp.

Trepospira cf. illinoiensis Worthen
Worthenia aff. tabulate Conrad

From the locality where these fossils were taken Professor
C. L. Baker has identified also a Tegulifera, a form somewhat
closely related to Richthofenia.

This division Dr. Beede correlates with the coal-measures of
Kansas. .

The middle half of the formation is not well exposed in the
localities visited. No doubt it consists of very little else than
shale, which in all probability extends as a belt a half mile or
more in width south of the foot of the southernmost esearpment
of the (lass Mountains, excepting in the region of the Iron
Mountain. The sofiness of this part of the formation has per-
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mitted it to be generally eroded away and it is rarely exposed,
oceupying, as it does, low places on the plains.

The upper part of the formation is exposed at Gaplaunk, and
westward from this place it rises one or two hundred feet in
ihe main escarpment for the first five or six miles. For the
next six miles its uppermost member, which is a hard, thick
limestone, appears discontinuously in a southwestward direction
and forms a row of low hills that rige from the plain half a mile
or more south of the main escarpment.

This upper part of the Gaptank is alone represented in the
sections 7, 8, and 9, previously given. Ii constitutes the lower
525 feet in the last of these three sections. There are some
differcnees in the rocks of the three sections. As described,
the sediments consist of aboul 43 per cent. limestone, 34 per
cent. shale, and clay, in part marly, and 23 per cenil. of gand-
stone. The smaller linestones are all impure and some of
them border on marls. Two layers about a hundred feet apart
are characterized by the occurrence of what appears to be a
number of fragments of some brachiopod shell, which lies in a
tangled profusion in the rock. A layer of this kind of lime-
stone is seen at Cisco, in the central part of this state. Near
the top of the formation there is a thick white limestone, almost
without bedding plancs, measuring from 10 to 40 feet. In the
westernmost exposures there appear under this limestone some
thin limestones which contain a small amount of conglomeratic
material,

In a collection of fossils taken from this upper part of the
Gaptank, Dr. Beede has identified fossils from which he con-
cludes that the formation probably reaches up into the Elmdale
of the Kansas section. His list of identified forms is as below:

Fusulina aff. longissimoides Beede
Fusulina, two other species
Schwagering aff. princeps
Meekopora, two species

Rhombopora lepidodendroides Meek?
Chonetes grenulifer Owen
Composita argentea (Shep.)
Hnteletes Oelerti Semm,

Geyerella? sp.
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Muarginifera splendens (N. and P.)

Meekella, two species

Productus guedaloupensis comancheanus Girty
Pustulg punciate (Martin)

Spirifer comeratus (Mort.)

Euomphalus pernodosus M. and W.

Euphemus aff. curbonaria Cox
Omphalotrochus? sp.

Tt will be convenient to refer to the 1wo caleareous members
of this formation respectively, as the lower (aptank and the
upper Gaptank. Dr. J. W. Beede’s studies show that there
must be a congiderable interval between the two, and it may bd
found that they should be treated as separate units. The lower
fossil-bearing horizon of the (faptank is certainly Pennsylva-
nian, and from the present studies it scems likely that the upper
Gaptank represents our uppermost Pennsylvanian in the west-
ern part of the state.

Suffieiently elear exposures near the lower limit of this form-
ation have not been seen by the writer, and he can not at present
say whether or not an unconformity exists between the Iaymond
and the Gaptank. The Haymond is not only tilted at high
angles, bui its exposures lie nearer to the center of the axis
of disturbanee than those of the Gaptank. The same comparison
may be made between the lower Gaplank and the upper Gap-
tank. The upper Gaptank has not been seen to dip at a higher
angle than one of about 25 degrees, but it is known only on
the northwest flank of the Marathon disturbance where it goes
under the gently dipping series -of the Permo-carboniferous.
Dr. Bise and Professor Baker report that the Haymond and the
Lower Gaplank are scparated by an unconformity.

The Wolfcamp

Overlying the Gaptank there are some beds which I have
called the Wolfeamp. These measure nearly 500 feet in the
section taken at Wolfeamp, and this represents, so far as known,
the greatest thickness of this formation in the Glass Mountains.
Observations on this formation have been made chiefly at Wolf-
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camp, from which it takes its name.* It has been identified by
characteristic cephalopods also in a terracelike foothill at the
east end of Leonard Mountain. From the aspect of the loeal
topography it secms likely that the formation will be found to
extend for scveral miles eastward from Wolfecamp. The Wolf-
camp consists mostly of shales which vary in color from almost
black to gray and greenish-gray. Interbedded with this shale
are several layers of limeslones which are cemented shell bree-
clas, in places conelomeratic. There are also layers of calear-
eous sandstones. In the Wolfeamp section the formation con-
sists of about 92 per cent. of shale, 6 per cent. of limestone, and
2 per cent. of caleareous conglomerate.

The basal paxt of the formation iy a shale or clay in which
there is a large fauna of eephalopods. Dr. Bose hag deseribed
the following forms:

Agathiceras Frechs
Daraclites texanus
Gasirioceras modestum
Marathonites J. P. Smithi
M. sulcatus

M, vidriensis
Parelegoceras incertum
Schistoceras diversecosiatum
Uddenites minor

U. Schucherti

Vidrioceras Uddeni

V. irregulare

In Dr. Bise’s opinion, this fauna indicates that there is a con-
siderable intcrval of time between the underlying Gaptank and
thig basal clay of the Wolfcamp. Dr. Beede, who has examined
and identified other invertcbrates, is of the same opinion, and he
is inclined 1o refer this formation to the basal Permo-carbonif-
erous, Several of the fossils he has examined come from the
upper calearcons members of the formation. The forms he has
identified are as follows:

*Wolfcamp ig the site of an old dwelling-place, just to the south of
the two buttes located about 614 miles east and some 2 miles north
of the east end of Leonard mountain, The place ig not now inhabited,
but it is marked by an old open well some hundred feet deep. “Lobo”
wolves are said to frequent the place.



Notes on the Geology of the Glass Mountains 43

Fusulina, sp.

Schwagerina, sp.

Syringopora, sp.

Cladopora? (2 or 3 specimens)
Lyttonia, sp.

Aulosteges aff. guadalupiensis Girty
Productus aff. purdoni Dav.

P. semireticulatus, 2 or 3 varieties.

Though the evidence is not quite elear, it is believed that there
is an unconformity between the Wolfeamp and the Gaptank. As
has been already shown, the upper part of the Gaptank is a
thick limestone, which does not oceur in a continuous exposure
but caps some buttes that form a chain extending in front of the
prineipal escarpment from Gaptank to a couple of miles west
of Wolfeamp. Their appearance suggests that this limestone was
once ontlicrs capping hittes carved out of the Gaptank forma-
tion  There is a suggestion that the Wolfeamp extends down the
edges of these capping limestones, but the evidence is not clear
and so far no basal conglomerate of the Wolfeamp has been dis-
covered.

The Hess Formation

In that part of the Glass Mountaing escarpment which begins
with the southernmost ridee cast of Leonard Mountain and ex-
tends northeastward to Gaptank and from there to the north-
northeastward some ihree miles along the Marathon-Stockton
road, we have a continuous exposure of a limestone that I have
called the Hess formation. Tt was measnred in greavest develop-
ment in the old Hess Ranch, [t forms the main part of tre south
face of this ridge and continues in the valley followed by the
Stockton road some two or three miles farther north  Thig lime-
stone is quite distinet from other limestones in th~ (llass Movn-
tains. It overlies the Gaplank and Wolfeamp unconioimably,
and this unconformity represenis an old crosion plane which in
the Gaptank »caion has come 1o lie several hundred feet below
the top of 1lie Wolfeamp beds. This formation i3 Lest developed
in the old Hess ranch. At least three of the natural sections de-
seribe these beds: seelions nmunbers 5, 7 and 8. In seetion 5, the
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Hess beds attained their maximum thickness. measuring 2150
feet. An average of the different kinds of material shown in
these sections consists of 58 per cent. of limestone, 8 per cent. of
dolomite, or dolomitie limestone, 25 per cent ol shale, 6 per cent.
of sandstone, and 3 per eent. of conglomerate,

The limestones of the Hess are mostly thinbedded, but the for-
mation contains also several layers that measure from five to
ten feet in thickness. In almost all parts of the formation. Fu-
sulina ocenrs, somctimes In abundance, The beds contain also
various other foraminifera. A good part of the limestone is
oolitie, but the oolitic grains are as a rule very small, and can
hardly be distinguished with the naked eve. Tn the upper part
of the formation therc oceur in some of the layers encrustations
of calearcous material, which scem to have been rolled aronnd
organic fragments, mosily fusulinas, which appear in the center
ef these encrustrations. The encrusting material is thinly lami-
nated.

The color of this limestone is mostly light gray. The individ-
ual beds have a uniform development and can be traced for ecom-
paratively long distances. It can also be said that the gcneral
aspect of these limestones resembles that of the Hueco forma-
tion farther west in the state, but sufficient collections of fossils
have not been made from this formation for the purpose of veri-
fying such a corrvelation. In its upper part, fossils are quite
plentiful in certain layers. It appears that dolomitization of the
limestones in this formation has proceeded at quite unequal
rates in different places. At the west end of the escarpment,
dolomitization is quite general, As we go away from the dis-
turbance near the igneous intrusions extending northeast from
Iron Mountain, dolomitic layers appear less frequently than at
its west end. The sandstones and shales of this formation are
present mostly in the lower four hundred feet. Most of the
shale is bluish-light gray in color. The sandstones arc usually
free from limey material, have an open texture, and are moder-
ately fine-grained. In places they show eross-bedding. The
basal conglomerate of the Hess consists mostly of limestone
boulders, but it also containg some boulders of flint and other
quartz. All the underlying formations are represented. It
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varies from ten to forty fect in thickness.

In section 7, the strata rcferred to this formation measure
twice as much as in scetion number 5, and in the section
rumbered 8, cxtending north from a point five miles west of
Claptank, a thickness of only 402 feet wos measurcd. Jirosion
has here extended much farther down than at the previously
mentioned places. The extension of the ITess westward from
Leonard Mountain is uncertain. Tt may be present in the lower
part of Lieonard Mountain. Somec exposure seen in the base of
the southernmost ridec west of the Loy Monntain should, per-
haps, be referred to the Hess, but {urther studics will be ncees-
sary to determine whether or not this is the case. On the map,
such an extension is indicated, but from the knowledge that
the present writer has of the conditions in that direction, it is
certain that the Hess should occupy a more narrow belt than that
indicated. Probably it will be found to appear merely as small
remuants here and there alonoe the line wheve the outevop of this
formation is looked for i tuis pavt «f the arco under eongivicra-
tion.

That the Iless formation is separated from the Gaptank and
Wolfeamp by a considerable erosional unconformity is quite evi-
dent. The differences in dip hetween the two formations is not
very marked. It is hardly to be inferred that this unconformity
of erosion represents any great lapse of time, for the underlying
beds are mostly shales with thin limestones and would readily
vield to destructive [orees.

The Hess formation can be said to be distinguished from the
underlying Gaptank and Wolfeamp by a quite small develop-
ment of argillaceous and sandy material and by an ahsence of
conglomeratic material, exeept in its basal conglomerate. Espee-
ially in the upper part of the formation, it may be distinguished
from the overlying Leonard in having well defined bedding
planes. Some of these are so straight and so well-marked that
the rock on weathering may split into large separate leaves not
more than one-sixteenth ineh in thickness. Such lamination T
have never seen in the Leonard. The following brachiopods
have been identified by Dr. J. W, Beede:
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Rhipidomella sp. (very abundant)
Pugnax? sp.

Camarophoria aff. Purdoni Dav.
Inteletes wff. Waageni Gemm,
Hustedia papillate Shumard

H. meekane Shumard(?).
Squamularia sp.

A persistent feature I the [auna or this fermation 15 1the gen-
eral presence of ostracods enl f foramumitera

The Leonard Formalion

The formation which makes the greater part of the south face
of the Lieonard Mountain has been given the name of this prom-
inent feature in the landseape north of Marathon. Tt is deseribed
in four of the preceding sections: 2, 3, 4 and 7. In scetion num-
ber 2 it has its grcatest development, measuring, with an unde-
termined part of the underlying Hess, 2100 feel in thickmess.
In sections 3 and 4, the same sediments measure 1855 feet and
1878 feet, respectively. The determination of the base of the
Leonard in cach of these sections must, however, await further
studies in the field. Bvidently the entire formation is shown in
these three secticns, In Section 7 it is reprosented by a thickness

- of only 206 feet. At this point the larger part of the fermation
is likely faulted out, and it does not appcar on the surface,
except for a small part of ils uppermost shales and limestones.
Lithologically this formation is characterized by the presence of
boulders, pebbles and sand in nearly all of its limestones. From
top to hase, it contains layers of coarse elastic material, such
as conglomerates consisting of boulders and pobbles of lime-
stone and chert, derived from all the older formations exposed in
the region, but with a preponderance of limestones from forma-
ticns immediately underlying. In the lower two-thirds of the
formation the limestoncs and conglomerates are predominant. In
the remaining one-third, shale constitutes the larger part of the
formation, intercalated by well cemented caleareous shell bree-
cing. Throughout the Leonard, fossils are quite abundant. In
the lower limestones, erinoidal material is relatively abundant

and joints of large crinoid stems are common, measuring up to
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two inches in diameter. The middle part of the formation con-
tains many cup-corals and 1he intercalated thin limestones in the
shales of the upper part of the member are characterized by the
presence of a large Productus and a Waagenoceras. Many of the
limestones are oolitic. From the underlying Hess formation, the
Leonard can be distinguished by its less regular development of
bedding planes, by the far less perfeet sorting of its clastic com-
ponents, as well as by the general abundance of fossils. It can
be distinguished from the overlving Word formation by the
coarser and less well gorted naturve of its sands, and also by a
relatively less amount of bituminous material impregnating its
limestones and sands.

An average of the different kinds of material that go to make
up the Leonard formation is about as follows: limestone 38 per
cent.; dolomite, 4 per cent.; shale, 42 per cent.; sandstone, 5
per eent.: conglomerate, 4 per cent.; not known, 7 per cent.

Dr, Bose has described several ammonoids from this formation.
These oceur in two horizons. One of these is in its lower or mid-
dle part, in some sandy limestones; the other ig in the basal part
of the elay shale, which forms the upper 600 feet of the forma-
tion. From the latter we have Medlicotiin Whitneyi, Perrinites
vidriensis, and apparently also Perrinites compressus. Parale-
goceras altudense and Gastrioceras olludense oceur in what ap-
pears to he the Tueonard, south of Altuda Mountain,

The corals, the bryozoa, the pelecypods, and cspecially the
brachiopods of the Tieonard are many, and in places profusely
represented. Many are yet unknown. Dr. Beede has provision-
ally identified the {ollowing known forms:

Domopora terminalis Girty?
Camarophoria aff. gigantea Diener
Chonetes Hillanus Girty

Hustedia pepellote Shum.

H. meekana Shum.

Productus subhorridus reguleius Girty?
Productus group indicus or sino-indicus
P, meekanug Girty

Richthofenia permiane Shum.

R. Uddeni Bbse

Spiriferina hilli polypleurus Girty
Strophalosia hystricule Girty
Aviculopectén sp.

Nucule sp.
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It is believed that the Lconard is to be correlated with the
Clear Fork in the west central part of the state. Perhaps it also
includes the basal part of the Double Mountain, and the upper
part of the Albany limestones. It certainly also conlains many
of the forms noted in the Delaware formation by Girty.

The Leonard formatlion underlies a belt from threc {0 six miles
wide, extending from the Mount Ord range west of Lenox, north-
eastward in the fronting range of hills which border the Mara-
thon plain on the north. It widens to the north in the Gilliam
canyon, and then continues in the same direetion as before, forni-
ing the main part of the sediments in the second ridge cast of
Hess Tank. I'rom here it narrows rather abruptly and is be-
lieved to be faulted down from the surface. It ai last disappears
below the surface at a poinl about five miles northeast of the
boundary line between Pecos and Brewster counties.

The Word Formation.

The Word formation is named from the Word ranch, through
which it extends. It consists of some 800 fect of scdiments which
extend in a belt a quarter to a half mile wide, {from the Ord
Range, erossing the Southern Pacific a little south of Altuda and
extending under the main escarpment of the Glass Mountains.
past the heads of the Gilliam, Road, and IHess canyons, to some
distance beyond the Pecos Countly boundary line, where it disap-
pears under the Comanchean cretaceous. The principal litholo-
gic feature which characterizes the upper part of this formation
is the presence of an arcnaceous rock different from the sandy
members in any of the other formations shown in the Glass Moun-
tains. It is a rock that changes from sandy limestone to ecal-
carcous sandsione in which the sand is well sorted and fine-
grained. The rock is usually evenliy bedded and in places fincly
laminated. In the laminated phases of this rock, there appear
traversions which follow the bedding planes and resemble worm
tracks. Frequently they form erossed irregular networks. The
traversions are narrow, usually measuring about one-eighth inch
in width. Tn plaees this phase of the rock is bituminous and
shows sharply marked straight lamination. The cementing ma-
“erial present renders the rock firm and impervious, In the mid-
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dle part of the formation the sand ingredient is coarser and is
often mixed with oolitic material where the ooliths measure 0.5
mm. in diameter. The lower part of the formalion -consists
mostly of shale with interbedded layers of sandstone and lime-
stone. These sandstones are ol coarser texture than the upper-
most sandstones. The Word formation is present in most of the
natural scetions examined, as in the sections numbered 1, 2, 3, 4,
6, 7, and possibly 8, On an average all of the sections examined
in this formation consist of about 38 per cent. of limestone, 12
per cenl. of dolomitic limestone, 8 per cent. of shale and clay,
and 40 per cent. of sandstone, of the indeterminate and variable
nature indieated above. In section number 2, the beds meas-
ured show a much thicker development of the upper sandy mem-
ber and these uppermost beds are characterized by concretionary
and lenticular structures not noted in any of the other sections.
It is thercfore believed that they represent a part of the forma-
tion which is eroded in the other sections, and that the maximum
thickness of the Word is nearly 1500 feet. Similar conditions
seem to prevail in scetion number 1, southeast of Altuda, but at
this place some faulting has occurred and it was not possible to
accurately determine the thickness from the outerops examined.
In the other sections, the thickness of the Word, as measured,
ranges from 579 to 792 feet.

The lower member of the Word consists of a thin-bedded, com-
pact, bituminous limestone which weathers white. In this a
doubtful fragment of a saurian hone was noted, and small fish
scales which occurred together with the pygidium of a small
trilobite. Some 500 feet above the base of the formation there is
a sandy oolitie limestone which containg a rich cephalopod fauna.
From this Dr. Bose has described the following ammonoids col-
lected mostly from a locality immediately southeast of the june-
tion of the Road and the Gilliam ecanyons:

Adrianites marathonensis
Agathiceras Qirtyi
Gastrioceras mn. $p.

@. roudense

Medlicottia Burkhardti
Paracellites aff. elegans Girty
P, mullicostatus
Stacheoceras Bowmannt

8. gilliamense

Waagenoceras Dieneri
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Other invertebrates which have been determined by Dr. Beede

are as follows:
Guadalupie cylindrica Girty?
Fusulina elongate Shumard
Chonetles subliratus Girty
Hnteletes globosus Girty'
Lyitoniv americana Girty
Meekelle skenoides Girty
Productus cf. signatus Girty
P. orientalis New)
Richihofenia permiane Shum.
R. Uddeni Bose
Spiriferine Billwmgsi Shum.

Apparently therc is no doubt that the Word formation be-
long to the Delaware deposits of Girty in the Guadalupe Moun-
tains. It also represents the main part of the Double Mountain in
central Texas.

The Word formation seems 1o be conformable with the Leo-
nard, which underlies. It will be remembered that the upper
600 fcet of the Leonard consisted cssentially of shale. Afier the
deposition of this shale the condilions in the ancient Permo-car-
boniferous sea changed abruptly at the beginning of the Word,
permitting the accumulation of caleareous deposits mostly free
from argillaceous material. Later, there was a return to the
former conditions, The geographical condition indicated by the
fine-textured and sandy, caleareous material is that of a shallow
sea with drifting bottom currents,

The present author believes that an unconformily between the
‘Word and the Vidrio is indicated by the unequal development of
the upper part of the Word, under the overlying Vidrio.

The Vidrio Formation

The Vidrio formation takes its name from the Spanish word
for glass, often used among the local Mexican population as the
name for the Glass Mountains. The formation is the most con-
spicuous part of the Glass Mountains. It caps the highest ridges
and small platcans of the range, from east of Altuda to the Hess
canyon, and cxtends beyond this over the north slope of the
mountains 10 near the Stoekton-Marathon road. Its full thick-
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ness has been seen only in the Gilliam Canyon section, where
it measures 1700 feet.

This limestone is mostly dolomitic and forms thick beds in
which bedding planes are poorly developed, if at all present. In-
dividual beds may measure a hundred feet. At its northernmost
exposure, on the east eide of Gilliam Canyon, it is obscurcly eross-
bedded on a large scale. Tn many places the rvock is clearly brec-
ciated, also on a large scale, and consists of large broken blocks,
strongly cemented by finer material. It is to be noted that brec-
ciation is less common, and bedding planes are better developed
in the east and west end of the mountain, than in the region near-
est Iron Mountain. This cireumstance suggests that tectonie
forces may have contributed to the obliteration of bedding
planes, and may have caused the faintly marked layers in the
original deposits to have become welded together, as it were, by
pressure, which in other places caused fracturing and breccia-
tion.

In thin sections this limestone is characterized by clear crys-
talline texture throughout, mostly quite fine-grained, the erys-
tals measuring {requently no more than 1 mm. in diameter. In
a few imperfectly dolomitized layers erystallization is not com-
plete and there appear iraces of an original clastic texture., In
other strata, again, the dolomite containg small pockets of cal-
cite, evidently formed after the rock hecame dolomitic.

The Vidrio consists almost entirely of dolomitic limestone. It
contains no shale, and but a single layer of sandstone in its upper
part. Some sand is also found in seattered grains in some layers
in the lower part of the formation.

In places where the rock is least dolomitie, fossils are some-
times to be seen, and it docs not appear unlikely that some of
these places may on close examination yield fossils that may
throw some light on the age of this member. So far no collec-
tiong have been made that do this, The entire known fauna of
the formation consists of a few crinoid stems, a Fusulina, traces
of some other foraminifera, some obscure bryozoa, and spines of
an Archeocidaris. As already stated, it is believed that an un-
conformity separates the Vidrio from the underlying Word for-
mation. The prinecipal reason why I believe such is the case is,
as has also been explained, the great thickness of the Word in
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sections 2 and 3, and especially the occurrence of scveral hun-
dred feet of sediments in the upper part of the Word in section
2, that are different from any beds examined in the upper part
of the Word elsewhere. The contact between the two formations
is sharply marked almost in every place where it has been scen.
Almost everywhere the upper layers of the Word are found to
be beveled off, if followed any distance, and the Vidrio comes
down across the beveled edges of the layers. In places this bev-
eling cxtends down across the edges of twenty feel of rock, or
more, in a short distance, as seen in the vieinity of Sullivan
Peak. 1In fact, this contact would scem to be typically uncon-
formable. But on close examination it is frequently found that
the beveled edges of the underlying rock, which is always softer
than rocks of the Vidrio, have been compressed laterally and are
sometimes squeezed into recesses of the solid limestone of the
Vidrio. Such features suggest that these apparent nneonformi-
ties may be due, not to erosion of the underlying rock, bul to in-
cidental gouging into the less ecompeient underlying rock by the
much more competenl massive limestone above. Hven if this
contact represents an erosional wneonformity, as I think likely,
many of the apparenily typical unconformable contacts of the
two formations are, in my opinion, the result of squeezing, and
gouging of this kind.

The Gilliam Formation

The (illiam formation takes the name from Gilliam canyon,
where it is exposed in the bluffs of the narrowest part of the
canvon, beginning at & narrowing of the canyon about ten miles
north of the south end of Iron Mountain, and continuing for
nearly two miles northward. It is exposed in an irregular belt
extending from cast to west on the north slope of the Glass
Mountains, and probably southwestward on the northwest slope
of the mountain. Its arcal extent has not been mapped, and in
the map accompanying this report, this formation has not been
separately indicated from the overlying Tessey formation.

The Gilliam consists of yellow dolomitic limestone, in places
pinkish, and even brownish in eolor. The stratification planes
are sharply marked and straight, and especially in the lower
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part, the rock is quite thin-bedded. Southwest of the White Ele-
phant tank theve occurs in this formation a brown sandstone
some twenty feel in thickness. This sandstone has also been ob-
served in the Gilliam eanyen, and it seems to be quite persistent,
The sand in this rock ig well sorted and is of the avérage texture
of sandstones. The Gilliam formation has a thickuess of about
740 feet.

From the appearance of several ithin sections of the dolomite
in this formation, it seems to have undergone considerable
change after it was lald down as a caleareous mud in the sea.
Its erystalline texture is relatively eoarse, in its upper part, con-
gisting of crystals mostly from 0.6 fo 1 mm. in diameter. A
very thinly laminated piece of rock from the lower part of the
formation showed traces of some foraminifera, such as Trocham-
ming and Ammodiscus, which appeared to have been abundant
in the original sediment. In another thin section was observed a
erouping of the ervstals swegesting an original claslic texture
of the rock Tn most sections all traces of sueh texture have
disappeared. In places, sections can be obtained that show min-
ute pockets of caleite, evidently introduced after dolomitizalion.

So far no recognizable large fossils have been found in this
formation.

The contact between the Gilliam and the Vidrio is well marked
in the Gilliam eanyon and in loealities father east where it has
been observed. The two formations appear everywherc to be
conformable. Upward there is a gradual transition fiom the
laminated rock of the Gilliam to less distinetly stratified lime-
stone of the Tessey formation,

The Tessey Formation

The Tessey formation has been so named from a postoffice now
defunet, but once located about two miles north from the mouth
of the Gilliam canyon. 1t consists of a mostly unstratified dolo-
mitic rock, quite like the Vidrio in general appearance, Along
the Gilliam canyon it measures at least 1400 feet in thickness.
It goes to make up the rocks exposed on both sides of Gilliam
canyon, at its mouth. TIn places, this formation frequently has
well marked bedding planes. In places it is brecciated. A con-
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siderable part of the rock is only slightly dolomitic. Some of
the formation is fincly oolitic and was found in some thin sec-
tions to contain shreds of bryozoa and a few minule foramini-
fera. In its upper part near the mouth of the canyon one layer is
entirely calcareous and has an abundance of Fusulina. Not far
from this same layer the writer observed, some years ago, an im-
perfectly preserved ammonoid of unknown relationship.

Tt is believed that the Vidrio, the Gilliam, and the Tessey for-
mations are in part the equivalents of the Capitan limestone in
the Guadalupe Mountain. Together thcy Mave a thickness of
3800 feet, which is more than twice the known thickness of the
Capitan limestone. The three formations are conformable and
dip to the northwest with an angle of about eight degrees.

The Comanchean Cretaceous

But few observations were made on the Comanchcan sedi-
ments, which generally overlic the Paleozoies farthest ont on
the west and north slopes of the Glass Mountains. These have
also been tilted, but to a lesser extent than the older rocks. Dips
of two and three degrees are most frequently observed. The
ancient erosion plane cuts slantingly across first the Tessey, and
the Gilliam formations, and into the Vidrio. We find outlicrs
of the Comanchean basal deposits on some of the highest sum-
mwits of the monntiains. The basal beds vary from sand and marl
of small thickness, immediately overlain by limestone on onc of
the summits, to thick, coarse boulder conglomerates at the mouth
of Gilliam canyon, In some buttes near this place, the Coman-
chean containg thick beds of bright red sandy marls. This vari-
ation in the naturc of the material as well as the different fossil
contents of the Comanchean at different points, shows, T believe,
that there is here a local overlap of the Comanchean caused by
the oxistence of considerable relief in the land at the time of the
transgression of the Comanchean sea

The Pletstocene

On the south side of the narrow alluvial bottom in Gilliam
Canyon, right above the point where it enters the Gilliam lime-
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stone, there is a terrace which rises perhaps fifty or sixty feet
from the alluvial bottom, and follows it for a mile or more.
This terrace consists of mostly calcareous material, from soft
marl to boulder conglomerate. In some places it is soft and
in other places quite indurated and cemented so as to resemble
layers of limestone. Terraces of this kind are nol otherwise
often seen in the region. It is mentioned merely for record.

ECONOMIC NOTES

Metallic Minerals.

The mountain-making forces which resulied in the Marathon
uplift de not scem to have been accompanied with any notable
mineralization in these mountains. The limestones of the Per-
mo-carboniferous have been hut slightly altered. They have no-
where been changed to marble, not even in proximity to the local
intrusives. They have not been much faulted and still less fis-
sured. The only locality where anything like mineralization
has been noted is on a spur of limestone near the contaet of
the Palcozoics with the Comanchean, extending from northwest
to southeast about six miles north and two miles east of Altuda.
At this point there is a vein of fairly clear calcite, nearly forty
feet wide, extending in an east and west direction. Not far from
this vein there are some fillings of red iron ore in what appears
to be cavern-like openings in the Vidrio limestone. On one side
of thig ferrueinouy filling it is impregnated with carbonate of
copper, which has been explored in a shallow cxcavation. In the
calcite vein no impregnations of either iron or copper were noted.
The locality was for some years owned by Mr. S. D. Bissett, one
of the old prospectors in Brewster county. Some small bodies
of red iron ore are also to be seen on the point of a ridge ex-
tending westward three miles northeast of Leonard Mountamn.
All of these mineral oceurrenees are so small as to offer no in-
ducemcnt to develnpment., '

O and Gas.

O1l has been found in some wells west of Marathon; the most
important find being, perhaps, the test made on the Hargis
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ranch, south of the railroad, and a few miles west of Marathon.
The boring which yielded the oil is near the contaet of the
Pennsylvanian rocks with the Ordovician, and it has not been
possible to determine from which of these two formations the
oil really is derived. Both are known to have a bituminous con-
tent. Other attempts o locate an oil pool have been made north
of the railroad on the Wedin ranch. In 1909 Mrs. Ava G.
Scribner leased some land and began drilling. A holec 1045 feet
deep was finished in 1911. This boring is in the northeast part
of Section 43, Bloek 4, G. C. & 8. F. Ry. Co. lands. The surface
rock here is some part of the Gaptank, which dips at a high
angle to the northwest. Later, another well was bored on the
northwest quarter of Section 44, in the same block, to the depth
of some 600 feet. Salt water was reported in the first well at
from 600 to 700 feet, and some [resh water is said to have been
encountered below this. There were small showings of both
gas and oil. The Jocation of nonc of the foregoing explorations
was selected with reference to geological structure, and the bor-
ings cannot be regarded in any sense as any tests proving or
disproving the possibility of finding oil in the formations ex-
plored, There is a well defined anticline at a point about four
miles west of Marathon, which erosses the country from north-
east to southwest. No doubt some other anticlines exist in the
area between this point and the southernmost ridges of the Glass
Mountains.

Looking at the ancient Marathon mountain structure as a
whole, it does not appear unreasonable to regard it as suggest-
ing the possibility of the existence of buried struetures in which
oil may have aceumulated, farther to the northeast. If we take
into consideration all that is known concerning the trend of
this structure, of the ancient Marathon mountaing, all the way
from the Solitario uplift on the Brewster-Presidio county line
to the northeast, the general trend of this structure, as near as
it can be made out, is north 40° east. At the last exposure of
the Pennsylvanian to the northeast, at a point near the Puring-
ton ranch, where the Dimple formation occurs, it has a trend
in the direction mnorth 60° east. There ean be no doubt
that this structure extends a considerable distance northeast
under the overlying Comanchean limestones. The last exposure
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seen shows the Carboniferous strata in an almost vertical posi-
tion. There is no intimation in this or in any other exposures
that the mountain structure developed in thesc old formations
has undergone any modification except that it may have been
cut down to a lower level in this direction. The gsame, we may
say, is suggested also by the isolated uplift ecoming up through
the Comanchean in the Madera Mountains, which suggests also
that there is no narrowing of the folded region in this dircetion.
From my observations on all parts of the Glass Mbuntaing it
appears that the formations from the Vidrio up, are much less
tilted and folded than the Gaptank and the other formations of
probable Pennsylvanian age. It would seem, thercfore, that
most of the folding of the Marathon mountains antedated the
deposition of the latest Permo-carboniferous sediments. I Dbe-
lieve that the redbeds exposed in the Pecos Valley overlie the
Tessey formation. These and the overlying Comanchean have
therefore probably been very little disturbed by the Marathon
uplift. So that there should exist, under the Comanchean and
under the redbeds, some places northeast of the Marathon uplift
where the Pennsylvanian and probably some of the Permo-car-
boniferous lie folded under the relatively undisturbed redbeds
and the Comanchean limcstones. The redbeds are entirely im-
pervious and would make an excellent cover for an oil pool.
How far such covered places of tilted petroliferous formations
of the Penngylvanian may be found away from the exposures
in the Marathon country no one can say, but it would be no
surprise to find them at a distance of at least fifty or a hundred
miles beyond the Brewster-Pecos county boundary. The trend
of the Marathon mountains would run through the southeast
part of Pecos county into Upton and Reagan counties, or even
farther east than this.

It will be remembered that on the west flank of the Glass
Mountaing, the Comanchean limestones have been slightly tilted
and that outliers of this formation occupy some of the highest
points on the mountains. This eannot be altogether due to an
overlap. It certainly represents a slight uplift in post-Coman-
chean times. From what is generally known of the geologice
history of the mountain-building forces, it is quite reasonable
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to suppose that post-Comanchean disturbaneces shounld have taken
place over more than one part of a buried mountain system,
such as that of the Marathon uplift. It ought for this reason
to be praclicable to find out how far in a northeast direction
this uplift probably extends, for it can be expeeted 1o be marked
by at least some slight clevation in the later Comanchean sedi-
ments. We have here a geologic problem, the solittion of which
may be of decided economic significance. In the distribution
of the Comanchean along the North Concho and the Colorado
rivers. there is nothing 1o especially suggest sueh an wup-
lift. The conditions in the country to the wmortheast of the
(lass Mountains, along the Pecos river, ate singuiarly favorable
for the testing of such a theory. The Comanchesic [imestones
confain several sharply marked horizons tha! can be followed
for long distances in the southwest part of Peecus county, and
in most of Uplon, Reagan and Crockett econntics. Quite ac-
curate measuremenis of any strueture present can certainly be
made. It is, however, a region where very litile work hay yet
been done, and in the absence of any accurate knowledge of the
conditions involved, further speenlations seem unprofitable. We
can only see that in the buried unconformity which certainly
must exist between the lower folded series 2wl the overlying
merely gently folded or quite undisturbed sedutacents, there arve
natural chaneces for finding accumulations of 2as as well as 0.l
Drilling should not be undertaken, however, before a thorough
geological examination has been made whereby the execedingly
small chance of making the right location for a test may be
materially increased.

Water

The great thickness of the limcstones on the north slope of
the mountains makes this region dry. It offers small chance of
finding water by drilling. Several attempts to make deep wells.
have proved failures. The only chance for finding deep water
in these mountains would appear to be on the shaly beds of the
Word and the Leonavd farmmations, where these can be reached
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at suitable depths. Any supply thus secured will probably be
small, and it is apt to be salty. A boring into the Hess forma-
tion in the Hess Canyon has given negative results. Another
location for a test well in this formation would, perhaps, be in
the Gilliam Canyon about seven miles north from the north end
of Irop Mountain. The most reliable water supply in these
mountains will no doubt always be stored surface water,



B235-418-2m

GEOLOGIC EXPLORATION OF THE SOUTHEASTERN
FRONT RANGE OF TRANS-PECOS TEXAS

BY
C. IL.. BAKER, and W.F. BOWMAN



Antecedent canyon of the Rio Grande, cut in Comanchean
liniestone, about one mile up stream from the
Terrell-Brewster county line



CONTENTS

Introduction ........c. e e 67
General Characteristies of the Front Range............... 67
(General Characteristics of the Plains Country cast of the
Front Range . ...t e 71
Climate ....... [ 73
Vegetation .. ... e 75
Animal Life ... e e 76
Scenic Fealures ...t i e 77
Nature of Work Accomplished.......... ... .. o ... 78
The Scdimentary Rock Series................. .. .coo... 79
Paleozoie .. ..o e e 79

Correlation table, showing relations of Paleozoic formations
in the Marathon Basin of Texas to sections in Oklahoma,
Arkansas, and the Appalachian Region, hy E. O. Ulrich 79

Upper Cambrian—DBrewster Formation................. 80
Ordovician—Marathon Series .........c..oiiiivin... 81
Ordovician—Maravillas Formation .................... 87
Fossils and Age . oveeniin i i e 89
Stratigraphic Relations ......... ... ... .o . ... 92
Lower Devonian (?)—Caballos Novaculite............. 93
Anthracolitic ... ..o i i e 101
Pennsylvanian ... e e 101
Tesnus Formation ..........c.ciiiniiiininennnn. 101
Dimple Formation .......... ... 0o, 105
Haymond Formation .......... .. .. ... ... ... ..... 107
‘The Mid-Pennsylvanian Diastrophism (Plate TI1).......... 107
Fvents of the Tiate Pennsylvanian and Early Permian. ... 112
Post-Permo-carboniferous Folding .................. ... 112
MeS0Z0IC . ottt e 112
Early Mesozoie Erogion ........ ..o 112
Crefaceots ...t e e 113
Comanchean Cretaceous ..............eeevinennvnnn. 113
Upper Crelaceots ........oeniiinininernininnnnnnnn 117
Late Cretaceous Diastrophism ...................... 118
The Latc Cretaceous-Early Tertiary Voleanic Epoch...... 119

Physiographie Features Characteristic of the Arid Climate..124



64 Contents

Physiographie Features Characteristic of the Nature of the
Rocks

Structure and Physiography Produced by the Liatest Deform-

AEIOIL . e e e 134
The Toyah Basin ......... .00 iiiiiiiiiiiinnn.. 134
The Delaware-Guadalupe Dome (southern end).......... 139
Lava-covered ares of Davis and Barilla Mountains......141
The Marathon Dome ..o, 146 -

Glass Mountains . .vove it it 146

Mt, Ord Range .. ..o e 147

Santiago Range ........iiiiit i, 149
Folds South of the Marathon Basin and East of the Sierra

del Carmen .......c.oiiitirii it it 152
The Sierra del Carmen..........ccviirireiiinnnnnnn. 156
The Marathon Erosional Basin.............ccovvivinnn.. 159
The Date of the Latest Deformation.................... 166
KExplanation of Structures Produced by Latest Deforma-

£ 4 R OO P 168

Summary of Chief Geologic Events...................... 171



LIST OF ILLUSTRATIONS

Frontspicee. .

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

4 a...

2 ad...

6......

Antecedent canyon of the Rio Grande, ent in later
Comanchean limestones. About onc mile up-
strcam  from the Terrell-Brewster County
line, . . . .covii i Opposite page 60

..Ordovician-Maravillas formation at itr typical

locality in Maravillas Gap...Opposite page 172

..Banded cherts in Rough Creek shale member of

Tesnue formation. Type locality on Rough
Creek...... .ol Opposite page 172

Photomicrographs of Radiolaria in Santiago chert.
(Magnificd 50 times.)

Sketch seetions of Hereynian folding in the Mara-
thon Basin, The numbers give locations of
scetions on geologic map....Opposite page 172

.Elephant Mountain, a mesa of 'I'rachyiic Lava. ...

......................... Opposite page 172

..Southwestern face of lvon Mountain, showing

weathering of intrusive syenite-porphyry by ex-
foliation and along nearly vertical joint planes
.......................... Opposite page 172

SSummit ridge of Sautiago Range, composed of

sharply-folded Frederickshurg Comanchean
limestones. . ............... Opposite page 172

.. Rio Grande River entering canvon in westwardly-

tilied fault block just east of the mouth of Still-
well Canyon............... Opposite page 172

Sketeh  strueture «<cetions across the Santingo
Range and the Sierra del Carmen. The num-
bers give locations of sections on geologic map
......................... Opposite page 172



Plate

Plate

Plate

Plate

8b...

.. Fault scarp of later Comanchean limestone form-

ing east side of Sicrra Larga, Sierra del Car-
L1170 < Opposite page 172

.. Widening of Rio Grande valley in the Vegas,

showing alluvial terraces. Bluff walls are of
later Comanchean limestone................
......................... Opposite page 172

..Caballos Mountain ridges of Caballog novaculite,

looking south 75 degrecs west from summit of
Caballos Mouniain, Elephant Mountain is on
the horizon to the left. The outerop in the fore-
ground is Caballos novaculite.......... ... ..
e Opposite page 172

.Strike ridges of the Hereynian folding in the

southeastern part of the Marathon Basin., View
looking north 20 degrees west from summit of
Caballos Mountain directly toward Altuda
Mountain, The Ilight-colored outerops are
Caballos novaculite......... Opposite page 172



Geologic Exploration of Trans-Pecos Texras 67

GEOLOGIC EXPLORATION OF THE SOUTHEASTERN
FRONT RANGE OF TRANS-PECOS THEXAS

BY CHARLEY LAURENCE BAKER AND W. F. BOWMAN
Introduction

The castern Front Range of the Western Cordillera in south-
ern Trans-Pecos Texas is the casternmost portion of that great
mountain system within the territory of the United States. It
is alse the ouly known region v the entire Western Cordillera
of North Ameriea where 1he laier Palcozoie [foldings of the
mountain vanges of the castern United States are found fo-
gether with the mountain-makine movements, of mueh later
dates, which formed the Westernn Cordillera. Every mode of
moeuntain formation is there represented. Furthermore, the
Permo-Carboniferous roeks have in this region a grealer develop-
ment than in anv other known region. For these reasons the
southern Trans-Pecos country is one of exeeptional interest to
the geologist, .

General Characieristics of the Front Range

Trans-Pecos Texas is that part of Texas situnied west of the
Pecos River. It is a region made up of two kinds of country:
a southwestern or mountainous portion, and o northeastern or
plains pertion. The mountainous region is a part of the ereat
Western Cordillera of the Western Hentisphere, which stretehes
all the way [rom Alaska to Ticrra del Fuego, anil has its erecatest
width in the centiral helt of the western portion of the United
States. The Trans-Pecos portion of the Cordillera lies en the
castern margin of the belt and beging at th: New Mexieo line
just north of the line where the individual ranges ¢i the Cordil-
lera begin to change from a southward to a southeastward o
rection. The dominant structural feature of the Trans-Pecos
Texas 1s the eastern Front Range of the Cordillera. The por-
tion of the eastern Front Range included hetween the line of the
Texas and Pacific Railway and the Rio Grande will be the
subject of this report.
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The Front Range is the most impressive feature of the entire
Trans-Pecos country. In the peak of El Capitan, just south of
the New Mexico boundary, it rises to the highest elevation in
Texas. Nearly everywhere south of the Texas and Pacific Rail-
way the Front Range rises abruptly above the plains on the
cast. There are, however, a number of gaps through this moun-
tain barricr. These gaps as a rule are not breaks in the general
structure, but have been produced by stream erosion. The
broadest of all the gaps is that through which the Texas and
Pacific Railway runs. Next to the south is the gap made by
Limpia Canyon throngh the lava flows of the Davis Mountains.
The road from Alpine to Fort Davis runs in the gap of Musquiz
Canyon. The Southern Pacific Railway utilizes the valley of
Pajsano Creek. The road to Terlingua climbs the lava ridge
south of Alpine. The next road to the south, crossing the
range, passes through Doubtful Canyon of Dugout Creek. The
road from Marathon to Terlingna passes through Del Norte Gap
and the road from Marathon to Boquillag through Persimmon
Gap. Another pass, followed by a wagon road, is afforded in
the southern end of the Santiago Range by Dog Canyon of
Calamity Creck. For the entire length of the Sicrra del Car-
men there is nmot a single pass wtilized by a road.

The structural trend of the Front Range determines the
courses of the Rio Grande and Pecos rivers. The parallelism
of the courses of the Front Range and of the Rio Grande from
El Paso to the southernmost point of the Big DBend is extra-
ordinarily striking. ‘When the effect of the subsidiary structure
of the Marathon dome 1s taken into account, the parallelism
of the Front Range and the Pecos River is hardly less striking.
The Front Range also determines the structure of the plaing east
of it, the rock strata of which dip gently away from it.

The Front Range north of the line of the Texas and Pacifie is
not so striking a feature from the cast, because the Delaware
and Guadalupe mountains which form it rise with gentle slope
from the plaing and have thelr precipitous slopes facing west.
They are congpicuous examples of hoghack ridges or cucstas
formed of gently dipping resistant roek of monoelinal strueture
with escarpments facing on the side opposite 1o the dip of the
rock strata. ’
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The Front Range between the two railvoads is formed by the
Davis Mountains and their northeastern offshoot, the Barilla
Mountains. The surface rocks in these mountains are heavy,
massive lava flows of red eolor which form almost everywhere
steep cliffs at their outer edges. The Davis Mountains extend
no farther south than Paisano Pass, but the lava flows continue
to the southward far into Mexico.

The summit range of the Davis Mountains is gencrally known
as the Sawtooth Range. The highest peak is Baldy or Liver-
more Peak, 8,382 fect in altitude, which is probably the second
or third highest suminit in the state, being surpassed only by
one or more peaks in the Guadalupe Mouniains. The Davis
Mountains are essentially a broad plateau or mesa of lava, the
surface of which has been gently folded. The marging of this
tableland rise abruptly to a considerable height above their sur-
roundings. The streams draining the plateau cut through its
marging in deep and steep-walled canyvons. Omne of these, Ma-
dera Canyon, is 2,000 feet in depth and perhaps the deepest
canyon in Texas.

The Barilla Mountaing are separated from the Davis Mountains
by an area of depression followed by the southeastward-flowing
Limpia Creek, and a northwestward-flowing tributary of Toyah
Creek., This depression is a structural downfold or synecline
in the lava and underlying rocks. The Barilla Mountains are
made up of three anticlines or arched folds of lava and under-
lying vocks with two intermediate synelines.

Some of the sharp peaks in the southern part of the Davis
Mountains, as for instance, Mitre Peak, in their form and po-
sition suggest necks of old voleanocs. The only voleanie neck
vet known for a certainty, however, occurs just west of the
Alpine-Fort Davis road near the mouth of Musquiz Canyon.

South of the Southern Pacific Railroad ihe Front Range is
followed in a southeastwardly direction suceessively by the Mi.
Ord, Santiago and Carmen (Sierra del Carmen) ranges. The
northernmost of these, the Mt. Ord Range, is covered on its
western flank by massive red lava. The Mt. Ord Range may be
considered to end at Del Norte Gap and Elephant Mountain.
The southern end of the range is a westwardly-dipping cuesta
of limestone of Comanchean Cretaceous age. The trend of the
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Mt. Ord Range is a very little east of south. The range derives
its name from Mt. Ord, one of its highest summits, 6,650 feet
in height. This peak forms the highest pinnacle of a west-
wardly-dipping eucsia of red lava, with an abrupt desecent on the
eastorn side. The highest summit of the range is Cathedral
Mountain. South of Ord Mountain the main ridge and axis
of the Front Range shifts to the east and continues southward
a8 a sharp serrated crest. The main axis of the Mt. Ord Range
of the Front Range lies cast of the lava-covered country and
runs from Altuda Mountain a litile cast of south to Del Norte
Gap.

The Santiago Range beging at Del Norte Gap on the norih
and trends first southcast, then due south, and again southeast
to Dog Canyon, where it turns rather abruptly to a little west
of south and then comes to an cud. The vange derives ils name
from Santiago Pcak, an intrusive mass of igneous rock about
6,450 feet in altitude. The highest summit of the Santiago
Range is a limestone mountain southeast of Santiago Peak. The
axis and crest of the Santiago Range is a single anticline of
Comanchean Cretaceous limestone, Locally the anticline is over-
turned to the wesl, and conspicuonsly so at Dog Canyon. The
same anticline is also loeally overturned iun the sonthern part of
the Mi. Ord Range. Doubtful Canyon of the Dugout Creek
branch of the Maravillas Creek in the southern Mt. Ord Range
and Dog Canyon of the Calamity Creck branch of the Maravil-
las, near ithe southern end of the Santiago Range, both cut en-
tirely through the Front Range and arce antecedent in their
origin. Persimmon and Del Norte gaps may possibly once have
been occupicd by antceedent streams, but they are now wind
gaps. There ig only a minor amount of igneous rock in the
Santiago and Carmen ranges.

The Sierra del Carmen is a mountain range which has most
of its developmenl on the Mexican side of the Rio Grande. In
its Mexas portion it consists of a number of blocks, probably
eight at a maximum, of very heavy and massive Comanchean
Cretaccous limestone, downfaullied on the east sides, which arc
precipitous; and with gentle westward slopes of the tvpieal
cuestas. The structural and orographic trend of the range is
south-southeast. The range beging southeast of the Santiago
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Range in a scries of monoclines, passing to the southeast into
anticlines, and still farther southeast into faulls. The ante-
cedent Rio Grande crosses the Sierra del Carmen in a sevies of
deep and narrow canyons.

The above is a deseription of the various portions of the
Tront Range as separated by current usage. Fundamentally,
on the basis of both structure and orography, there are but three
ranges ; the nerthernmost, composed primarily of rather gently
deformed voleanie rocks, extending from the Texas and Pacilic
to heyond the Rio Grande, and comprising the Front Range
only in the Davis and Barilla Mountains®; the central, composed
of the gingle anticlinal ridge of limestone from Altuda Mountain
southward and southeastward to the stiuctural and orographic
end of the Santiago Range beyond 1Dog Canyon; and the south-
casternmost, or Sicrra del Carmen, with its fault blocks.

General Characleristios of the Pluins Country Kast of the
Froni Range

The Trent Range ns above defined is not coincident with the
castern limit of folding «f the Cordillerat, The latier lies east
of the former in the region hetween the Texas and Pacific rail-
read and the Bio Grande. Hast of the Front Range proper,
Iower folds ave found. These diminigh in number and impor-
tance to the cast, until finally the structure becomes a gentle dip
of the rock strata away from the mountains.

The subsidiary folds play a minor part north of the line of
the Kansas City, Mexico and Orient Railway. One is known
just east of the Barilla Mountains and another east-northeast
of the Musquiz Canyon through which the Orient Railroad runs.
But from the Glags Mountaing sonthward and southeastward
to the Rio Grande are a number of these folds which form im-
portant clements in the structure and topography. The Sierra
Madera is a small dome of massive Permian limestone. Another

*Other Texas mountainsg made up of this general lava flow are
the Ord, Sierra Bofecillog, Tierra Vieja, Chisos, Rosillos, and Cora-
zones Mountaing, Whirlwind Mesa, Frenchman, Oak, Rancheria
and Black Hills, and a number of small peaks north and north-
west of the Chisos. In these mesas and cuestas are the prevailing
physiographic types.



72 University of Texas Bulletin

dome of far greater extent is that which was once existent over
the region of the Marathon basin but the top of which has been
removed by erosion. The Marathon basin is a conspicuous
topographic feature, From it streams drain both to the Pecos
and the Rio Grande, and it is rimmed in on all sides by cuesta
escarpments of limestone, the strata of which dip away from
the basin itself. The center of the basin is made up of a series
of miniature mountain ranges, trending northeast and south-
west in white-cresied ridges of rough and jagged outline. Be-
tween these ecntral ridges and the bounding escarpment is, on
all sides except the southeast, a low, flattish, soil and gravel-
covered arvea.

On the south and southeast margins of the Marathon domc
are some low subsidiary anticlines with their axes trending par-
allel to that of the Front Range in their latitude. Iast of the
Sierra del Carmen, four long low anticlines cross the Rio Grande
in that part of its eourse between the mouths of the Maravillas
and San Francisco creeks. These anticlines arch up the massive
strata of the Comanchean Crctaccous Ilmestone and form long
swells or rvidges in the topography. Aecross their axes the ante-
cedent Rio Graunde culs in a series of eanyons over a thousand
feet in depth, affording probably the most impressive scenery
in the State (K'rontispicce). The upper reaches of the major
drainage courses, the Maravillas and San Francisco erecks, are
broad, meandering valleys but upon entering the region of re-
cently folded timestones, they develop deep and narrow eanyons,
often with vertical or nearly vertical walls.

The meandering course of the Rio Grande from its crossing of
the Sierra del Carmen to the mouth of the Devil’s River, at
the southern margin of the Balcones Fscarpment, is one con-
{inuous canyon carved through the massive beds of Coman-
chean Cretaceous limestone. The Pecos River is a very incon
gpicuous and minor stream at the crossing of the Kansas City,
Mexico, and Orient Railway, where it occupies a broad valley the
bottom of which is excavated in Permian Red Beds. Lower down
it enters the massive Comanchean Cretaceous limestone, and
occupies a eanyon for the remainder of its course.

The Toyah Basin in Reeves and Pecos counties is both a struc-
tural and physiographie basin. Tts surface is covered with loose
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gravel, sand and clay debris of Pleistocene and Recent age,
brought down by streams from the mountains; and the underly-
ing rock is Permian red beds. East of the Guadalupe, Delaware,
and northern Davis Mountains, the strata dip eastwardly un-
derneath the hasin, north of the Glass Mountains they dip north-
wardly, thus forming a basin-shaped structure. The Toyah
Basin is really the southern end of the great geo-synclinal basin
of the lidano Estacado. This geosyneline was formed long pre-
vious to the latest deformation of the Front Range region.

The dominant physiographic type of the Trans-Pecos plains
is the limestone-capped mesa. In the arid climate of the Trans-
Pecog region, limestone, because of its homogeneily in composi-
tion and its imperviousness to waler, is the most resistant rock
and forms the topographic promincnees.

The extreme range in elevation in the southern Trans-Peeos
region is from 8,382 feel in the summit of Baldy or Livermore
Peak, to 1000 feet at the mouth of the Pecos.

Climate,

Trang-Pecos Texas possesses a more equable climate than any
other portion of the United States except southern New Mexico,
the immediale coast ol southern California, and the peninsula
of Florida. The mountainous portion possesses as typical a con-
tinental elimate as any portion of the North American continent
except possibly the Great Bagin. Nearly all varieties of climate
due to the ranges in altilude and latitude may be found, from
the nearly semitropical heat of the Rio Grande and Pecos valleys
to the cooler air of the higher mountains; but the region lies with-
out normal storm tracks and the sequence of weather changes is
much more uniform than in more northern latitudes or on the
same latitude farther east. Great extremes of temperature are
uncommon, oceurring for the most part during the short-lived
“northers’ and to a lesser extent with thunderstorms, The air
ig dry and pure under nearly all conditions and exerts a tonie or
bracing effect upon animal life. The dryness modifies the effect
of both heat and cold. The nights are cool even in the lower
levels of the river valleys.
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The average annual precipitation ranges from less than ten
inches in the valley of the Rio Grande 1o twenty inches or slightly
more in the higher mountains. The general precipitation, not eon-
sidering the effeets of dilferences in altitude, inereases toward the
east, reaching an average of about fifteen inches in the valley of
the Pecos. DPrecipitation occurs mostly as local showers of com-
paratively short duration and often of greal violemee. Ilail-
storms are frequent. Precipilation is caused mostly {rom con-
densation of the air as it rises and cools upon encountering the
mountains. For this reason the mountaing are favored with a
higher amount of moisture than ihe plains, basins and valleys
of lower altitude. The driest scason comprises the winter and
early spring months of December, January, February, March and
April.  Over thvee-fourths of the preeipitation comes in the
months from May to October inclusive. Liocally, a period of a
year or longer may pass with very little precipitation.

High winds and dust storms are rather prevalent during the
early spring and summer months. The mean relative humidity*
of the entire region is probably about 50 per cent., but is only
40 per cent. in the Rio Grande valley at 181 Paso. The sun shines
for 81 per cent. of the daytime at El Paso. It ean readily be
understood from these figures why the air is so dey and the low-
lands are prevailingly arid.

The eombination of a prevailingly arid climate and of local
thunderstorms often of cloudburst inlensity, is respousible for
two of the most conspicuous of the minor physiographic features,
the canyon type of stteam course in the highlands, and the allu-
vial debris fan at the foot of 1he mountain slopes. The develop-
ment of these will be explained in the section on physiography.

*The relative humidity is the percentage of moisture which the
air contains at a given temperature of that amount which it would
contain at that temperature if it were saturated. Precipitation
takes place only on saturation of the air with moisture.
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SUMMARY OF CLIMATOLOGICAL DATA.
(U. 8. Weather Bureaw)
Precipitation.
No.
Place of Jan. Feb. Mar. April May June|July |Aug.|Sept.| Oct, {Nov. | Dec. |Ann.
¥rs.
i]l 1’3%07::_ 41 7170 .45 .30 20 .26 JB8| 1.66) 1.85) 1.56 .82 .55 .43 ?.13
Fort Davig ..| 31 e i 3% a4 1,04 1,95 8.44] 8.59) 2.95) 1.34 .60 .58117.46
Tt. Stockton| 30 .38 .39 .61 460 1.4 1.87| 2,19 2.23° 2.95| 1.39 .69 .67(15.15
Kent .._._.._ 16 .46 46 27 .36 U0 1.B7 2,140 20170 1,981 1.28 97 .48112.79
Bean Temperalures
El Paso_..___ 33| 44.1 | 48.9 | 55.9 ’ 63.8 | 72.1|79.6|80.5 | %8.6]172.7|62.4|50.9 | 44.8 [62.9
Tort Dav. 29 43.8‘ 48.6 | 55.0 | 62.5 | 70.8 J 74.9 | 76.1 | 73.9 | 68.6 | 61.0 | 51.3 | 45.2 [60.8
Ft. Stockton| 28| 45.3 | 40.7 | 58.0 | 64.4 | 78.5 | 80,0 | 80,9 | 79.4 | 70.9 | 64.8 | 53.2 | 46.2 [63.9

Lowest Tempeiatures

At El Paso 5° helow zero in December,
At Fort Davis 3° helow zero in January.
At Fort Stock’con 2° above zero in January.

Highest Temperatures

At El Pago 113° in June.
At Fort Davis 111° in June,
At Fort Stockton 114° in June.

Mean Relative Humidity

Ll Pago:

s a. 22| 61 54 43 38 35 42 6L 64 64 60 60 | 61 b4
8§ p. 22| 33 26 17 & 13 16 30 43 33 81 34 35 26
Ft., Davis._.| 101 52 46 44 40 43 47 53 56 61 56 54 51 50

Ft. Stockton| 9 &7 53 52 48 59 67 b4 56 [ 62 ] 61 59 | 59 b6

Sunshine (Percentage)

Tl Paso..___ | 5/ 73 | 78 | 8 | 8 | 90 ] 98 | 74 | 74 | 8 | 8 | T3 ] 71 | 8
Elevations
Tl Pasgo - 3,762 feet Ft. Stockton 3,050 feet
Ft. Davis 5,000 feet Kent - 4,218 fTeet
Vegetation.

In the higher monntains junipers, and cedars of several species,
pifton, Texas madrofio, a number of species of oak, mulberry,
hackberry, wild cherry, mountain sugar maple, and several
species of ash compose the sparse and scatiering forest. Rocky
Mountain white and yellow pines oceur in the Davis Mountains.
In the stream valleys and canyons are found cottonwood. willows,
walnuts, Spanish buckeye, Arizona buckthorn and Mexican pei-
simmon. The flatls, covered by fine soil, are characterized by
crcosole bush, greasewood, mesquite, sagebhrush, and eat’s claw
(Acacia). The grassy plateaus with the deeper soils have the
short grass vegetation of the Llano Estacado.
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The most characteristic and abundant vegetation of the region
iy that of the rock-strewn foothills and mountain slopes, on
gravel terraces, and where the limestone has been dissected into
round-topped hills, draws, valleys, and ridges, and more or less
covered by rock debris. This vegetation abounds in plants of
the cactus, yucca, and agave types, wilh many of the most
characteristic deserl shrubs and chaparral speecies. Some of the
commoner plants encountered are sotol (bear g}'ass), Jechuguilla,
ocotilla, ephedra, euphorbia, allthorn ,meseal (Agave), and many
species of cacti. The resurrection plant (Selaginella) occurs on
bare limestone surfaces. The sotol is cul and fed to stock and
was also used as food for the aborigines. The guayule plant is
used Tor the manufacture of rubber and the candelilla (cande-
laria) for the making of wax. The lechuguilla is used for fibre,
especially in northern Mexico. 'This vegetation has a markedly
dwarfed and seattered aspect.*®

Animal Life.

There is a surprising amount of animal life in this desert
country but it is best seen early in the morning and late in the
evening. There is a large number of birds, but the raptorial
specics are most often seen. One of the characteristic birds of
the region is the road-runner or paisano. The mammals include
prairic dogs, jack and cotton-tail rabhits, squirrels, gophers,
mice, rats, opossums, peccarics, armadillos, foxes, coyotes, rac-
coons, bhadgers, skunks, and wildeats. Big game is scarece but
the following are occasionally found: whitetail and mule deer,
prongbuck {antelope), Mexican mountain shecp, Mexican
cougar, wolf, and small black bear. Iizzards, snakes and desert
tortoises are fairly abundant. The only venemous reptile is the
rattlesnake. Secorpions, tarantulas and centipedes are common.

*For a more complete account of the vegetation of the debris-
strewn slopes see Bray, W. L., Vegetation of the Sotol Country in
Texas, Bull. Univ, of Texas, No. 60, 1905.
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Scenic Fealuyres,

]

Desert scenery in gencral has a forbidding and monotonous
aspect to most of mankind. The general color is ashy, the effect
desolate, and the landscape bare. There are, however, two fea-
tures of desert mountains which are remarkable and not devoid
of either beauty or c¢harm. The one is the forms assumed by
the bare rock surfaces especially in the canyons; and the other,
the light effects in early morning and late afternoon,

The canyons of the region are carved ot of two kinds of rock,
the one buff or grayish limestone, and the other deep red lavas.
The two rocks give rise to entirely different erosion effects.
More resistant beds generally alternate with less resistant omnes
in the limestones. The more resistant limestones form sieep,
often vertical, much fretted cliffs. Weathering is more effeetive
along joints and in more soluble or less eompacted portions and
the general effect produced is that of ancient massive masonry.
The less vesistant beds form less steep slopes often covered with
debris from higher layers. 'T'he entire limestone series gives the
buttressed cffect characteristic of Gothie architeeture, Tu the
hazy sunlight of the late affernoon the canyon walls glow and
assume shadowy outlines, the colors and contrasts of form merg-
ing into a harmonious whole. The light becomes opalescent, the
whole landscape takes on a ghosi-like appearance, and solid ob-
jeels appear cvanescent. At midday the glare is intensc and
the light almost blinding, especially when it falls on whitish
rocks, such as the limestones. The hazy opalescence of the at-
mosphere is a distinet peculiarity of early morning and late ev-
ening in the desert, and to it the arid landscape owes its chief
charm.

The Davis Mountains can be tfaken as the best example of
the lava ecanyon region. The lava flows and associated tuffs
there reach a maximum thickness of 2,000 feet, and some of
the canyons on the north side of the range cut through the entire
thickness. In the mountains, becanse of their superior eleva-
tion, the rainfall is greater and there is more vegetation and,
in some places, running water. Where the flows are interbed-
ded with less resistant tuffs, there is some approach to a ter-
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raced profile of canyon walls. This is never as complete as in the
limestone; the lava is more massive and joisted in columnar
fashion; the erosion effects arc chaotic, and by no means as reg-
ular as in the stratificd Jimestones. Where the removal of un-
derlying {uffs brings about undermining of massive lava, irveg-
ular, hummocky, landslide topography is {frveguent. The tuffs
are light in color, grayish white, pink, or green, and afford agree-
able contrast with the dark somber tint of red lava, which latter
contrasts with the bright green of the vegetation.

The much-croded mounntaing exhibit themselves to best ad-
vantage in the shadows of morning and evening. It is then that
the details of structure stand forth with the clearness of an etch-
ing. The distant valleys are immersed in gloom and the rocky
divides between them are clothed with a soft light which serves
to emphasize all the intricate details of their seulpturing and
structure. Many minor details in the physiography are only
apparent at such times, for the glaring light of the midday sun
causes details to meree into one bewildering whole. During the
middle of the day, the mirage, especially in the lower areas, is
seldom ever absent. In the deserts, then, as in the higher moun-
tains, the most pleasing landscapes arc due to the effeets of
lighting. The desert seldom makes its grealest appeal to the
stranger. One must frst learn to know it and know it in every
season and all hours of the day and al night as well, to thor-
oughly appreciate its charm, which is an cver-growing thing.
The rich, flooding moonlight of the cloudless sky and dry trans-
parent atmesphere gives perhaps the greatest contrasls of all
for anything in the shadow is of inky blackness, and anything
lighted up is flooded with a rich and glowing light. In the ab-
sence of the moon, the clearness of the desert atmosphere rend-
ers visible many more of the stars than arc seen in more humid
regions,

Nature of Work Accomplished

During the course of the four month exploration in the sum-
mer of 1915, about 4,500 square miles of areal geology were
mapped ; and for the most part of this, no base maps were avail-
abte, but had to be constructed by means of triangulation. In
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covering territory of fairly complicated structure at the rate
of over 1000 square miles per month, of a necessity much of
detail must eseape the observer. Tn such an arid region, expos-
ures are gencrally good, aiding much in rapid work, Geologic
struciure is, however, complicated, rock strata are more or less
metamorphosed, and the broad valleys are largely covered with
loose debris in the Marathon Bagin region; so that to adequately
investigate the geology of this one region will take several times
as lone ag the whole time spent in the eniire exploration.
Enough wag accomplished in the Marathon Basin to work out
the general sequence and ages of the rock formations and to
deeipher the leading elements in the strueture. Very little time
could be spent on the Cretaccous formations where only the map-
ping of the arcal distribution and leading siructural features
was attemptled, The same may be said of the igneous rocks
which in themselves present an intensely interesting field for
carclul investigation. Hffort was made to collect leading types
of umaltered rocks for petrographic investigation, which has
been undertaken by Prof. (. E. Marsh, of the Armour Institule
of Technology.

THE SEDIMENTARY ROCK SERIES

The sedimentary rocks of this area cinbrace rcpresentatives
of Upper Cambrian, Ovdovician, Devonian (%), Pennsylva-
nian, Permian, Crelaccous and Pleistocene ages. There is a for-
mation of novaculite and chert in the Marathon Basin, which
is underlain by upper Ordovician and overlain by Anthracolithice
rocks, but the exact age of which is unknown. The presence of
numerons beds of ehert in formations of all the Paleozoic periods
except the Cambrian, is a very remarkable feature of the Mara-
thon Basin region. There is probably no other region in the
world which exhibits se much and so wide-spread chert in its
Palcozoic formations. The total thickness of Paleozoic and
Mesozoie sedimentary rocks is about 30,000 feet.

PALEOZOIC

The pre-Permian Paleozoiec formations here deseribed are
yvei known only in the Marathon Basin, but some of them may
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be présent in the Solitario, an arca of similar folded Paleo-
zoies, northwest of Terlingua, In the Marathon Basin the
pre-Anthracolitic rocks are almost entirely confined to the cen-
tral region, around which is a ring of the Anthracolitic. The
Permian roeks arve found in the (Hass Mountains and northern
part of the Mount Ord Range, and fringe the Marathon Basin
on the northwest.

The older Palcozoie outerops extensively in the central and
western portions of the Marathon Basin on both sides of the
line of the Southern Pacific (G., H. & S. A.) railroad. Along
the line of the railroad it is found in cores of anticlines [rom
Warwick siding to Lenox scetion-house. Most of the exposures
are south of the railroad, and the best exposures are southeast,
south and southwest of Marathon station. Along the south-
west margin of the Marathon Basin, between Del Norie Gap and
the summit of the Santiago Range, the older rocks appear in
the cores of steeply folded, overfolded, or overthrust folds of
the lower Comanchean Cretaccous. The folds in the carly Pale-
ozoic there contlinue their strike toward the Selitario and prob-
ably underlic part of the synclinal bagin in the Big Bend
country west of the Front Range. In the central poriion of the
Marathon Basin the older Palcozoie iy exposed bencath the site
of the former summit of the Marathon dome of Comanchean
rocks, which latler are now removed by crosion, The gencral
structure of the early and middle Paleozoic rocks is that of a
serics of isoelines overturned o the northwest, accompanied by
overthrusis and dip faults. In the very heart of the Basin, how-
ever, in a line extending northeast from the junction of the
Pena Colorado and Maravillas Creeks 1o a point more than five
miles southecast of Marathon, a series of antielinal folds, though
flanked by very steep dips, is more nearly symmetrical and in
general the folds are not overturncd. The pre-Pennsylvanian
rocks onterop in three anticlinoria between which lie synelinoria
of carly Penngylvanian rocks.

UPPER CAMBRIAN—/RBREWSTER FORMATION

The name Brewster formation, from Brewster County, Texas,
i applied to the oldest rocks yet found in the Marathon Basin.
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The formation outecrops in two anticlinal axes both of which
lie south of Pefia Colorado Creek, the one about one and a half
miles northeast of the junction of the Pefia Colorado with the
Maravillas, and the other eight miles northeast of the junction.

The base of the Brewster formation has not been found, nor
can its top yet be determined with certainty. The thickness
of the strata exposed is between one and two hundred feet. The
strata consist of flaggy and thin-bedded sandstones, mostly
brownish in color, interbedded with dark green shale. The for-
mation much resembles the overlying Ozarkian, from which
it is scparated on paleontological considerations. Upper Cam-
brian fossils were found in both anticlines in a fine-grained
brownish limestone, The following were identified by E. O.
Ulrich:

Lingulella manticula
Lingulella desiderata

+ Acrotreta ldahoensis
Acrotreta sp.
Acrocephalites aff, A. aoris

Mr. Ulrich says: “‘The first three species of this list are
typical Upper Cambrian fossily in Nevada and elsewhere. Al-
though they are said to range upward into the lower beds of the
Pogonip, my comparisons indieate that the higher occurrences
are not strictly the same forms as those held by the species dur-
ing Upper Cambrian time. This conclusion is corroborated
by the trilobite (Aecrocephalites) which is of a genus unknown
above the Cambrian.”

““So far as it goes this association all through is decidedly
like that found in the Dunderberg shale of the Nevada Upper
Cambrian section.”

ORDOVICIAN-—MARATHON SERIES

The name Marathon series is given to a little-known group of
rocks of lower and middle Ordovician age. These may not
constitute a natural group, for there may be one or more un-
conformities within the series. Tmportant paleontological gaps
are indicated by the collections, but in some cases there arc sirata
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Iying hetween these gaps which have yet yielded no fossils. No
continuous or complete seetion of the series has vet been found,
hence the apparent gaps may be accounted for by lack of knowl-
edge ol the real succession.

The serics, so far ag now kunown, comprises in ascending order
the following members:

1. Flaggy and thin-bedded sandstones, mostly hrownish in
color, but some dark gray, interbedded with dark green sandy
shale, the whole having a thickness of 300 to 500 feet. Grains
of glauconite oceur in the series. On exposed surfaces the sand-
stones often have lavender eolor. At the top is a dark-colored
erayish and blackish shale interbedded with thin shaly and
flaeey light brown sandstones, somelimes very fine-grained, but
generally conrse-grained, grilly, or conglomeratic. Ncar the
top are layers of a white and brown spotted, soft, flaxseed-like,
{ossiliferous, phosphatic limestone, originally oolitic. Twenty
to thirty feet below the top are thin-bedded light brown sand-
stones, containing Lengule and other brachiopods, and flaggy ar-
cnaceous shales of the same color as the sandstones. About 100
feet below the top is a conglomerate earrying scams of caleite,
both rhoutbehedral and fibrous in form, small pebbles of quarts,
bryoroans and brachiopods, and specks ol glauconite. The mat-
1ix appears to be limestone  In this conglomerate are angular
fragments up to an iuch in diameter of light brown or green,
very fine-grained sandstone or decomposed chert, very firmly
welded to the light brown matrix so that the rock breaks across
the conglomerate fragments. The following fossils were deter-
mined by L. O. Ulrich;

Obolus rotundatus Walcott

Lingulella pogonipensis Walcott

Schizambon typicalis Walcott

Ecorthis desmopleura Meek (Orthis hamburgensis Walcotl)
Symphysurina mesleri Ulrich

Symphysurina spicata angusia Ulrich

Symphysurina brevifrons n. sp. Ulrich

Conokephalina inexpectans (Walcott)

Apatlokephalus finalis (Walcolt)

Hungaia ? sp. (pygidium only).
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Of these he says: ‘‘Thig faunnle represents unquestionably
a well-marked zone in the lower part of the Pogonip limestone of
Nevada. All save the last speeies of the list are found also
in this zone in Nevada; and the last also is there represented by
a closely allied speeies. In Nevada it underlies beds with Cana-
dian faunas, In Quebee similar species are contained in bould-
ers inclnded in slates of the Levis shale containing myriads of
carly to middle Canadian graptolites. No similar types are
known in any Canadian [auna. Evidently, then, this Symphy-
surina zone is older than the basc of the known Canadian. As
it is obviously yonnger than any true Upper Cambrian fauna, it
must belong to some intermediate Ozarkian stage. Now, because
the genus Symphysurina—reeently established by me with 26
species—occurs outside of Nevada, Texas and Quebee only in the
Oneota dolomite, an Upper Ozarkian formation in the Missis-
gippi Valley containing three speeies of this genus, the present
state of the evidence permits of only one conclusion respecting
the age of thig lower Pogonip fauna, namely, that it is Ozarkian,
and most probably Upper Ozarkian.’’

Ulrich correlates the launa of the Symphysurina zone of the
Marathon series with the Upper Ozarkian of the Mississippi
Valley, the Chepultepee chert of the southern Appalachian val-
ley, and with erratics in the Levis shale of Quebee.

The above deseribed lowermost beds of the Marathon scrics
were noted only in the axis of an anticline one and one-half
miles northeast of the junction of Pefia Colorado and Maravil-
las Crecks, where they overlie the Upper Cambrian Brewster
formation and are unconformably overlain by the Marvavillas
chert,

The next localily showing a younger scquence of the Mara-
thon series is at the morth base of a hill three and one-third
miles in a straight line northeast of Maravillas Gap:

2. At least 300 feet of beds with fine quartz conglomerate
on top, grading down through conglomerate to coarse-grained to
fine-grained sandstone with muech mmuscovitie or sericitic miea,
interbedded with green or light bluish-gray arcnaceous shale,
much erumpled, much discolored by scams of red and brown
oxide and traversed by thin seams of platy, transparent selenite,
The base of the member was nol exposed.
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3. Dark gray thin-bedded limestone, both crystalline and
very fine-grained, at the base of which is two and one-half
feet of rather uniform-sized pebble conglomerate, scarcely one
of the pebbles of which is over one-fourth inch in size, com-
posed of clecar quartz and fine-grained limestone in a limestone
matrix, There are a few thin beds of black chert near the top
of the limestone. A species of the Obolidae is found above and
graptolites near the base of the limestone. The member is 130
feet thick and has the following [ossils, as determined by Ulrich:

Didymograptus cf. extensus

Tetragraptus aff. fruticosus

Phyllograptus cf. ilicifolius and angustifolius
Paterula sp

Acrotreta sp.

Ulrich states that ‘‘Tven though the preservation of the fos-
sils in this lot is not so good as one might wish, it is yet amply
good enough to establish the age of the bed beyond any reason-
able question, In other words, it is a small but unmistakable
representation of the Phyllograptus fauna which marks the me-
dian zones of the Canadian system.”’

TUlrich correlates the Phyllograptus zone of the Marathon
series with the middle to upper part of the Ouachita shale of
Arkansas, the middle part of the Levis shale of Quebec and
New York, and the Skiddaw (Arenig) shale of Scotland.

4. Rotten, soft, very dark dirty green, gray or black shales,
interbedded with layers of sandstone from one-fourth inch to
one foot in thickness, generally friable but sometimes hard, and
dark greenish-hrown, grayish, or russet in color. The thickness
exposed is about 500 feet and the member is unconformably
overlain by the Maravillas chert.

5. About five miles southwest of the town of Marathon Dr,
Bose found, in the cores of steeply-dipping anticlines, still higher
strata below the horizon of the Maravillas chert. These consist
of thin layers of grayish-white generally sandy limestone pass-
ing into fine-grained conglomerate or coarse caleareous quartz
sandstone, varying from four inches to two and one-half feet
in thickness; interbedded with very thinly-laminated dark yel-
lowish brown, gray and yellow arenaceous and caleareous shales
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in beds from five to 50 feet in thickness; and some very thinly-
laminated yellowish sandstones. The upper and middle parts
are principally shales. The exposed thickness is about 375
feet, the base not being exposed.

About eight layers of limestonc can be distinguished. There
are thin layers of limestone in the lower part which frequently
contain grains of quartz, sometimes almost conglomeratic. The
thickest limestones are unfossiliferous. Fossils were found in
the two lowest layers of limcstone, stratigraphically about 100
fcet below the base of the Maravillas chert, about two miles
southwest of the Lockhausen ranch. The following were de-
termined by Ulrich:

Crinoidal fragments

Anolotichia aff. A. revalensis
Nicholsonella sp. (ramose, brancheg, slender)
Phaenopora cf. incipiens

Stictoporella cf. exigua

Rhinidictya sp.

Plectambonites aff. P. quinguecostata
Furychilina sp.

Aparehites sp.

Ulrich notes that ‘‘This zone reminds mostly of early Trenton
types of northeastern New York and latest Black River species
in Pennsylvania and Minnesota. It docs not seem to be quite as
old as the lowest of the Viola faunas in eentral Oklahoma.”’

Abocut one to onc and a half miles to the cast of the above
fossil locality there are about 200 fcet of shales with hardened
layers, dark brown to yellowish, sometimes olive in color, over-
lain by the Maravillas chert.

At the southeast base of the series of chert ridges in which
are the Garden Springs, at a point about 5 miles south, 55 de-
grees east, of Marathon, north 20 degrees west from the summit
of Caballos Mountain and north 35 degrees east from the sum-
mit of Santiago Peak, the upper strata of the Marathon series
are rotten, dirty green shales with thin, rusty, greenish-brown,
flaggy sandstone layers passing down into alternating beds of
thin layers of rusty brown or blue gray fossiliferous phosphatic
limestone which alternate with layers several feet thick of a
greenish-blue or dirty green, brittle shale. There may here be
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a gradation upward [rom the Marathon series into the lower
orr Trenion portion of the overlying Maravillag formation, since
1he strata at ithe contact are thin-bedded limestone with banded,
nodular or lenticular chert, interbedded with a dirty-green
to bluish green, hrittle, siliceous shale. The limestone and shale
portion of the Marathon serics here exposed has an estimated
thickness of 300 feet and is underlain by shale. A layer near
the top about one fool in thickness is full of small fossils. In
the anti¢linorinm in the low country cxtending south from here
to the next high ridge, the limesione and shale member of the
Marathon series is repeated a number of times in the lower
areas scparated from each other by low ridges of the Maravillas
formation.

Part of the Marathon series is exposed on the south slope of
Caballos Mountain and probably in places between the ridges
to the southwest of that mountain.

On the northeast slope of the ridge east of the wagon bridge
on the Pefla Colorado Creek, southcast of old F't, Pefia, the
following section of the Marathon series is exposed:

Thickness
in feet.
Top. Maravillas Formation,
1. Very finely laminated, dark green shale with local hardened
and discontinuous thin blocks of finely crystalline brown
limestone, for the upper 15 feet. These blocks are from

3% to 1 inch thick and carry fossils................. 50
2, Thin-bedded, nodular, greenish-brown limestone, carrying
fossils, interbedded with dark green shale............ 2

3. Thin-bedded, dark green shales, more sandy than above,

with local irregular, soft, brownish-green sandstones, abont 63
4. Greenish, thin-bedded limestone and shales with fossils in
the IHmMeStones . .. it e it e e e et e e i e e
Like No. 3, to base of ridge. .. ... ... ... about

oF
< o

(=21

A part of the higher portion of the Marathon series is ex-
posed in the axis of a normal anticline located partly on the
Granger, and partly on the Gage ranch at a locality some five
miles southecast of the town of Marathon. IHHere a thickness of
about 500 feet of beds is exposed beneath the overlying Mara-
villas formation, The upper two-thirds of this thickness may
be designated as dark green shale, although it has frequent
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interbeds of peaty sandstone, rusty or greenish brown in color,
and of laminated brown limestones in beds up to one fool in
thickness. Some of this limestone is phosphatic. There are
also phosphatic limestone nodules in 1he shales which eontain
fossils, are oolitie, and when uniweathered, are very dark brown-
igh-black, or blue-black in color; but generally have a surface-
weathered shell of a rich brownigh-yellow color. Limestones
inercasc in thickness and number toward the base of the section.
They are, in the lower poriion, mostly phosphatic; range in
thickness from an inch or less up to three feet or more; weather
cither brownish or dove-colored; and are separated hy intervals
of shale and thin, flaggy sandstones which probably average 10
feet in thickness. The shales are also often phosphatic. The
limestones sometimes give off a fetid odor upon being struck
with a hard ingtrument. They arc often oolitic. Small rounded
pebbles of black cherl are found in the limestones about 100
feet above the base of the exposure. The unweathered limestone
is very dark brown, or blue-gray. Fossils are abundant in the
lower limestones, especially in some beds aboul a hundred feet
above the base of the exposure,

ORDOVICIAN—MARAVILLAS FORMATION

The Maravillas formation consists of dark gray, thin-bedded,
alternating chert and lmestone with some beds of rather fine
conglomerate of chert and quartz in a limestone matrix. There
is generally a basal conglomerate from one to three feet in thick-
ness, made up of boulders and pcbbles of dark-colored chert,
sandstone, limestonc and clay iron-stone. Some angular chert
boulders are as large as onc fool in diameter, but in general the
conglomeratic material ranges from one-cighth inch up to six
inches in size.

The type locality of the Maravillas formation is Maravillas
Gap on the Marathon-Terlingua road, about fourteen miles in a
straight line southwest from Marathon. There the Maravillas
Creek cuts across the strike ridges of chert at a point near their
southwestern end. The following description is of a seetion
between one and two hundred yards east of the Gap (Plate 1 &).

The base of the formation here, as elsewhere, is marked by
either an erosional unconformity or a planc of shearing, At the
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base is a layer of conglomeratic and finely arenaccous limestone
carrying angular and rounded dark chert fragments, ranging
up to six inches in diameter. The limestone ig finely crystalline
and traversed by thin seams of crystalline caleite. Crystals
and stalactitic forms of calcite coat exposed surfaces of both
limestone and chert. The basal conglomerate averages about
one foot in thickness and is mainly made up of rather large,
often flattened, angular and subangular fragments of black chert
which range from one-gighth inch up to six inches in size. Sub-
ordinately, arc fragments of chert of other colors, fragments of
the underlying Marathon series sandstones, and clay iron-stone,
the latier alone generaliy rounded. Locally the basal conglom-
erate may be (wo feet or more in thickness and carry angular
cheri boulders of one foot in size.

Near the hase is some fine-grained light gray material with a
pinkish cast, thinly and imperfectly laminated, aggregated in
relatively thin beds a few inches in thickness and interbedded
with the cherts. This somewhat resembles the Monterey Mio-
cene shale of California. Above are layers of dark-colored
brownish or blackish chert, banded in layers ranging from
cighteen inches to less than one inch in thickness, The bedding
is rather irregular and sometimes slightly contorted. The chert
is greally fractured and traversed by thin seams of erystalline
caleite, often no thicker than fine pencil lines. Some of it is
stained reddish or pinkish, apparently with iron oxide. There
are many layers of fine-grained light gray limestone, often show-
ing fine laminae on weathered surfaces. Thin layers of chert
are either plastered on this limestone or firmly welded in inter-
beds with it. On the whole the member is chert.

The limestones contain fossil bryozoans, corals, and brachi-
opods, generally arranged in thin layers. The Bryozoa form
thin reefs. The limestones are litecrally packed with fossils,
mostly of Bryozoa and small corals. Another characteristic of
the limestones is thin seams and lentils of blackish chert which
weathers brown. Some of the limestone layers are only a few
inches in thickness.

In the upper half are layers of fine-grained dark gray quartz-
ite, ranging up to two inches in thickness, interbedded with
chert, a large portion of whieh is of lighter color than lower
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down, being of a rather light blue-gray or mouse color. Some
layers are of a rather coarse-grained light gray sandstone which
has been metamorphosed to a quartzite. Both the quartzite and
sandstone possess lentils, irregularly shaped masses and thin
bands of chert, which weathers brownigsh. The sandstone is
composed of clear-grained angular particles of quartz. Bedded
black cherts continue to the top of the formation. The meas-
ured thickness of the Maravillas formation at Maravillags Gap is
325 feet.

At a locality about eight miles northeast of the junction of the
Pefia Colorado and Maravillas creeks, there is at the top of the
Maravillas [ormation, just under the Caballos novaculite, a
small amount of light brown arenaceous shale, weathering pink-
ish, which may possibly be the equivalent of the Sylvan shale
in the Arbuckle Mountaing of Oklahoma., Rine conglomerate
appears 10 be sparsely distributed more or less throughout the
entire Maravillag chert. Thig conglomerate is gray in color and
composed of fine angular to subangular quartz grains, averag-
ing about one-sixteenth inch and less in size, in a malrix of
finely erystalline limestone. This conglomerate also contains
small pebbles of cherl. On the south side of the Tefia Colorado
Creek a stadia measurement gave the Maravillas formation a
thickness of 270 feet. At the site of old Fort Peda, five miles
south of Marathon, it is less than 150 feet thick, The greatest
thickness was observed by Dr. Bose in a normal, steeply-folded
anticline about five miles southeast of Marathon, where there
is between seven and eight hundred feet with the base not ex-
posed. Here the lower beds are mainly limestone and the upper
beds mainly chert. The horizon of later Trenton fossils here is
fully 300 feet above the base and the lower 300 feet of strata do
not oceur in the sections farther southwest. In a ne ghboring
locality Dr. Bose found the total thickness of the Maravillas to
be only about 100 fest.

Fossils and Age. The following fossils, determined by Mr. E.
0. Ulrich, were found at the type locality 200 yards northeast
of the north end of Maravillas Gap:

Hallopora aff. H. elegantula

Anaphragma mirable?
Hemiphragma imperfectum



90 Universily of Texas Bulletin

Bythopora cf. delicatula
Crepipora hemispherica?
Rhombotrypa subquadrata
" Lioclema wilmingtonense
Constellaria maculata
Constellaria sp.

Favositella cf. epidermata
Pachydictya sp.

Rhinidictya sp.

Eurpdictya cf. sterlingensis
Phaenopora wilmingtonensis
Helopora sp.

Arthroclema angulare
Screptopora facula
Dalmanella aff, testudinaria
Dinorthig cf. subquadrata
Hebertella insculpta
Platystrophia sp.

Plectambonites trangversalis elegantula?

Plectambonites cf. saxeus
Rhynchotrema capax manniense
Rhynchotrema cf. anticostiense

Ulrich says ‘‘This is a typical Fernvale-Richmond fauna. The

Bryozoa are particularly characieristie.

Their abundance in

this collection suggests very shallow veef-like conditions.”’
Other ccllections made, add to the above list the following:

L.eptaena rhomboidalis var.
Platystrophia

Hebertella insculpta
Crinoids

Zaphrentis and Streptelasma, 3 or 4 species

Columnaria aff. C. alveolata

Streptelasma sp. with angular dorsum

Cyathophylloides thomi (Hall)

The coral zone of the Richmond oceurs in lenticular masses of
conglomerate about fifly feet above the graptolite horizon of the
later Trenton at the localities about six miles southeast of Mar-

athon.

Ulrich discusses the stratigraphic position of the Fernvale-
Richmond zone as follows: ‘‘In the Tishomingo, Oklahoma,
folio, the Fernvale-Richmond zone holds precisely similar rela-
tions to the typical Viela limesione of Oklahoma as does this
zone in the Maravillas chert to the underlying Trenton portion
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of that cherl. Though seldom, if ever, exceeding 20 to 50 fcet
in thickness, and often less, the Fernvale zone is recognizelle in
many places {rom Texas 1o Alaska and Missouri. Ag it rests on
various preceding formations and thus marks a great trans-
gression following a more or less long period of emergence, I
have placed it at the base of the Silurian.”’

A lower horizon in the Maravillas formation contains Tren-
ton fossils. Ulrich determined the following from a locality one-
balf mile north of Payne’s ranch on the cast side of Mara-
villas (Dugout) Creck, 300 yards from the creek:

Diplograptus cf, amplexicaulis Hall

Fragment of a unicellular graptolite stipe suggesting a Didy-
mograptus like D. sagitticaulig

Lingula sp.

Probably new genus of discinoid brachiopod

Leptobolus sp.

Probably two other undetermined species of inarticulate
brachiopods

Scenidium cf. anthonense

Leptaenoid shell of undetermined genus

Leptaenoid shell of undetermined genus (a second 1Ipecies)

Strophomena ? n. sp.

Strophomena ? n. sp. 2

Plectambonites aff. sericeus

Parastrophia aff. hemiplicata

Bythocypris

Krausella arcuata

Aparchites aff. labellosa

Eurychilina aff. ventricosa

Eurychilina sp. 2

Dicranella cf. spinosa and simplex

Cryptolithus sp. fragments of shield

Fragments of 3 undetermined sp. of trilobiteg

Referring to these determinations, Ulrich says: ‘‘Most of the
25 speecies of the above list are recognized as forms belonging
to the ag yet undeseribed fauna of the Viola limestone of Okla-
homa. The general aspect of the fauna is that of the Atlantie
facies of the Trenton; and as it contains some identical species
it 1s assigned to that age.

““The Viola containg four or five distinguishable faunal zones.
Most probably the equivalent beds in the Marathon Basin are
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similarly marked by slightly different faunal associations.
Furthermore, some of the layers contain a little besides Diplo-
graptidae, otherg chiefly fragments of the trilobite Cryptolithus,
where others have a more varied fauna. The various collee-
tions here indicate like variations in fossil contents in the Mara-
thon Basin region.’’

Two and a half miles north of Woodhollow tank, six miles
southeast of Marathon, was found a species of graptolite of
the genus Climacograptus, which is remarkable in that the lower
side of the mouths of the cells of the lower half of its stipes
is drawn out into a long spine. This species seems to be new.

At the ecast base of the Mount Ord Range, near its southern
end, were collected the following:

Fragments of diplograptids

Lingulops cf. Norwoodi

Dalmanella ef, testudinaria

Zygospira cf. modesta

Plectambonites cf. sericeus

Fragments of cryptostomatous Bryozoa
Fragments of treposiomatous Bryozoa
Cryptolithus intermedius? (fragment only)
Cryptolithus explanatus

Fragment of free cheek of Ceraurus ?

Ulrich states: “‘This faunule is regarded as of Trenton age.
One of the trilobites is identieal with a characteristic species of
the Viola limestone of Oklahoma.’’

One mile northeast of the junetion of Pefia Colorado and
Maravillas creeks were collected the following:

Leptobolus cf. walcotti

Acrothele 7 sp.

Probably new genus of discinoid shells, Reminds also of
Acrothele,

Ulrich correlates the lower portion of the Maravillas forma-
tion with the middle and upper Viola limestone of the Arbuckle
Mountains of Oklahoma and the Trenton of New York.

Stratigraphic Relation. The lower or Trenton portion of the
Maravillas formation marked a transgression of the sea over a
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number of older formations. In the normal anticline about
eight miles northeast of the junction of Pefia Colorado and
Maravillas creeks and one mile southwest of the Pefia Colorado
at its nearest point the unconformity at the base of the Mara-
villas lies only a few feet above the horizon of the Upper Cam-
brian fossils. In the anticline one and one-half miles northeast
of the junction of the Pefia Colorado and Maravillas crecks the
Upper Ozarkian crystalline limestone is succeeded by about one
hundred feet of beds of unknown age before the horizon of the
unconformity at the base of the Maravillas is reached. Three
and one-third miles northeast of Maravillas Gap five hundred
feet of sandstones and shales of unknown age overlie Middle
Canadian limestones and are overlain unconformably by the
Maravillas chert. Tinally, near the mnortheast end of the
earlier Palcozoic area about five miles sontheast of the town of
Marathon, Dr. Bose found a section with Lower Trenton at
the base and above three hundred feet of dark gray limestone, on
top of which lay the Maravillas chert. Since the lower part
of the Maravillas chert carried later Trenton fossils everywhere
noted, there may be no unceonformity in the region five miles
southeast of Marathon.

Since the deformation of the earliest Paleczoic strata is
everywhere intense, there is a possibility that some of the rela-
tionships interpreted as nunconformities may have been produced
by shearing between the beds.

As the Maravillas is of quite variable thickness, it is probable
that it is separated everywhere by an unconformity from the
overlying Caballos novaculite. But such unconformity between
the two was actually observed only in the vieinity of old Fout
Pena.

LOWER DEVONIAN (?)—CABALLOS NOVACULITE

The Maravillas formation is unconformably overlain by
cherts. These cherts were originally divided® into two forma-
tions, the Caballos novaculite below and the Santiago chert
above, but later work by the scnior author appears to indirate
that they are really one formation, two members of both the
original Caballos and Santiago being included in the seetion in
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some localities. Il is now thought thatl in the localities firsi
examined, crosion has removed the upper movaculife and uvpper
predominantly grcen ehert. However, in a region so intensely
deformed as this, in which there is almost everywhere slicken-
giding and brecciation of the brittle cheri, there is a possi-
hility of duplication of beds by shearing or thrusting. Should
this finally prove to be the case in the regions where the sec-
tion exhibits two members, hoth of the white novaculite and
the banded, vari-colored chert in the same succession, the
name Santiago may be re-applied to the latter.

The type locality of the Caballos novaculite is Caballos
Mountain, the highest point in the folded Palcozoic avea of
the Marathon Basin, which rises in the sontheastern portion of
that basin to g height of 1200 feet above it surroundings. The
entire northern face of Caballos Mountain is made up of the
white Caballos novaculite. The thickness of the lower three
members of the formation here, not including the upper mem-
ber of vari-colored chert, is probably more than 300 feet.
Here the lower nmovaculite member is the thinner. Overlying
the lower novaculitec member are interbedded thin lavers of
green and black chert. Upon the latter rests the upper nova-
culite member, which is muech the thieker in the Caballos
Mountain ridges, but appears to be thin at Woodhollow Tanks.
The upper member is, as usual, very similar to the lower
variegated chert member. In places the lower green and black
chert and novaculite member contain some black mangancse
dioxide.

The white novaculite, because of its resistance to the forces
of crosion, forms the most prominent exposures and the best
horizon marker in the folded Paleozoic rocks of the Marathon
Basin. Its thickness is variable and most of the original
formation was probably removed by erosion before the de-
position of the overlying Santiago chert. Tn the western por-
tion of its area of outerop, the lower bed of white novaculite
is generally about 90 feet in thickness, the lower 40 feet con-

P
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*Review of the Geology of Texas, Bull. Univ. of Texas No. 4%,
pp. 39, 41,
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sisting of rather thin-bedded light brown chert with some
white novaculite, and the upper 50 feet of massive-hedded,
muech fractured, often brownish-stained, white novaculite,
with its upper surface often conspicuously ripple-marked. In
the southeastern avca of its outerop the formation appears to
be thicker and there may be more than one bed of white nova-
culite, interbedded with thin-bedded gray and blue cherts.
The folding is there complex and time was not available in
which to work out the intricacies of structure necessary to a
better knowledge of the stratigraphy.

In the anticlinal ridge northeast of the junetion of the
Peila Colorado and Maravillas creeks, the lower 40 feet of
the novaculile member is thin-bedded and bhrown in color.
This is followed by 50 feet of white novaculite, in turn over-
lain by the lower green chert member. The upper novaculite
and vari-colored chert members are not present in the section.
In the normal anticlines on the Gage and Granger ranches,
and about five miles southeast of Marathon, the section of the
Caballos novaculite is as follows:

Thickness
in feet
Base—Maravillag formation, here 300 or 350 feet thick
1. .Novaculite, lower 30 feet thinner-bedded. All stained

brownish . ... ... . e e e 90-100
2, .Thin-bedded, vari-colored chert, green color predominant 150
3. .Whitish or cream-colored novaculite................. 25
4..Thin-bedded brown, greenish, black, or reddish chert.... 604

The bedding surfaces of the novaculite are very often hum-
moeky, a feature which may possibly have been produnced by
deformation.

There is no doubt that the Caballos novaculite is the equiv-
alent of the Arkansas novaculite of the western Ouachita
Mountaing of Arkansas. The Caballos novaculite is, how-
ever, thinner than the Arkansas novaeulite. Ulrich assigns
the Arkansas novaculite to the Oriskany or upper part of the
lower Devonian. I[ he is correct in this, the Caballos nova-
culite is the first and only Devonian formation to be discov-
ered in Texas.
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The White Novaculite. In deseribing more fully the char-
acteristics of the Caballos novaculite, comparison will be made
between it and the Arkansas novaculite. Specimens of the
latter were collected by the writer from several localities in
the viecinity of Hot Springs, Arkansas. In the following table
are given chemical analyscs of both the Arkansas and the
Caballos novaculites:

Comparative Table of Analyses of Caballos and 'Arkansas Novaculite,

Number 1 2751 2752 2753 2754
Silica (Si0) .. evvvvviivnn.. 99.45 97.32 97.80 97.00 96.80
Alumina (ALO;) ............ .26 .90 1.07 1.18 1.18
"Oxide of iron............... 1.70 .53 1.02 1.02
Lime (CaO)........ccvvinnn A2 119 .83 A1 Nl
Oxide of Sodium (Na,0)..... b4 .90 13 .70 .94
Sulphuric acid.............. .28 41 Rt .28
Loss on ignition............. .06 .06 02
Total » v veveeren i 100.62  102.39 101.20 101.55 101.09

No. 1 is of while novaculite, IIot Springs, Arkansas, from “Whet-
stones and the Novaculites of Arkansas”, by L. S. Grigswold, Ann. Rept.,
Geol. Surv, of Arkansas, Vol. T1I, 1892.

Nog. 2751 to 2754 are of white novaculite one mile south of Warwick
Siding, Brewster County, Texas, and were made in the laboratory of
the Bureau of Economic Geology and Technology, by J. E. Stullken.

No. 2751 was pure snow white, rather coarse-grained, with small
quartz crystals lining small cavities, and rather porous. Resembles
the “soft Arkansas” grade.

No, 2752 was fine-grained and semi-translucent, resembling the “hard
Arkansas” grade.

No, 2753 was fine-grained and translucent, with small brown spots,
perhaps of manganese dioxide, and resembled the “hard Arkansas”
grade, .

No. 2754 wag snow white to semi-translucent, fine-grained, with re-
semblances especially to the “hard Arkansas” although also some-
what resembling ‘“‘soft Arkansas.”

All specimens of Caballos novaculite available for the;
various investigations were from surface outecrops subject to
the influence of the weather. Just what effects weathering in
the arid climate may have had on these very fine-grained pre-
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dominant quartz rocks is not known, The Arkansas novaeculite
analyses appear to have been made from unweathered com-
mercial speeimens. _

Following exactly the methods used by Griswold and Wait
in determining the amounts of soluble silica in Arkansas
novaculite and described on pages 162 to 164 of the Annual
Report of the Geological Survey of Arkansas, Volume III,
1892, Mr. Stullken of this Bureau made tests the results of
which are given in the following table, in which the results
of the Arkansas tests are given for coniparison:

Table showing soluble silica found by digesting 0.5 gram in o

solution of 27.6% 20% 209%
potassium sodium sodium
carbonate hydroxide hydroxide

for 6 hours for 30 mins. for 3 mins.
Per cent. Per cent, Per cent.
Caballos No. 1........c.0vuuus. 2.00 5,20 2.76
Caballos No. 7. . .....cocivan... 2,40 5.72 3.20
Caballos No. 10....vovvininnn.. 2.52 7.04 2.64
White Arkansas. .............. 0.441
Gray Arkansas. . .............. 0.62
Black Arkansas. ............... 1.14
Red Arkansas. ................ 0.93
Fine Ouachita. ............... 0.43 3.56 1.63
‘White Ouachita. .............. 0.28|
Black Ouachita. . .............. 0.54
Mottled Ouachita, ............. 0.63
Hard Ouachita. ...... P 0.51
Quartzite. . ... ... e, 0.74
Quartz crystals. . .............. 1.47
Quartz crystals (2)............ 0.71

Only one test with sodium hydroxide is given in the Ar-
kansas Geological Survey report, which does not mention the
grade of novaculite used. Ordinary nodular cherts in sedi-
ments, generally regarded as of clearly secondary origin, con-
tain a larger proportion of soluble silica than do the Caballos
and Arkansas novaculites. Chemical analyses of both Ar-
kansas and Caballos novaculites support the mieroscopic
evidence that they are almost entirely made up of erystalline
quartz. It would be interesting to know whether bedded
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cherts in general, as distinguished from nodular and conere-
tionary cherts, contain as high a percentage of insoluble silica
as the novaculites. We do not seem to have sufficient data
to come to any definite conclusion in regard to this. The
analyses given above show that weathered specimens of Ca-
ballos novaculite contain less total percentage of silica and a
larger percentage of soluble silica than do unweathered speci-
mens of ecommercial Arkansas novaculite.

LEvery one of nine samples of different grades of Arkansas
novaculite, analyzed by the Geological Survey of Arkansas,
hag over ninetymine per cent. of silica, and in faet, has as
large a percentage of gilica as erystalline quartz or the general
run of purer grades of chert. In fact, from analyses alone, no
distinetion ean be drawn between novaculite, quartz, and
chert.  Omne striking fact brought out by all analyses of Ar-
kansas and Caballos novaculite, is the very small amount of
water present which shows that they contain very little
hydrous silica. The greater percentages of iron oxide in the
analyses of the Caballos novaculite is due to some extent at
least to weathering and lack ol leaching. The higher per-
centage of lime in the Caballos novaculite is explained by the
arid climate in which lime is not dissolved as rapidly as in a
humid climate.

There is a general difference in physical appearance, how-
ever, between cherts and novaculites, although this dilference
is not a constant one. The lustre of chert is either earthy or
vitreous, while that of novaculite is dull-resinous or waxy;
chert seems to have a smooth surface looking as if it were
glazed when the specimen has a vitreous lustre, while the
surface of novaculite appears minutely rough.*

All of the Caballos novaculite yet scen resembles the grades
of Arkansas novaculite known commercially as the ‘‘hard”’
and “‘roft’’ Arkansas, and the ‘‘fine’” Waghita. The coarser
‘Washita grade has not yet been found. The Caballos novacu-
lite can be broadly grouped in four varicties. The first
variety is very light blue or blue-gray in color and is the

*Griswold, Geological Survey of Ark., Ann, Rept., 1892, Vol. TII p. 162,
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most translucent, always having, however, a clouded or hazy
appearance. This variety is sometimes darker gray, in which
case the darker shade is caused by thin films of oxide of man-
ganese on joint cracks or by minute dark specks scattered
through the rock, probably also of oxide of manganese. This
first varicty shows no structure, even under the most powerful
hand lens. Tt has a close resemblance to the ‘‘extra hard’’ and
“‘hard’’ Arkansas stone,

The second variety is milky-white, semi-translucent on
thin edges only, has the most perfect conchoidal fracture,
shows finely granular structure under a powerful hand lens,
and has the appearance of unglazed porcelain. This resembles
the ““soft’’ Arkansas stone.

The third variety exhibits characters intermediate betwcen
the first and second. It is very finely granular, bluish-white
in color, and much resemhles milky quartz of very fine grain,
but its lustre is dull and not vitreous as in quartz. This third
varicty scems to most nearly resemble the ordinary run of
the ““hard’’ Arkansas stone.

The fourth variety is gencrally spotted and is apt to be
darker in color. It is apparently rare and resembles ordinary
flint or chert,

The numerous joint planes in the Caballos novaculite are
coated with thin seams of brownish-red iron oxide or of black
oxide of manganese. Some weathered surfaces of the novacu-
lite show a glazed or wax-like appearance. Crystalline quartz
is often found on joint planes, as thin veins, often hardly
thicker than a sheet of paper, and aggregated in small spots or
‘““eyes.”” One specimen of the first variety, of darker gray
color, was firmly welded to black siliceous shale, and both
shale and novacnlite were traversed by a thin vein of vitreous
vellowish chert.

Under the microscope some speeimens of Caballos novacu-
lite are fully as fine and uniformly grained as any of the
Arkansas commercial novaculites. Both appear to be entirely
composed of quartz and both exhibit occasional, sparsely dis-
tributed, single fragments of quartz. Other specimens of
Caballos novaculite exhibit a very uneven texture with the
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coarser grains often bunched together with some of the grains
producing undulatory extinetion or with a finely fibrous ap-
pearance. These knots or aggregates were originally radio-
larians, but now their original structure has been partly de-
stroyed by subsequent metamorphism. A gspecimen of the
non-commercial Arkangag novaculite exhibits the same spotted
and knotted appearance under the microscope.

The microscopic study shows that the Caballos novaculite
i mainly or altogether a holocrystalline aggregate of inter-
locking granules of quartz, forming a very fine-grained mosaie.
The rock was probably originally made up of amorphous
silica which hag reached its present form by a process of crys-
tallization analogous to that of the devitrification of ex-
trusive igneous rocks. The finer and more uniform-grained
commereial varieties were cither originally a pure siliceous
ooze or else a radiolarian chert in which all evidence of Radio-
laria has been removed by subsequent metamorphism (reerys-
tallization).

The Vari-colored Cherts. Two members of thin-bedded
and ribboned chert, with layers of almost every conceivable
color but of dull shades, predominatly light green, overlie the
Caballos novaculite members. At the top of the lower mem-
ber the chert becomes thinner-bedded and splintered, with a
fine-grained textiure, and gradually loses its vitreous lustre.
The lower chert member has been named the Santiago chert
from a locality at the east base of the Santiago Range east
of the range’s summit, where it was first seen. A stadia
measurement in one of the anticlines south of Pefia Colorado
Creek, about half way between old Fort Pefia and the mouth
of the creek, gave the lower chert member a thickness of 450
feet. In places, however. the formation is very much thinner,
having been in large part removed by erosion before the de-
position of the overlying Pennsylvanian formations.

Microgeopic cxamination reveals the faet that the 'vawri-
colored chert is, in structure, much like the nneven-textured
varicties of the white novaculite. In the vari-colored chert
the knots of coarser quartz grainsg are circular or sub-circular.
Kach knot is a single radiolarian, larecr than the radiolarians
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of the white novaculite. Photomicrographs of vari-colored
chert radiolarians are given in Plate II. In the slides exam-
ined, the radiolarian remains make up from less than ten to
nearly fifty per cent. of the rock.

Since the Caballos is entirely a chert formation and pure
siliceous oozes containing radiolarians are known to form
only in the deep sea, it is most probable that it is a true
pelagic formation.

ANTHRACOLITIC
PENNSYLVANIAN
Tesnus Formation

The Tesnus formation unconformably overlies the Caballos
novaculite. The lower part of the Tesnus has been called
the Rough Creek shale member, of hard, compact, brittle,
dark green, occasionally black shale, 865 feet thieck. This
shale is named from Rough Creek, a tributary of San Fran-
cisco Creek, and the type locality is along the lower course of
that creek in the southeast portion of the Marathon basin.
There is considerable black, dull hornstone in the Rough
Creek shale member. )

The upper part of the Tesnus is sandstone, shale, dark dull
hornstone, and a few thin lenticular layers of conglomerate.
The sandstones are soft to highly indurated, thin-bedded to
massive, in color predominantly dark dirty green -or rusty
brown, but sometimes white. The shales are dark dirty green
or black, in some layers carbonaceous, and well-laminated
when more clayey, roughly jointed when more sandy. Dense,
dull-lustred hornstone occurs in thin layers and is prevailingly
black or brownish-black in color. The conglomerate is made
up of subangular, angular, and rounded fragments derived
from the older formations of the region, predominantly of
cherts from the Santiago, Caballos and Maravillas cherts. The
only fossils found in the Tesnus are remains of land plants,
prineipally Cealamites. A stadia measurement on the sonth-
east flank of the second anticline northeast of the mouth of
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Pefia Colorado Creek and on the southeast side of the creek
gave the Tesnus formation, including the Rough Creek shale
member, a thickness of 3,370 feet. The Tesnus formation
may possibly be, in part, the correlative of the Stanley shale
of the Ouachita Mountains of Arkangas and Oklahoma. The
type locality of the Tesnus formation is in the vicinity of
Tesnus station on the Southern Pacifiic Railroad.

The Tesnus weathers to a rather deep reddish-brown color,
which is very characteristic and easily recognizable. At
Shiele’s ranch, near where the Southern Pacific Railroad
passes out of the Marathon basin on the east side, are light
gray, fine-grained, micaceous sandstones with blue-black
shales. In the northeast part of the Marathon basin thin
beds of chocolate-colored compact shale are found with the
Tesnus quartzitic sandstones.

Some thin layers in the greenish lower Tesnus shales have
cone-in-cone concretionary structure. In the heart of the
anticline, between the junction of Rough and San Francisco
Creeks, the lower beds of the Tesnus have been considerably
disturbed and crumpled by pressure. The fine-grained, dirty
green, micaceous sandstoncs have become figsile, knotted, and
gnarled; the shales are still shales, but are much disturbed
and crumpled. Secondary quartz and calcite seams have been
developed in the dark, dirty green, blue-gray and blue-black
shales, as wcll as in the sandstone. The sandstone algso has
cone-in-cone structure. Some brownish-black breccia of
angular chert is found here. It also contains in its lower part
some thin bands of hard, dense, compact and fine-grained dark
green and blue-black hornstone, almost chert-like in its frac-
ture. The formation contains massive as well ag thin-bedded
sandstone. Locally there is a rather finc-grained, almost pure
sandstone of transparent quartz, cemented with quartz,
locally to a quartzite, but perhaps on the whole, more of a
sandstone than a quartzite. It is stained on exposed surfaces
with' Indian red hematite.

In the core of the anticline on Rough Creek from [our to
six miles above its mouth is exposed mueh erumpled Rough
Creek green shale stained heavily with iron oxide and wad.
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Near the outer border of the ecrumpled shale zone is a thin
layer of flax-seed rock which may have been originally gar-
netiferous. Next is a 10-foot bed of hard whitish and blue-
black chert, fractured into small angunlar and whitish particles
and cemented with a matrix of darker color. Cracks and
small cavities are coated with small quartz crystals. This
fractured chert also contains considerable fine pyrite. This
chert grades up into interbedded hornstone and shale, pre-
dominantly black and green in color (Plate II). The horn-
stone carries considerable small rounded masses of pyrite, alse
thin bands of waterworn fine-grained quartz conglomerate,
The shales are micaceous. Small seams of quartz continue and
some crumpled and much smashed layers transgress bedding
planes. The only material that can be called slate is a dense
blue-black finc-grained claystone occurring in thin beds aver-
aging about 2 inches in thickness. Minor faults, crumpled
beds, and slickensides are common. Thin quartz stringers with
comb structure are also common. There is notable jointing,
particularly in diamond pattern, but slaty cleavage is not de-
veloped. The Rough Creck shale appears to grade up into the
Tesnus proper.

Hornstone, bluish-black sandstone, shaly and finely arena-
ceous light gray shales, stained on the surface various shades
of pink, red, and brown, overlie older Paleozoic rocks at the
edge of the foothills N 10°-15° B of the summit of the San-
tiago .Range. These belong to the Rough Creck shale member.

The Tesnus formation is distributed around the northeast,
east, southeast, south, and southwest marging of the Marathon
Bagin outside of the area of the older Paleozoic rocks, and it
also outerops in the svnelinal areas between the anticlines of
the older rocks. In the heart of the anticline in the Santiago
Range at Persimmon Gap, the Tesnus forms a small elliptical
area about two miles in length, mostly north of the road
through the Gap and to the east of the crest of the range.
About one-half mile north is another narrow exposure about
one-half mile in length.

The Tesnus formation has marine Tossils in the northwestern
pari of the Marathon basin, where ils exposures lic between
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the older Palcozoic wocks, and the Permo-Carboniferous. Its
contaet on the southeast with the early Paleozoic strata is
everywhere that of an overthrust, the Dugout strata being
overturned at the contact. Along the southern edge of the
outerop, alluvial covering hides the relationships with other
formations. Iossils found in limestone layers in the Tesnus
belong to the Coal Measures portion of the Pennsylvanian.
The Tesnus strata were folded at the same time as the first
recognized folding of the older Paleozoic strata. The older
strata were overthrust from the southeast on the Tesnus
strata, the latter being compressed into sharp, often over-
turned folds. The structure in the northwestern portion of
the Marathon basin is similar to that of the Tesnus in the
southeast portion of the basin. In both places there are a
number of consecutive folds in which is exposed only a single
formation.

In the northwest, the formation consists mainly of thin
beds of hard, rusty, brown, medium-grained sandstone inter-
bedded with olive-green and blue-black arenaceous shales, with
a few thin beds of brown conglomeratic limestone which some-
times contains fossils. In the anticline on the Hargis ranch
just south of the Southern Pacific track (mile post 580),
three miles west of Marathon, there are many fragments of
Santiago chert in the conglomeratic limestone. There are also
small quartz pebbles and small masses of light green clay in
the limestone. The thickness of the formation here was not
determinable, since nowhere was either its base or its top
seen. The formation appears to be hundreds or even thou-
sands of feet in thickness.

The follewing fossils were collected in the beds exposed
from the vicinity of the Dugout creek at Payne’s ranch west-
ward to the Permo-Carboniferous contact:

Fusulina “eylindrica” Composita subtilita
Lophophyllum profundum Ambocoelia planoconvexa
Campophyllum torquium Fenestella shumardi ?
Crinoid stems, large and small Fenestelloid bryozoans,
Archaeocidaris agassizi Spirifer cameratus
Archaeocidaris, 2 species Spiriferina ?

Polypora submarginata Meekella striatacostata 2
Marginifera lasallensis. Productus corae
Marginifera splendens? Productus punctatus ?

Diclasma bovidens Productus nebrascensis ?
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The following fossils were collected in the vieinity of the
drilling for oil on Wedin’s ranch, northwest of Marathon:

Fusulina “cylindrica” Marginifera splendens

Crinoid stems, large and small Enteletes hemiplicatus :
Lophophyllum profundum Squamularia perplexa
Archaeocidaris sp. Productus cora

Synocladia biserialis Spirifer cameratus

Fenestelloid bryozoans Spirifer texanus Meek

Chonetes granulifer Conocardium 8p.

Bellerophon sp.
(8pirifer texanus is abundant in the Canyon and Cisco formations of
north-central Texas).

The following fossils were collected near the axis of the
anticline on the Hargis ranch, 3 miles west of Marathon, south
of mile post 580 on the Southern Pacific:

Fusulina “cylindrica” Composita subtilita
Crinoid stems, large and small Chionetes granulifer
Campophyllum or Lophophyllum gp, Derbya sp.

Pachypore sp. Productus, 2 or 3 specles

Spirifer cameratus
Dimple Formation

The Dimple formation was named by Udden from the
Dimple Hills in the northeastern part of the Marathon basgin.
The Dimple consists of alternating beds of dark gray lime-
stones, black chert and black shales, with a few beds of chert
conglomerate. The limestones carry a few marine fossils of
Penngylvanian age, the exact horizon of the Pennsylvanian
represented being not yet known. A stadia measurement of
the formation in the gap of San Francisco Creek followed
by the Southern Pacific Railroad between Warwick and Huay-
mond stations gave a thickness of 925 feet. The Dimple over-
les the Tesnus, apparently conformably.

The formation is exposed one and one-half miles south of
Marathon, where the dip is about 70° 8. 55° E. Here the
formation varies in composition and texture from very com-
pact, dense and fine-grained blue-gray limestone, through a
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rather coarse calcareous and quartzose sandstone carrying
small bluish-green angular grains, perhaps of glaunconite, to a
rather coarse angular chert conglomerate with a coarse
quartzose sand matrix. Layers of chert are interbedded with
the limestone. The following fossils were collected in the
limestone:

Chonetes sp. Spirifer sp.
Productus sp. Campophyllum torquinm
Derbyu or Orthotetes sp. Coralg and bryozoa

Derbya cf. crassa

An overturned or possibly doubled section of Dimple along
San Francisco Creek one and one-fourth miles west of Hay-
mond station consists of blue-gray compact limestone, fine-
grained brownish-black banded shale, and blue-black chert
with conglomerate and breccia beds of chert from the older
formations, particularly Caballos mnovaculite and Santiago
chert., All of the above are interbedded. The limestone layers
range in thickness from an inch up to two feet or more, the
shales from less than an inch to several feet, and the bedded
cherts from a fraction of an inech up to several inches. Some
of the limestone layers have small rounded pebbles of chert.
The chert bands are more common towards the top. The
limestones carry a small fauna of diminutive forms of sponges,
bryozoans, brachiopods, corals and erinoid stems.

The blue-gray Dimple limestone is generally quite cherty
and locally grades into a calcareous quartzite. Beds of a re-
markable chert breecia are rather frequent in the Dimple.
The angular or subangular fragments of chert range up to
more than an inch in size and are white, green, black, and
brown in eolor. The matrix of the breceia is also chert and
the rock fractures across the fragments.

The Dimple formation usually outerops in sharply-contoured
strike ridges generally along the axes or flanks of anticlines.
Its outerops are most numerous in the eastern half of the
Marathon basin.
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Haymond Formation

The strata referred to the Haymond formation were secn
only in the eastern part of the Marathon basin in a region
extending from the Dimple Hills southward to the head of
Rough Creek. The main outcrops lie in the synclinal areas
north of Haymond station. The formation consists of sand-
stones and shales similar to those of the Tesnus. The maxi-
mum thickness seen did not exceed 500 feet. The Haymond
overlies the Dimple in the synclinal areas.

There is some doubt whether the Haymond is not really a
part of the Tesnus formation overthrust over the Dimple
formation. But as no proof of suech overthrusting could be
found, it is here named a separate formation. Later work has
thrown a little more light on the problem, but conclusive ¢vi-
dence is not yet at hand. At the locality where the long
strike ridge of the Dimple formation iIs crossed by the Mara-
thon-Sanderson road north of Haymond Station, the Dimple
formation is flanked on both sides by some thin brown lime-
stones interbedded with the sandstones and shales of the
usual Tesnus facies. These limestones carry many small an-
gular fragments of green chert which average about 1/8 inch
in size, and also a few small fogsils. The fossiliferous lime-
stonc at the southeast base of the strike ridge was also en-
countered just south of the Marathon-Haymond road about
five miles south-southwest of the Marathon-Sanderson road.
It may possibly be found that the strike ridge of the Dimple
formation here is in reality the trough of a syncline instead
of the flank of a fold, as first interpreted. If this proves to be
the case, the strata referred here to the Haymond are in real-
ity Tesnus.

The Mid-Pennsylvanian Diastrophism (Plate IIT)

The region of the Marathon Basin was next folded into a
mountain range. The diastrophism producing the folding was
very intense, the roeks being overthrust from the southeast
toward the northwest so that isoclinal folds overturned
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toward the northwest and overthrust faults were developed.
The longer axes of the folds trend northeast-southwest. Four
anticlinoria of pre-Pennsylvanian strata were developed be-
tween synclinoria of Pennsylvanian strata. As we view the
region today, the greatest amount of uplift seems to have
taken place in the center of the basin, where the oldest rocks
arc now exposed, but this may be partly or wholly the effect
of a muech later doming. The folds again appear 35 miles to
the southwest in the domical uplift of the Solitario, north of
Terlingua, and it is probable that they underlie the inter-
vening region. The full extent of the folded area is unknown,
for it is covered on all sides by later strata. The fortuitous
circumstances of later mountain-making movements and sub-
sequent erosion have uncovered the old mountain range only
in the Marathon Basin and the Solitario.

The details of structure cannot be given until far more de-
tailed work, bascd on a large-scale topographic map, has been
accomplished. The scale of the map accompanying this report
is much too small to permit the areal delimitation of the roek
formations or of structural details. Only enough work has
vet been accomplished to make apparent the main structural
facts, the stratigraphic succession of the rock formations, and
a rather general idea of the areal distribution of the forma-
tions. The more resistant rocks are well exposed in the higher
areas, but the less resistant rocks ocecupying the lower areas
are often covered with a mantle of alluvium, which, though
generally thin, is yet thick enough to entirely hide the bed-
rock in many places.

Many local complexities of folding occur within the main
structural features. The more consolidated rocks exhibit
much fracturing and slickensiding, many abrupt changes in
strike and dip, and mueh buckling. In the cherts, extensive
jointing, locally approaching true cleavage, is developed at
right angles to, and almost as well as, the bedding, Often the
cherts have been shattered into breccia the fragments of whieh
have been re-cemented by silica. The shales are almost every-
where intensely crumpled into minor folds. There is great
development of veins of quartz, calcite, iron oxide, and man-
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ganese oxide along planes of jointing and displacement. Many
of these veins are scarcely thicker than a sheet of paper.

The overfolds are developed on the northwest limbs of over-
turned anticlines. The general dip is southeastward, almost
everywhere at high angles. The only anticlines not over-
turned were noted in the Pefia Colorado sub-range, extending
northeast from the mouth of the Pefla Colorado Creek, in the
Tesnus formation on the northwest and southeast sides of the
basin, and in the Tesnus formation in the vicinity of mile post
580 on the Southern Pacific Railroad, three miles west of
Marathon. Several overturned anticlines and synclines in
which are exposed only the thick strata of the Tesnus forma-
tion occur on the eastern, southcastern, and northeastern
sides of the Marathon basin. At the southeast corner of the
basin, folds in Tesnus strata are closely pressed, with dips
along the axes ranging up to the vertical, buf are not over-
turned. But even where overturning or overthrusting of the
main folds does not oceur, single formations may exhibit complex
deformation, Thus the anticline just sontheast of the junction
of Pefia Colorado and Maravillas erceks is ag symmetrical and
has as low normal dips on its flanks as any in the region, and
vet on the northwestern flank the strata of the Maravillas
chert are intensely erumpled into minor folds with small over-
thrust faults.

The most extensive overthrust noted was along the north-
west base of the Pefia Colorado anticlinorial complex. This
overthrust fault runs for considerable distances both northeast
and southwest of the site of old Fort Pefia. A broad area of
lower country between the lower Garden Springs and the
Maravillas Gap is occupied by a complex anticlinorium of the
Marathon and Maravillas formation, which is repeated a
number of times, the entire anticlinorinm, exeept in its ex-
treme northwestern flank, being overturned to the northwest.
With this exception, the broad lower areas appear to be
synclinal or synelinorial.

Around the northeastern end of the large anticlinorium just
noted the Caballos novaculite plunges in a broad regular
anticline exhibiting none of the minor {olds of the underlving
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formations. Evidently there must have been much lateral
shearing between the Caballos novaculite and much more ex-
tensively crumpled lower formations. The latter also must
have slid extensively over lower-lying rocks of more compe-
tent structure.

A series of slip faults with displacements at right angles
to the strike wcere noted in the low hogback of Caballos
novaculite on the northwestern limb of the anticlinal ridge
next northeast of the one beginning at the junction of the
Pefia Colorado and Maravillas creeks. The locality is about
one mile northwest of Garden Springs. These faults have a
horizontal displacement of one hundred to two hundred fect.
Each is the site of a saddle or small valley crossing the hog-
back of Caballos novaculite, and forms a right angle offset
in the line of outerop.

Date of the Deformation. The Tesnus, which is the older
of the Pennsylvanian formations folded by the deformation,
is post-Pottsville in age. The folds were greatly eroded and
the region submerged again beneath the sea before the uncon-
formably overlying Gaptank formation was deposited. In the
basal beds of the Gaptank formation was found Chonetes
mesolobus, which Dr. G. H. Girty considers characteristic of
the lower portion of the Pennsylvanian Coal Measures of Kan-
sas. In the higher beds of the Gaptauk formation occurs an
abundant fauna of the same species of foraminifera, Bryozoa,
corals, brachiopods, gaslropods and pelecypods, as are found
in the Canyon and Cisco formations of north-central Texas,
and also an ammonite, Schistoceras cf. hyatti Smith, very sim-
ilar to Schistoceras hyatts Smith, oceurring in the Ciseco forma-
tion at Graham, Young County, Texas. The fauna of the
higher beds of the Gaptank is apparently of upper Penngyl-
vanian age, but that of the lower Gaptank may possibly be a
little older. It is therefore fairly certain that the folding
oceurred at sometime within the Coal Measures portion of the
Pennsylvanian. The deformation cannot yet be closely cor-
related with the Hereynian (post-Westphalian-pre-Stephanian)
diastrophism of central and southern Europe, but it falls
within the general Hercynian epoch.
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The Pennsylvanian epoch of folding in the Marathon basin
may be contemporaneous with or later than the folding and
faulting in the Central Mineral Region of Texas, which oe-
curred between Bend and Strawn times. It appears to be
older than the first epoch of Anthracolitic deformation in the
Arbuckle and Wichita mountains of Oklahoma, provided the
age of the Franks conglomerate i correctly assigned to the
early Pennsylvanian, It may very likely be contemporaneous
with the second epoch of deformation in these Oklahoma
ranges, which oeccurred in pre-Cisco time and furnished the
coarse sediments of the Cisco and Wichita formations in
southern Oklahoma and northern Texas. The structure of the
Marathon bagin area is the counterpart of that of the Ouachita
Mountains of cast-central Oklahoma and west-central Arkan-
sag and the axes of the folds on the southwestern margins
of the Ouachita Mountaing strike southwest toward the Mara-
than basiﬁ, and have the same strike as the folds in the Mara-
thon basin., The very thick series of lower Coal Measures
Pennsylvanian strata in the Arkansas Valley were also folded
at the same time as the Ouachita Mountains to the south. So
it seems very probable, though not yet perhaps absolutely
certain, that the deformation of the Marathon basin and the
Ouachita Mountains was contemporaneous. Whether a con-
tinuous folded mountain range once cxtended from Little
Roeck, Arkansas, southwestward to the Marathon basin, or
whether the two ranges now known only in the two widely-
geparated regions were distinct cannot be told, for between
the two lies a broad geosyneline (Llano Estacado geosyncline)
formed of younger rocks deformed at a later date which en-
tirely hide from view the older Paleozoiec. The oldest
Paleozoic rocks outeropping in the intermediate area belong
to the Strawn formation, which was deposited later than the
folding, but the exact age of which is yet unknown, although
it is regarded as Penngylvanian of a date later than the Potts-
ville. The late Paleozoic folding of the Appalachian Moun-
tains of the castern United States, if correctly dated, is later
than the folding of the Marathon Basin and Ouachita Moun-
tains regions.
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Events of the Lale Pennsylvanian and Early Permion

An extensive epoch of erosion followed the Hercynian moun-
tain-making epoch. Then came a resubmergence bencath the
waters of the sea, dming which the Gaptank formation of the
late Pennsylvanian was deposited. Again the sca withdrew
from the region, sub-aerial erosion followed, and a resubmer-
gence brought about the deposition of some 8,000 feet of Permo-
Carboniferous scdiments. This epoch of marine deposition
was twice interrupted by uplift which brought about renewed
erosion, as is indicated by two unconformities and basal con-
glomerates in the Permo-carboniferons series.

Post-Permo-Carboniferous Folding

The region of the Glass Mountains was gently folded at some
time after the deposition of the Permo-Carboniferous strata.
The date of folding was pre-Comanchean Cretaceous. It may
have oceurred at the same time that the Llano Estacado geo-
syneline was formed. The latter occurred at some {ime before
the Upper Triassic (Keuper).

MESOZOIC
EARLY MESOZOIC KROSION

There is a gap in the sedimentary record of the Front Range
region belween the Permo-Carboniferous and the Comanchean
Cretaceous, A great amount of erosion was accomplished in this
interval for the basal sediments of the Comanchean rest every-
where (exeept at Altuda Mountain) on a rather even surface
cut on the older vocks. The upper Comanchean rests uncon-
formably on the upper Hucco (Pennsylvania) limestone in the
region north of the Davis Mountains at the northwestern corner
of the area mapped. TIn the Glass Mountaing the Fredericks-
bureg Comanchean rests on different formations of the Permo-
Carboniferons and to the east on the Gaptank and Tesnus for-
mations. Farther south in the Marathon basin region the Trin-
ity Comanchean rests on all the older Paleozoic formations. The
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Permo-Carboniferous Vidrie formation appears o have been
an island when the Fredericksburg sea first advaneed over that
region but later became entirely covered with Comanchean sedi-
ments.

CRETACEOUS
Comanchean Oretaceous

The Comanchean sea gradually advaneced northward, the old-
est Comanchean sediments being found at the south. Dasal
Comaunchean beds of Trinily age rest on the bevelled edges of
the closely folded Tesnus formation al Persimmon Gap in the
Santiago Range. The basal Comanchean beds in the Glass
Mountains belong to the Fredericksburg division, At the next
place to the northward where basal Comanchean strata are ex-
posed in the region of the Davis Mountains, they belong to the
Washita division, or if older Comanchean beds oceur they are
very thin and are covered by later deposits.

The limestones of the Fredericksburg and Washita thicken
greatly and gradually become more massive [rom 1the Davis Moun-
tains southwaid to the Rio Grande. Strala of the Fredericks-
burg division do not scem to have been deposited mueh farther
north than the Glass Mountains. In the reglon between Mt.
Ord and a line an unkuown distance south of Santiago Peak the
Decl Rio clay overlies the Edwards limestone. Southward in the
Sicrra del Caimen and along the Rio Grande, the heavy lime-
stone becomes 2,000 feet in thickness and probably ineludes most
of both the Fredericksbure and Washita divisions, and the Del
Rio clay has an irregular development,

The basal beds of the Comanchean resting on the older for-
mations in the Marathon basin region are sometimes, but not
always, conglemeratic,  Around the cast margin of the basin a
member of huff, resistant. medium-grained, well-indurated and
much jointed sandstone, 40 feet in thickness, i very persistent.
On Cedar Mountain this sandstonc is underlain by 215 feet of
limestone and marls and overlain by 130 feet of massive white
chalky limestone. There is here no basal conglomerate, marly
limestone beds rvesting directly nupon bevelled cdges of steentv
tilted Dimple formation,
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In a low anticline of Comanchean at the southeaslern corner
of the Marathon basin the basal Comanchcan consists of arena-
ceous light buff limestone, weathering gray, interbedded with
yellowish-buff marl, and in the upper third, cross-bedded me-
dium-grained soft buff sandstone with sugary texture. This
is suceceded above by the massive Edwards limestone facies, very
cherty and coniaining many ecrystals of fibrous calcite. The
chert, which is generally iron-stained on the exterior, contains
impressions of Radiolites, Caprina and Turritella.

A short distance north-northwest of Persimmon Gap the basal
Comanchean is a hard, reddish-brown conglomerate of water-
worn pebbles and boulders ranging up to eight inches in dian-
cter.  The basal beds of yellowish-brown rough limestone and
marl overlying the Tesnus at Persimmon Gap contain upper
Trinity fossils (Orbiluling ltexana, efc.).

The Comanchean fringing the Marathon basin on the west is
broadly divisible in three mapable units. At the base is a
white or buff chalky limestone with locally a bhasal conglomer-
ate, some calearcous sandstone and then mainly a rather mas-
sive limestone with a characleristic blue-gray weathered surface.
The top of this is of Georgetown age. Above is yellowish marly
clay with thin flagey beds of limestone, not more than 100 feet
thick, forming low mounds or mesas of a tawny yellow color.

At the base of the lava escarpment southeast of Mt. Ord a
" white chalky limestone about 50 feet thick overlics the yellowish
marly elay and probably represents the Buda horizon.

The base of the Comanchean west of Altuda Mountain is a
limestone conglomerate made up of fragments up to six inches
in size of the underlying Permo-Carboniferous with a limestone
matrix which renders the conglomerate difficultly distinguish-
able from the Permo-Carboniferous limestones,

The basal Comanchean beds in the northwest corner of the
area mapped (sonith of a point between Boracho and Plateaun
section houses on the Texas and Pacific Railway) arc of econ-
glomeratic sandstone with pebbles of sandstone and chert of
various colors, well-rounded and ranging up to two inches in
size, with a brownish to reddish matrix, prevailing dark red in
color, micaccous, and fine to eoarse-grained, with a maximum
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thickness of 100 fect. This overlics some 300 feet of bluish,
breceiated, and cherty limestone, which is probably upper
Hueco. '

At the Seven Mile mesa northeast of Fort Stockion is the
following section of Georgetown strata:

Thickness
Top. in feet.
1. Heavy, chalky limestone ..........ccovriiininiivannnn. 50

2, Limestone and marls, containing the following fossils
identified by Dr. Emil Bose:

Schloenbachia Trinodosa Gryphaea novia
Schloenbachia aff. acutocarinats Cardium mulbistriatum
Schioenbachia sp. Gryphaea pitcheri wvar
Tylostoma chihuahuaense tucumearti -
Vola indet, 2 species ..., 90-100

3. More resistant, thin-bedded buff limestone............ 10

4. Thin-bedded, gnarly limestone above with thin-bedded,
brown, sandy, ferrugincus {agstecne below............ 120

5, Lower beds, covered by debris........ ..o, 60

The following fossils werc collected from marly beds at the
Comanche Spring at Fort Stockton by Mr. W. F. Henninger and
were identified by Dr. E, Bose:

Erogyra texana Trigonia sp.

HBxogyrae s$p. nov ? Cale subalping

Fxogyra sp. Lama wacoensis

Enallaster texanus f Pholadomya sp.

Engonoceras sp. Volu irregularis
Limag sp.

This horizon is the lowest part of the Georgetown. The fol-
lowing Georgetown fossils were collected in the middle of See.
3, Block 114, Pecos County, and identified by Dr. Bdse:

Schioenbachia of nodosa group Gryphaea pitcherd
HEpiaster elegans Vola sp.
Alectryonia marcont Tapes ?

A total of 980 feet of Comanchean strata oceurs between the
top of the northwestern part of the Twelve Mile Mesa, south-
west of Fort Stockton, and the bottom of the Davenport Land
and Irrigation Associates well at Belding station on the Kan-
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sas City, Mexico and Orient Railway. The section is as fol-
lows:

Thickness
Top in feet.
1. Heavy chalky limesione ......covvinniiiiiiinnn. 80

2, Marly limestones, with following Georgetown fossils,
identified by Dr. Bose, at top:

Kngena wacoensts

Diplopodia cf. texanum

PYring DOTTYE oo e it e e e e 190-220

3. Brown layer at top, mostly light buff or cream-cclored
thin-bedded limestone in the middle, and medium-grained
brown ferruginous sandstone at base...... ..o, 140
The log of the well at Belding follows. Ilevation at the well
is about 250 feet below the brown ferruginous sandstone. (No.
3 of above section).
6 rt. alluvial goil
37 Ii. light yellow clay
2 ft. gravel
15 ft. hard blue limestone
8 ft. yellow clay with small gravel
6 ft. hard limestone
13 ft. light pink clay with gravel
24 ft. no data
234 ft. lime conglomerate.
414 ft. gravel.
2 ft. limestone

35 {f{. no data
Clay and gravel at 215 ft.

46 ft. sofi and hard limegtone in altermate strata from six inches
to two feet thick. The hard limestone ig like flint and
soft limeslone is like ghale.

8 ft. yellow limegtone

16 ft. hard blue limestone
3 ft. clay

6 fl. yellow sandstone

38 ft. light gray limestone
7 ft. blue sandsicne

14 ft. blue limestone and yellow sandstone

36 tt. white and yellow sandstone in alternating strata from
six inches to two feet thick.

4 ft. white limestone
53 ft. shale, sandstone, clay, and limestone
11 ft. very hard sandstone
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The hogback just south of the Texas and Pacific Railway from
Kent westward to beyond Boracho section house is capped with
a thin bed of whitish limestone, underlain by yellowish and
buff marly beds. In the strata from the base to the top of the
escarpment, just south of Kent, the following fossils were col-
lected by Dr. Bose, and the writer, and identified by the

former:

1. Lower strata (lower Georgetown):

Schloenbachia burkhardii
Schloenbachia rostrata
Schloenbachia cf. nodosa
Schivenbachiw sp. nov.
Schloenbachia sp.
Engonoceras 8p.
Nautilus sp.

Pyrina parryi

Pyrine sp. nov.
Enallaster texanus
Holectypus planatus

Epwster elegons
Lima wucoensis
Lima sp.

Vola subalping
Yola sp. wov.
Cardium multistriatum
Gryplacn pitchersy
Pholudomyu sp
Tupcs sp.
Tylostoma sp.
Cardita sp.

2, Middle Georgetown:
Schioenbachia trinodosa Bnallasier texanus?

Arca sp.

3. Upper strata (highest Georgetown):
Scehiloenbuachia trinodosa
Ostrea quadriplicaia

Enallaster bravoensis

Upper Cretaceous

The Upper Créta'ccous wag found only in the region underly-
ing the lavag in the Davis and Barilla mountains and in the syn-
cline between the mouths of the Maravillas and San Francisco
creeks. In the latter area only the Benton (Bagle Ford) thin
flagey limestone beds are found, overlying the Comanchean.
The base consists of 20 feet of yellowish-brown arenaccous lime-
stone, succeeded above by 80 feet of white chalky marls and ir-
regular-bedded knotted and marly limestone. At Hovey station,
on the Kansas City, Mexico and Orient Railroad, a well aban-
doned at a depth of 600 feet was in blue shale, probably Ben-
ton, The Benton also probably underlies the country in the
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vieinity of Alpine. A thin section of Benton was noted under-
lying the lava near the Bow MeCutehin ranch house. Here werd
characteristic blue-black hituminous shale interbedded with thin
layers of chalky limestone passing up into the Niobrara chalk.
The lava remmnants east of Brogada and Balmorhea are under-
lain by Benton or Pierre. According to Dr. J. A. Udden, the
Boquillag flags phase of the Benton, consisting of thin-bedded,
yellowish-brown, flaggy limeslones, overlies the Buda limestone
in the trough of the syncline south and southeast of San Mar-
tine station on the Texas and Pacifie Railroad. Typical Nio-
brara (Austin) chalk underlies the valley of Limpia Creek be-
tween the Davis and Barilla mountains, is exposed under the
lava in the heart of the main anticline of the Barilla Mountains,
and small exposures were noted at the X ranch al the mouth of
Adobe Canyon and at the mouth of the Litile Aguja Canyon.

The Pierre is found under the lava at Wild Rose Canyon and in
ithe vieinity of the MeCutceheon ranceh house in Limpia Canyon,
also in the valley of Limpia Creek between the Davis and Bar-
illa Mountains and in a number of localities underncath the lava
in the Barilla Mountaing. The Pierre strata arce greenish-gray
caleareous clays, weathering greenish-yellow and containing
Erogyre ponderose and other [fossils.

Late Cretaceons Diaslrophism

Sometime after the deposition of the Pierre formation and
before the outhreak of voleanic aetivity, the lower and upper
Crelaccons rocks were folded, {faulted and croded in the region
of the Daviy and Barilla mouniaing. The axes of deformation
were dirceted northwest-southeast. The Cretaceous rocks often
dip in direetions opposite (o the dips in the overlying voleanies,
the latter having been deformed at a much later date. The
voleanies rest unconfoimably at different places on all the Upper
Cretaceous roeks and on all the younger Comanchean Cretaceous
rocks of lhe Washita and Fredericksburg divisions, The later
Cretaceous diastrophism appears to have been confined 1o the
veeion of the Davis and Barilla mountains, only extending to
a few miles south of the line of the Kansas City, Mexico and
Orient Railway. In the Dclaware-Guadalnpe Range a broad nyp-
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lift may have occurred at the same time but there is no evidence
of folding and faulting.

The age of this deformation may be Laramide, but no definite
evidence of Liaramide diastrophism is yet certainly known south
of the latitude of Las Vegas, New Mexico. West of Lampazos,
in the State of Nuevo Leon, Mexico, in the Mesa de los Cartin-
Janos, Dr. Bose reports that the Upper Cretaceous, including
the Picrre, is strongly folded and uneonformably overlain by
flat-lying Navarro (Ripley or Fox IIills) sttata., The deforma-
tion in Nuevo Lieon is therefore older than Laramide. TIn the
Chisos country, according to Udden, there is apparently no un-
conformity belwcen the Picrre and overlying later Cretaceous
sediments. The same conditions of conformity are repowried
by Vaughan in the San Carlos coal ficld of the Tierra Vieja
mountains region farther west. Hast of the Chisos country and
at the cast base of the Sicrra del Carmen basaltic lava uncon-
formably overlies upper Comanchean strata. This implics the
erosion of all the upper Cretaccous before the outpouring i the
basalt. This basall may, however, be laler in age thuan the
other voleanic rocks of the region,

The Late Crelaceous—Early Teiliary Voleanic Epoch

The late Cretaceous folding and faulling in the Davis and
Barilla mountaing was followed by a long epoch of crosion dur-
ing which the entire F'ront Range region was a land area. Then
voleanie activity on a large seale began and covered the greater
part, if, indeed, not all, of the region with flows of lava. These
lava flows are found today in great development in the Davis
and Barilla mountaing, in the region westward from the Mt. Ord
Range to Sierra Blanca and southward [ar into Mexico. Small
remnants of voleanie 1ock northeast of the Barilla Mountains and
cast of the Santiago Rauge and Sierra del Carmen show that the
lava once coverced a mueh greater territory (han now. When the
voleanism began the region probably had both a wetter and
warmer elimate than al present for leaves of palms are found
in the basal voleanie tuffs in the Barilla Mountains, which tuffs
unconformably overlie clays of Pierre Cretaceous (Upson elay,
Taylor marls) age. Silicified logs of trees, some of which arve
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three feet in diameter, are found in a “‘fossil forest’’ which
grew on upper Comanchean limestone four to five miles north-
east of the Duncan ranch house, north of the Davis Mountains.
The epoch of erosion following the marine deposition of the
Pierre Cretaceous was a very long ong, sinee in most -places the
lavas rest upon upper Comanchean sirata. Nearly all of the
Upper Cretaceous rocks were removed by crosion during this in-
terval around the north and east sides of the Davis and Barilla
mountains, east of the Mt. Ord Range from Altuda Mountain
southward to Elephant Mountain, and east of the Sierra del
Carmen. The lavas rest on strata of Benton, Niobrara, and
Pierre Cretaceous age at various places in the Barilla Mountains,
between the Barilla and Davis Mounlains, in the vicinity of the
MeCutchin ranch houses in Limpia Canyon, betwecen Limpia
postoffice and Wild Rose Canyon, and east of the line of the
Kangas City, Mexico and Orient Railroad in the locality {rom
six to eight miles north of Strobel siding on the Southern Ta-
cific Railroad. Tt is probable that in the vicinity of Alpine the
lavas rest on the Benton Cretaceous, for a blue shale resembling
the Benton is reached in wells there.

The igneous rocks are mostly lavas but tuffs, tuff-breccias, tuff-
agglomerates, and tuff-conglomerates are interbedded with the
rhyolite lavas, and many intrusive rocks occur, very often in
places where no lavas are now found. Rhyolite lavas are especially
abundant in the Davis and Barilla Mountains. Near the mouth
of Madera Canyon the rhyolites and interbedded tuffs have a
thickness of at least 2,000 feet. Trachytes and phonolites ap-
pear to be the most abundant lavas in the region west of the Mt.
Ord Range where, however, are also rhyolites. Only basaltic
lavas are found in the region east of the Sierra del Carmen and
west of the canyon of the lower Maravillas Creek. In most,
but not all, places in the Davis and Barilla mountains, volecanic
activity began with explosions, beds of tuffs being first deposi-
ted. It is probable that these basal tuffs originally covered prac-
tically the entire territory, but in some places they were washed
away by erosion before the coming of the lava flows. These
tuffs often contain stream-transported pebbles of rocks older
than the lavas. The pebbles are generally small in the basal
tuffs. The basal tuffs seldom contain coarse fragmental or
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pyroclastic materials blown out of the voleanoes, but they often
contain fine lapilli, The basil tuffs are often finely laminated.
So far as known the basal tuffs contain less quantities of water-
transported pebbles than the tuffs higher up in the volecanie
gerics. They are whitish, buff, light grcen, pink, or blue in eolor.

The tuffs, tuff-breccias, tuff-agglomerates, and tuff-conglom-
erates higher up in the voleanic series contain more coarse
pyroclastic and water-transported conglomeratic material than

the bhasal tuffs. Some of the pebbles in the higher voleanie
" serics are six inches or more in diameter and were deposited
by streams in the intervals between lava flows. The damming
of drainage courses by the lava flows formed lakes in which
fresh-water limestones containing Planorbis and other fresh
water gastropods were deposited. A large amount of very
coarse pyroclastic material was noted along the middle course
of Madera Canyon in the Davis Mountains, in the vicinity of
Paisano Pass, and other localities.

The voleanoes or fissures from which flowed the great volumes
of rhyolitiec lavas have nowhere been found and in most cases
have probably been covered by later lavas or else the syenitie
plugs of later age may in some cases occupy the sites of the
older rhyolitic voleanoces. Dikes of rhyolitic facies occur in the
southern Davis Mountains and in the vicinity of Alpine and
Paisano Pass. TFelsitic lavas and obsidian are in somce places
interbedded with the rhyolites in the Davig and Barilla moun-
tains.

A syenitic plug has domed up the rhyolitic lavas at a point
a short distance west of the Alpine-Fort Davis road where it
enters Musquiz Canyon. The intrusive syenite forming the sum-
mit or Sawtooth Range of the Davis Mountains appears to be
along a line of volecanoes or of fissure eruptions. Iron Moun-
tain, north of Marathon, is a plug of sycnite-porphyry and sev-
eral dikes and sills, apophyses of this plug, ocecur north, east and
south of Iron Mountain. A plug-like mass of syenitic rock on
the north side of Altuda Mountain is responsible for a contact-
metamorphic deposit of hematite along the intrusive contact
with the Word Permo-Carboniferous limestone. A similar con-
tact metamorphic deposit of hematite occurs at the contact of
a syenitie intrusive with the Leonard Permo-Carboniferous lime-
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stone on the northeast side of Lieonard Mountain. Two laceolites
of sycnitic rock oceur in the Ord Mountain Range, west of Cap-
tain James’s raneh house. The eastern of these is a typical
laccolite, which has domed up the Leonard Permo-Carboniferous
formation. The western one has broken through the Permo-
Carboniferous and Comanchean more like a plug. The pulas-
kite of Santiago Peak and other mesas in the vicinity appears
to have formed a thick sill from the top of which the Crela-
eceous rocks have been removed by later erosion.

The basic rocks noted by the writer all occur east of the
Santiago Range and the Sicrra del Carmen. Between the latter
range and the canyon of the lower Maravillas ercek is a flow
of highly vesicular basalt. North of the basalt flow, in the re-
gion between the head of the canyon of the lower Maravillas
and the Marathen basin, are a considerable number of small in-
trusions of basic rocks, which were not examined by the author
but were mapped by Mr. W. F. Bowman. Some of these arc
certainly plugs.

Chemieal analyses made inelude thirty-cight analyses of
rocks made m the laboratory of the Burcau of Econonmice Geol-
ogy, three analyses made in the lahoratory of the United States
Geological Survey, and three analyses given by Osann and made
in the laboratory of Heidelberg University, Germany.* These
analyses show that all of the rocks of the region arve deficient in
magnesia, even including some of the more basie rocks. In all
hut nine of the analyses, seda is in exeess of potash.

Ogann- gives the order of the voleanie cruplivns as follows:
first, basalt; sccond, rhyolite; and third, itrachytes and phono-
lites. Ie found a hasalt low underlying the rhyolites in Limpia
Canyon near Fort Davis, The oldest lava found by the present
writer oceurred at the base of the syncline of voleanies north of
Limpia Canyon. This appcars to be an orthoclase-oligoclase
trachyte, with typical {rachytic girueture with alkali-calcie: Leld-
gspars (orthoclase predominant) and about one-eighth magne-
fite.  The amygdules ave lined with a green mineral finely fib-
tous, with fibres perpendicular to the walls, which is probably

~Beitrdge zur (Geologie und Pelrographie der Apache (Davis) Mtns.,
Wesl, Texas., Tschermak’s Min, und Petr. Mitihl,, vol. 15, pp. 394-455.
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chrysophrase. The basic rocks east of the Sierra del Carmen
and the Santiago Range are likely the oldest igneous rocks noted
by the writer, but their rclationships to other igneous rocks are
not known.

The fossil leaves found in the basal rhyolitic tuffs overlying
unconformably the Pierre Cretaceous in the Barilla Mountains
were submitied to Prof. K. W. Berry of Johns Hopkins Uni-
versity, who reports as follows:

“The most abundant leaves in the collection are those of
Oreodaphne pseudoguianensis Berry, o Wileox type. A few
forms, not so certainly identified, T have referred to Mespilodaph-
ne puryearensts Beiry, another Wileox {ype. The third form
identified with a previously deseribed form, is Juglans rugosa
Lesquereaux, a basal Focenc form of the Rocky Mountain re-
gion, ceeurring in the Raton and Denver furmations, and at
Fvansgton, Black Buttes, cte. The remainder include the very
abundant fragmen(s of a larec fan palm (Sabaliles), which T
hesitate to name speecifically, sinee they are almost impossible
to delermine with precision, and occur in this general region
throughout the late Upper Cretaccous, Hocene and Oligoeene.
The Barilla form, however, suggesis what Lesquereaux ealled
IMabellaria Eocenica from the Raton formation. There are, in
addition, two speeimens of whatl appears 1o be a new species
of Quercus and some fragments of a feather-veined palm of the
genus Geonomiles, also apparently new, but pos«ibly represented
i the reeent eollections from the Raton formation sinee T know
the genus is abundant there. Geonomiles (a different specics)
oceurs in the Upper Cretaccous of sonthwestern Texas and Is
espeeially characteristic of the Raton and Denver formations, in
which there are scveral specics.

“Thus you see your tufls appear to be of the same age as
those disputed horizons alone the Rocky Mountain front whieh
I would call Eocene but which you, judging by your remarks
on vertehrate hones, will probably consider Upper Cretaceous.
The Barilla tuffs appear to be rhyolitic while those of the Denver
ave chiefly andesitie, but I don’t suppose that makes any dif-
ferenee.  There is the additional possibility that they are con-
temporancous with the great ovogenie aclivity that marks the
boundary hetween the Tort Tnion and true Wasateh, sinee the
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Wilcox plants indicate a later horizon than the Raton. T shall
certainly call the planis Eocene if I describe them, as I may do,
later on.”’

In the Chisos couniry, Udden found voleanic tuffs in strata
of Navarro Upper Crctaccous age. In the Tierra Vieja Moun-
tains the rhyolitic lavas (quartz-pantellerite) rest on the San
Carlos ceoal series, which overlic Pierre strata. In Uvalde and
Travis counties, Texas, basalts and phonolites intrude Taylor
marls of Pierre age.

Physiographic Features Characteristic of the Arid Climate.

The two most striking physiographic facts presented by this
region are (1) that the structures produced by the latest defor-
mation determine in large part the present orography, and (2)
that a great amount of subaerial denudation has taken place
sinee the latest deformation.

The slow, almost imperceptible erosion of running water,
aided by the abrasive force of the rock fragments transported;
the action of gravity on steep slopes causing the rocks exposed
to slowly slump or roll down; the undermining of the more
vesistant cliff-forming rocks by the removal of less resistant
rocks beneath; the shattering caused by unequal expansion and
contraction of heterogenecus materials under comparatively
rapid changes of temperature working on bare rock surface of
an arid and high mountainous region; the joints, faults and min-
ute eracks already present in the rocks, caused by earth move-
ments, and permitting more rapid weathering and crosion; the
removal of finer clay particles by the almost incessant wind;
together with on the whole a relatively subordinate amount of
chemical decomposition: all have comhined their forces and
aided in fashioning form and feature of the landscape.

In the more humid regions chemical weathering, or decomposi-
tion is relatively of preat importance; in the desert decomposi-
{ion is relatively of little importance and mechanical weathering
or disintegration and corrosion are the great factors in rock
destruction. It is probable that for slopes of equal steepness
and equal amounts of water, transportation in the desert is
greater than in humid climates, because in the desert there is
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more disintegrated material ready for transportation, less plant
growth to inhibit or check wash, and more concentration and
erogion force to rainfall. Obscrvers familiar with both regions
would probably agree that therc is a greater amount of crosion
now taking place in the western and more arid half of the
United States than in the eastern and more humid half, bul the
general gradient of the land surlace is of course steeper in the
west than in the east.

There is also a greater amount of deposition taking place on
subacrial surfaces in the desert than in regions of humid climafe,
This is demonstrated by the greater importance of alluvial debris
fans in the desert. The causes of deposition of fan material,
which forins at places where sieep slopes give way to gentler ones,
are lowering of gradicent, distribution of the strcam water over
a larger surface, and evaporation and absorption of the water.
A larger proportion of the stream water i3 evaporated in the dry
atmosphere and absorbed by the dry soils of the desert; and
these are causes for the greater development of alluvial fans in
an arid climate.

The nature of the erosion is similar in this region to that in
the enclosed basin areas farther west, but the amount of deposi-
tion on the lower land surfaces in our region can by no mcans
compare with that of enclosed basin areas. For all our region
has exterior drainage to the sca, and much of the transporiced
malerial ig carried away by the Rio CGrande.

Alluvial fans are being dissceied here as they are in the Great
Bagin.® The ecauses of this have been noled by the writer in
a previous paper*® and will not be repeated here. But the
writer is now inclined cven more than formerly to attribute
the deep, stecp-sided trenches cut in unconsolidated debris fan
material 1o the work of cloudbursts, which are a common form

*For some of the causes ol this dissection not considered here see
Udden, J. A., Sketch of the Geology of the Chigos Country, Brewster
County, Texas. Bull. No. 93, Univ. of Texas, 1907, pp. 9-15.

*#*Noles on the Later Cenozoic History of the Mohave Desgert Region
in Southeaslern California. TUniv. of Cal. Publ., Bull. Dept. Geol.
Vol. 6, No. 15, 1911, pp. 373-377.
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of rainstorm in these arid regions. Coneerning the action of
cloudbursts, Gilbert in his Lake Bonneville monograph writes as
follows :

‘

l
“As in other desert regions, precipitation herc results only from

cyelonic disturbancé, either broad or local, is extremely irregular, and
is often violent. Sooner or later the ‘cloud-burst’ visits every tract, and
when it comes the local drainage-way discharges in a few hours more
water than is yielded to it by the ordinary precipitation of many
years. The deluge scours out a channel which is far too deep and
broad for ordinary needs and which centuries may not suffice to efface.
The abundance of these trenches, in various stages of obliteration, but
all manifestly unguited to the every day conditions of the country, has
naturally led many to believe that an age of excessive rainfall has
but just ceased—an opinion not rarely advanced by travellers in other
arid regions.”—Page 9.

The sun femperature in the dry atmosphere often becomes
very hol during the hours of midday, and rocks, especially the
darker-colored oncs, become quite hot. At night the rocks
rapidly lose by radiation the heat they have absorbed during
the day and strains arc set up in those composed of different
minerals with different co-efficients of expansion, which are
often sufficient to disrupt the other portions. Von Strecruwitz
tells of hearing rocks in this region burst at night with loud
reports.® A rock composed of homogencous material like lime-
stone, which is rather easily destroyed by chemical weathering in
a humid climate, here in the desert becomes one of the most
resistant rocks and forms topographic prominenees.

The finer products of weathering are either blown away by
the wind or washed away by the rain-water and the coarser
blocks are left where they have weathered or fallen and rolled.
These fragments of rocks, so hard as not to be easily worn away
by abrasion, so large that they eannot be transported either by
wind or water, or so resistant to decomposition that they nre nat
easily dissolved, form the ‘‘desert pavements’. Their surfaces
and the surfaccs of bare rock in cliffs are often coated with the

*Trans-Pecos Texas, 4th Ann, Rept. Geol. Surv. of Texas, 1893, pp.
143-146,
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“‘desert varnish’ of brown or black color, composed of man-
ganese and iron hydroxides.

The most abundant substance carried in solution in the waters
is carbonate of lime. The shallower underground waters carry-
ing this and other substances in solution are brought to or neav
the surface by capillary action, there evaporated and the mineral
matter carried deposited as a cement, binding together the rock
fragments. Thig cementing substance, mainly composed of catr-
bonate of lime, is called “*caliche’’) ““tepetate’, or ‘‘terra alba’’.

Cliffs arc often sharper in contour in the desert than in a.
more humid climate, but this sharpness is perhaps even moie
largely characteristic of certain kinds of rocks than of different
climatic eonditions. Lack of soil covering gives a rugged sur-
face to the highlands while the contours of the lowlands are
smoothed out by deposits of debris,

Physiographic Features Characterisiic of the Nature of the Rocks
I

Rive different types of rocks in this region weather into as
many different erosion forms. These five different types are
(1) the intrusive igncous; (2) the lava flows; (3) the pyroclastic
igneous (tuffs and coavser fragments produced by voleanic ex-
plosions) ; (4) the more resistant sedimentarics, comprising the
Palcozoie and Cretaccous limestones and the Caballos novaculite ;
and (5) the less resistant sedimentaries, comprising shales, clays,
gravels, sands, sandstones, marls, and the thinner-bedded cherts,
All these rocks, with the cxeeption of the limestones (which are
more resistant in arid elimates) are croded much the same under
any climatie condition.

It is not intended here to zive a general description of the’
weathering forms produced on these different classes such as may
be found in almost any textbook of geology but only of such
features as aid in explaining the physiography and male up the
more striking features of the landscape. The intrusive igneous
rocks, the lava flows, and the massive limestones and Caballos
novaculite are more resistant to weathering and erosion than the
other rocks and so form the topographic prominences.
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The intrusive igncous rocks weather with rounded eontours
and these contonrs are most rounded in those rocks which are
wholly madc up of erystal forms visible to the unaided eye. The
most coarsely crystalline rock in this region is found in a lac-
colith in the northern Mt. Ord Range some three miles west
of Capt. James’s ranch house, which weathers in rounded knobs
like a granite. The thick sill or laceolith forming Santiago Peak
is a porphyry with a finely ecrystalling groundmass, which
weathers with angular faces and sharp cdges much like a lava.
. The porphyritic syenites of Iron Mountain (Plate IV), and the
Sawtooth Range of the Davis Mountains weather in somewhat
more angular shapes than the laceolith west of Capt. James’s and
the Santiago Peak rock, but their crystals are intermediate in
size and degree of development between these two extremes.

The intrusive igneous rocks are much jointed, they weather
more rapidly along the joinis, and so form irregular-shaned
blocks resembling rude masonry. The perpendicular or nearly
perpendicular joints often give rise to precipitous cliffs.

In Tron Mountain, north of Marathon, two forms arc assumed
by the porphyritic syenite. The southern part of the mountain
is rounded in outline and shells off (exfoliates) in concentric
sheets. (Plate IVb). The northern part of the mountain has
more conspicnous perpendicular joints and the most congpicuous
weathering forms are pinnacles and spires, also present in Saw-
1ooth Mountain of the Sawtooth Range.

The porphyries with phenocrysts of sanidine and nepheline
weather with pitted surfaces. The pits weire once filled with
these more soluble minerals, which have been dissolved out.

The lavas weather with flatter faces and sharper edges than
the intrusive igneous rocks. The more massive and thicker flows
form escarpments of dark-eolored mim rocks, especially at the
edge of the Davis and Barilla Mountains, the country between
Alpine and Marfa, and at the edge of the lava flow from Mount
Ord southward to Elephant Mountain. The upper surfaces of
the lavas form mesas when they are horizontal or nearly so, and
cuestas when they are tilted. The scarps rimming the lava-
covered surfaces are formed in the same way as the ervosion
searps of the heavy-bedded limestones. The underlying tuf-
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faceous and fragmental voleanic material or underlying non-
resistant sedimentary rocks are more easily removed by the
action of running water and their removal removes the support
for the overlying lava which thereupon fractures along joint
cracks and falls or slumps down the steep slope. Many such
landslides or slumps are scen near the edges of the lava es-
carpments or along the walls of ecanyons, producing hummocky
surfaces and small undrained depressions on the gentler slopes
below the cliffs and often completely covering the underlying
rocks,

The soda-trachyte of Ilephant Mountain has columnar struc-
ture, produced by contractional cracking when the lava cooled,
and forms cliffs at its edges made up of long vertical, many-
sided eolumns. (Platc IVa).

Joints in the lava absorb most of the rainwater falling on the
flattish surfaces. Consequently few drainage channcls have
been cut through the lava mesas and more gently sloping cuestas.
By far the greatest amount of denudation in any region except
an absolutely rainless desert is accompligshed by running water.
So here the flatter surfaces of the original lava flows have per-
gisted throughout entire Cenozoic time and the broad flats of
the lava-covered regions remain today mmneh ag they were when
the lava first solidified.

The water absorbed by the lavas in the Davis Mountains region
seeps downward through the rocks until its further progress
downward is checked by non-porous beds. At the junctions of
the impervious rocks below and the porouns tuff bed which
generally uwnderlies the lowest lava flow the water accumu-
lates and escapes as springs al the edges of the lava escarp-
ment and where the canyons have eut as deep as the basal tuff
bed. So it is that the Davig Mountains rims and decper ecan-
yons have more springs than other portions of the region. These
spring waters are on the whole quite pure because little soluble
mineral matter can be dissolved hy the water in its passage
through the lavas and tuffs.

The process of gradual recession of the lava cliffs is slow
but the eliffs will always be steep until all of the lava is finally
removed by crosion. All of the country not protected by the
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lava capping can be reduced to a low and featureless plain while
steep lava cliffs remain, and the upper surfaces of the lava still
preserve their original flatness. So far as we know, the entire
region aside from the lava and limcstone mesas may have been
redueed to a peneplain before the last folding forming the
present mountains took plaec. Above such a flal and feature-
less peneplaned surface the lava and more resistant limestone
plateaus and mesas would still persist as monadnocks and rise in
steep escarpment eliffs above their peneplaned surroundings.
Such a lava surface can only be destroyed by the slow under-
mining of its rims, for wind abrasion plays only a subordinate
part even in a desert such as this. There is no erosion process
operating on the flat lava surfaces except extremely slow soln-
tion and wind abrasion. Exfoliation of counrse was operative for
a time when the lavas were young but it was soon checked and
finally practically stopped by a surface acenumulation of angular
disintegrated blocks too large to be removed by the wind. These
made a surface even more porous to rainwater, and thus aidel
in preventing the formation of surface drainage channels.

The upper surfaces of the heavy-bedded limestones, particu-
larly the Edwards-Georgetown and the Vidrio (Permo-Carboui-
ferous or Permian), have been preserved throughout the Ceno-
zoic much as have the lava surfaces. T
more porous rock than the lava, and the process of exfoliation
operates little on it because it is a homogeneous material com-
posed of & single mineral. The less resistaui strata overlying
these heavy limestones were removed early in the Cenozoie ero-
sion cpoch from all places where they occupied topographic
prominences. The Hdwards-Georgetown was immediately over-
lain by the Del Rio, which containg a large amount of clayvey
material impervious to the passage of water. The Del Rio is
thin and flaggy-bedded and hence comparatively little resigtant,
espeelally to the erosion of running water. But when once the
Del Rio became removed from the underlying Edwards-George-
town, downcutting by the corrosion of rnuning water beeame
greatly inhibited or cven checked because the water was absorbed
by the Hdwards-Georgetown limesione. A few of the larger
streams with greater water supply did persist and are today the

he Imestone is an even
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antecedent streams of the region. But even they must have lost
a very large proportion of their waters by seepage when they
crossed these limestones. It is of course true that the limestone
is one of the most soluble rocks of the region, but it has been
already pointed out that solution is a relatively unimportant
process as compared with mechanical crosion processes, especially
in desert regions. The limestones have a rough, grooved and
pitted (Karst) surface here, but this is only a very minor fea-
ture. Limestone sink-holes also occur and a couple of under-
ground erosion channels with their floors covered with water-
worn pebbles were found in the Comanchean limestone in the
vieinity of Phantom Lake, north of the Davis Mountains and
south of Toyahvale,

The St. Solomon Spring at Toyahvale, the spring at Phantom
Lake, and the Comanche and Leon Springs at and near Fort
Stoekton, reach the surface through limestone beds and are cither
figsure springs rising on fault lines or springs rising in solution
channels in the limestones. The great limestone areas of the
region, such as the Glass Mountains, the Sierra del Carmen, the
area covered by the Edwards-Georgetown cast of the Carmen

" Range and east of the Marathon Basin, and a nunber of other
arcas have the more barren surfaces supporting only the most
drouth-resistant vegetation. These limestones have bare rock
surfaces, all soil materials being removed as fast as formed by
the wind and the rain., The moisture that falls is quickly ab-
sorbed by the limestones so no moisture is afforded to support
any but the most drouth-resistant plants. The lack of a thick
cover of vegetation leaves nothing to hold the finer products of
rock weathering, so no soil can be formed either to hold moisture
or support the growth of any but the hardiest types of vegeta-
tion, which manage to get their roots down eracks and crevices
and through the softer portions of the limestone,

There is no hope of gelting well-water in these regions until
the drill penetrates the entire thickness—often too great to drill
through-—of the limestones and strikes an impervious stratum
somewhere beneath. In the great monoclinal cuestas all the
water absorbed by the limestones is carried away down the dip
to contribute to the underground water supply of some other
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region. So it often happens in these regions that the strata
which are the good carriers of underground water have carried
it all away to some other region.

A large number of the ‘‘tinajas’’ or small surface water-holes
are either potholes formed by erosion at the base of falls or
rapids along the stream courses, or else they are shallow cavities
formed by solution often somewhat aided by wind erosion, in
the less consolidated portions of the limestones. In the lime-
stone regions these are often the only placeg where any naturally
accumulated water can be found. In most of them the water
entirely evaporates within a few hours or a few days after the
rain.

The limestone euestas and mesas are being destroyed only by.
the slow process of cliff recession, just as the lavas. Therefore
they can persist even until the very end of a cyele of erosion.
Now it is precisely because these limestone and lava surfaces are
the most resistant rocks of the region that they form today the
only remains of the old surface which existed at the time the
latest mountain-forming movements, which are responsible for
the present mountains, began. They were the surface rocks of the
region when they were folded and so they give us excellent data
as to how competent surface rocks behave under deformation.
But unfortunately they tell us little of the stage of development
of the general erosion surface at the time the mountain-making
movements began their work. Their original surfaces could have
been preserved throughout the entire erosion cycle from youth
to old age. All the definite information now afforded us
by the stage of erosion rcached in a cycle lasting practically
throughout the Tertiary is afforded by the meandering courses,
now intrenched, of the antecedent streams of the region. Such
meanders are not developed in young stream valleys bur only
in mature old stream valleys. The general stage of ercsion
reached in the Tertiary cycle of erosion may have ranged any-
where from late youth to late old age. No Tertiary deposits are
known in Trans-Pecos Texas and it is now certain that no wide
spread ones occur there. Tt is therefore most probable (1) that
the entire region had exterior drainage to the sea through-
out Tertiary time and (2) that the Tertiary was entirely a time
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of erosion in Trans-Pecos Texas. The whole extent of Tertiary
time is certainly long enough for the development of a pene-
plain. But whether such a peneplain had been formed near the
close of the Tertiary is yet a matter of opinion and not of
definite proof.

As a general thing the more resistant limestones alternate with
less resistant strata. The more resistant beds form steep, often
verticle, much fretted cliffs. Weathering is more effective along
points and in more soluble or less compacted portions, and the
general effect produced is that of huge stone walls of so ancient
a date that they have erumpled into ruins. The less resistant
beds form less steep slopes covered with debris from overlying
more resistant layers and the whole escarpment or canyon wall
gives a buttress effect like that of ruined Gothie architecture.

The minor features in the topography of alternating more
resistant and less resistant beds in the Permo-Carboniferous and
Comanchean rocks present some noteworthy characteristics. The
steep-sided mesa and cuesta escarpments stand out apart from
each other, separaied by the drainage courses, generally with
their lower slopes less steep and more covered with debris. The
coneavity of the profile of the lower slopes abruptly flattens at
the base from which it gently slopes towards the drainage courses,
and in the valleys proper changes from concave to convex up-
ward. The lincs of the courses of the narrowly and shallowly
trenched arroyos are marked by a line of dark green herbaceous
vegetation, affording the deepest and most vivid color in the
entire Jandscape. The limestone cliffs are ashy-gray or light
buff in color. Flat-lopped columns or pinnacles often stand a
little in advanec of the main cliff walls or are isolated by drain-
age courses. The valleys are not lai-floored but have consid-
crable relief, But viewed from commanding points above them,
they appear flat and featureless. Portiong which have slumped
along fractures parallel to the faces of the cliffs are sometimes
taken at first sight for normal faults of tectonie origin.

The low-lying flat areas are not always devcloped out of non-
resistant rocks. They are oftcn only the places recently un-
covered by retreat of higher cscarpments. When a number of
escarpment-making rocks occur in the same section, the highest
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ledge has retreated the most, the next highest not so far as the
highest but farther than the next lowest, and so a series of
benches and terraces is carved out.

Structure and Phystography Produced by the Latest
Deformation

All the physiographic and structural subdivisions of the re-
gion, with the exception of the Marathon erogional basin, have
both structure and physiography produced largely as results
of the latest mountain-making movements. Named in order
from north to south these subregions are:

1., The Toyah Basin with a general eastward and northeastward
monoclinal dip.

2. The Delaware-Guadalupe dome, upthrust on the west,

3. The generally lava-covered mainly synclinal area of gentle fold-
ing, extending from the Barilla and Davis Mountaing to the Big Bend
of the Rio Grande.

4. The Marathon Dome, with steepest dips or overfolds on the west
side, including the Glags, Mt. Ord and Santiago mountains.

5. The Trans-Pecos Plains east of the Marathon Dome and Sierra
del Carmen, gently folded near the mountaing c¢n the west and with
gentle eastward and southeastward monoclinal dip on the east.

6. The Sierra del Carmen Dome with a series of upthrusts on the
east flank in Texas and on the west flank in Coahuila.

The Delaware-Guadalupe and the Sierra del Carmen domes
are elliptical in ground plan with their longer axes trending
northwest-southeast.

The Toyah Basin

The Toyah Basin, as named by R. T. Hill, comprises a broad
basin-like area in northeastern Trans-Pecos Texas and south-
eastern New Mexico. Tts natural boundary on the northeast
is the southwestern erosion cscarpment of the Llano Estacado,
running parallel with and a short distance east of, the course
of the Pecos River. On the west it is bounded by the Delaware
and Guadalupe Mountaing, on the southwest by the Davis and
Barilla mountaing, and on the south by the Comanchean rocks
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of the Trans-Pecos Plains (Stockton Plateau of Hill). The
grealer part of its broad flat surface is covered with an un-
consolidated or caliche-cemented mantle of Quaternary alluvial
debris derived from the erosion of the mountain bounding it on
the west and southwest, It is underlain for the most part by
Permian clays, limestones, sandstones, salt and gypsum, covercd
locally by oulliers of Washita Comanchean. In the southwest
portion the Comanchcan rocks are found in greater amount
and it is probable that some Upper Cretaceous rocks are also
present, for instance, northwest of Toyahvale.

The Toyah Basin appecars to be mainly a physiographic and
not a structural basin. It is really the southwest portion of the
great Llano Hstacado geosyneline and is monoclinal in structure
with a general dip eastwardly towards the Pecos River. Along
its western and southweslern marging are a number of low folds,
wilh their axes parallel to the axces of the mountains. A num-
ber of these folds which have been stripped of their former
covering of lava occur in the country around Toyahvale, north-
east of the Davis and Barilla mountains. Another was noted
just east of where Limpia creck crossed the farthest eastward
extension of the Davis Mountain lava flow. Another runs in a
general eastward direction from mile-post 925 of the Kansas
City, Mexico and Orient Railroad. The last two anticlines may
possibly have been formed by the late Cretaceous deformation.

The Toyah Basin has been formed by the erosion of the lit-
tle resistant PPermian and Washita Comanchean rocks, effecting
a local base-level along the Pecos and its tributaries. The re-
sistant Kdwards-Georgetown limestone is reached by the down-
cutting of the Pecos River at a point ncar the Pecos-Tervell
county line and the inhibition of erosion by this vesistant forni-
ation, by checking the rate of down-cutting, has allowead the
formation of a loeal base-level above this point.

It is as yet impossible to say whether or not any antielinal
fold of domical structure erosses the conrse of the lower Pecos
hetween the points where it is crossed by the Kansas City, Mex-
1co and Orient and the Southern Pacific railroads. In the vi-
cinity of Shefflield, Pceos County, and of the Orient Railroad
bridge the Comanchean appears to be very nearly horizontal.
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So far as is known, no geologist has ever explored the canyon
portion of the lower Pecos from the Pecos-Terrell county line to
the mouth of the river. Folding athwart of the Pecos in this
region during the latest deformation would have undoubtedly
aided in the formation of the Toyah Basin.

The Baleones faulting has almost certainly aided in the form-
ation of the Toyah Basin and the canyon of the lower Pecos,
as il has in the formation of the canyon of the Rio Grande
between the mouths of San Francisco Creek and the Devil’s
River. The canyons in this portion of the Rio Grande, on the
lower Pecos and on the lower Devil’s River, are extremcly tor-
tuous and deeply intrenched. Now, however resistant ihe
Edwards-Georgetown limestone is in the regions of these can-
yons—and we have already noted that it thickens greatly in
going southward towards the Rio Grande—it is entirely out of
the question for these deep, narrow, and tortuous canyons to
have persisted throughout most of the Cenozoic. Henee, one ig
practically foreed to conclude that at least that much of the Bal-
cones faulting as is respongible for the preseni Balcones escarp-
ment must have oceurred near the end of the Tertiary and that
the ecanyons have been cut sinee that date.

The downthrown portion of the Balecones fault is the south-
cern block, mainly of Upper Cretaccous and Tertiary rocks.
There are three possible movements causing the faulting: (1)
the southern block settled downwards; (2) the northern bloek
rose; (3) the southern block moved downward simultaneously
as the northern block moved upwards. Any one of these move-
ments would explain the formation of the canyons of the Rio
Grande, Pecos and Devil’s rivers.

The next question is whether the canyons were developed by
headward erosion of streams which came into existence after
the faulling or by antecedent streams ihe courses of which were
in existence before the faulting. If the streams were antecedent
and the northern or upthrown block actually rose in altitude,
the canyons ent in the upthrown block would be cut all along
their antecedent portions simultaneously (that is, as the uplift
progressed). If the streams were antecedent and the northern
or upthrown block remained stationary, the southern or down-
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thrown block having moved downward, canyon-cutting would
begin first only along the southern margin of the fault and
gradually work headwards and the portions of the valleys near
the fault lines would be older and broader than towards their
headwaters; provided that the same resistant rock was found
throughout the canyons, as it ig in thig case. Streams coming
into existence after the faulting and gradually extending their
courses by headward crosion into an uplifted northern upthrown
block would behave as antecedent streams in the lagt-mentioned
case. But the intrenched meander-like canyons would not de-
velop by normal headward erosion in a valley cut out of rock
of homogencous resistanee. TFurthermore, the lower canyon por-
tions seem to have rcached no greater stage of development,
that is, they do not appear to be older, than the upper canyon
portions.

The valley of the headwaters of the Devil’s River ig much
broader, much ghallower, and at first sight looks much older,
than the lower canyon valley. But the older appearance of
the upper valley may be deceptive. TIn the first place, it is cut
out of less resistanl. Comanchean rocks of probably later age
than the Edwards. And in the second place the down-cutting
of the valley lower down ig inhibited by the superior resistance of
the Edwards where the stream crosses thal formation, permit-
ting more side-cutling and less down-cutting above the resistant
barrier and thus allowing an older-appearing valley to develop.
There is nothing to indicate that the upper valley may not
really be older in point of age, but on the other hand, these two
factors make it difficult to definitely prove it without further
data.

One can hardly escape the coneclusion, furthermore, that the
Rio Grande is a very old river. Ifs upper course in southern
Colorado seems to have existed as long ago as the Kocene and
either the Rio Grande or a stream occupying nearly the same
course was supplying sediments to the Rio Grande embayment
throughout the Cenozoie. If one accepts as antecedent the
course of the Rio Grande between the mouths of San Francisco
Creek, and the Devil’s River, it looks extremely probable that
the lower canyon courses of its tributaries, the Pecos and Devil’s
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rivers, are antecedent also. So it is altogether most probable\
that all three of these canyons are antecedent.

We will now return to the question of the origin of the Toyah
Basin, If the original Gulfward dip of the Comanchean of the
southeastern Trans-Pecos Plaing and the western FHdwards
Platean was lessened in amount by an upward movement of the
north bloek of the Baleones faulli, it is probable that the greatest
amount of upward movement occurred in juxtaposition with the
fault planc at the southern margin of the northern block and
that the amount of movement somewhat gradually decreased
toward the north. The river, confronted with a gradual rising
of the country to the southward by movements of the Balcones
faulting, would be forced to cxpend most of its erosive energies
in cutting down its channel to keep pace with the gradual rise
of the country in its path. Until the channel of the lower portion
was considerably lowered mot much progress could be made in
lowering the barrier in its path beginning where it first entcred
the resistant Edwards. As long as that barrvier was not lowered
the channel of the river above the barrier would more and more
tend to approach a base-leveled condition and this approach
to a base-level would permit the formation of the Toyah Basin.
If the lower Pecos is antecedent, the development of the Toyah
Basin by erosion would have taken place before, during, and
after the Balcones faulting. But if the lower canyon portion
of the Pecos has been entirely cut by headward erosion since the
time of the faulting, erosion of the lower levels of the Toyah
Basin would have ccased until the headwaters of the newly-
formed stream had reached back and entered the Toyah Basin.

We as yet know nothing of the age of the sediments forming
the southern portion of the Llano Estacado. We do know they
weore deposited by strecams flowing eastwards from the Cordil-
leras, probably in later Cenozoic times. And we know that when
the Miocene, Pliocone and Pleistocene gediments of the northern
Iilano Hstacado were deposited, by strcams flowing eastward
from the Cordilleras, the middle Pecos in its course through
southeastern New Mexico could not have been in existence.®

*(eclogy and Underground Waters of the Northern Llano Estacado,
by C. L. Baker, Bull. Univ. of Tex., 1915, No. 57.
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The alluvial debris covering most of the surface of the Toyah
Bagin, and derived from the erosion of the mountains to the
west, was begun to be deposited only upon the beginning of the
last deformation of the Trans-Pecos Cordillera. Erosion of the
lower portion of the Pecos Valloy may have heen taking place
when the alluvial debris was being laid down on the western
and higher portions contiguous to the mountains, But if the
deposits of older alluvial debrig of the Toyah Basin were con-
temporaneous with those of the southern Llano Estacado the
Pecos River of northern Trans-Pceos Texas had not yet come
into existence. It is of course possible that the lower canyon
portion of the Pecos River was the entire course of the river at
the time of the Balecones faulting—that is, was antecedent to
that faulting-—and that in only comparatively recent years, by
headward growth, it has come to drain the Toyah Basin.

It appears that we have not yet enough evidence to satisfac-
torily solve the problems raised above. The writer will, however,
state his personal opinion that the canyon course of the Rio
Grande between the mouths of the San Francisco Creek and
Devil’s River and the lower canyon sources of the Pecos and
Devil’s rivers are antecedent to the Balcones faulting that has
made the present Baleones escarpment; and that the Balcones
faulting producing the present escarpment occurred at nearly
the same time—if it was not contemporaneous—as the latest de-
formation of the Cordilleran Front Range in Trans-Pecos Texas.
It is almost absolutely certain that much smaller streams than
the Pecos, Rio (rande and Devil’s River—in faet, tributaries
of the Rio Grande and Pecos—did prescrve their antecedent
courso al this time aeross whole mountain ranges uplifted
althwart their paths. These will be described in the sequel. And
the physiographic development of the Pccos, Rio Grande and
Devil’s River eanyons is the same as of these almost certainly
antecedent eanyons erossing the Front Range and, in fact, they
have been developed in the same rocks.

The Delaware-Guadalupe Dome (Southern End)

The long axis of the Delaware-Guadalupe dome 1rends in gen-
eral from 10° to 20° west of north. Most of this mountain mass
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appears to be a gently eastward-dipping monoecline.* It is per-
haps more accurate to call the general structure an elliptical,
unsymmetrical dome, with much greater dip on the western
than on the eastern flank, In fact, much of the west flank is
perhaps formed by an upthrust fault, along which the mountains
have arisen cast of the Salt Basin., Only the southern portion
of this dome, or that portion lying south of the Texas and Pa-
cific Railway, falls within the scope of this paper.

The escarpment of a southward dipping cuesta of Washita
Comanchean: limestone, underlain by ecalecareous marls, rises
from one half to two miles south of the Texas and Pacific Rail-
way from five miles west of Boracho section eastward to beyond
Kent, The sirike of the Washita beds is here practically cast
and west, and the southward dip is about 2°. This cuesta is
separated from the northern lava escarpment of the Davis Moun-
tains by an alluvium-covered valley under which the Benton
(Eagle Ford) shale probably lies, since Niobrara {(Austin) chalk
was found underneath the lava at the Reynolds (X) ranch at
the mouth of Adobe Canyon.

South of Kent Station the strike in the Washita Comanchean
beds changes to northeast and there is a syncline with north-
east axis running at right angles to the Front Range folding in
this vieinily. This cross-fold may be taken as the southeast
corner of the nearly square-ended southern limb of the Decla-
ware-Guadalupe dome. At the northeast end of the cross-fold
and just south and east of Tatum’s ranch is an area of probably
intrusive igneous rock. This lics about six miles south of south-
west of San Martine seclion-house. In the vicinity of San Mar-
tine the Washita Comanchean rocks arc folded into low anti-
clines and synclines with their major axes running north-north-
west,

About four miles south of the Texas and Pacific Railway at a
point about midway between Boracho and Plateau section-houses
there ig a low gyncline with its major axis running about N 15°
W. This syncline is really a portion of the western flank of the
Delaware Mountains dome. About one half mile east of this

*Richardson, G. B., Report of a Reconnaissance in Trans-Pecos
Texas, Bull. Univ. of Texas. Mineral Surv., 1904, pp. 53-55, and Van
Horn Folio, U. 8. Geological Survey, 1914, p. 7.
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syncline is a small outerop of igneous rock. Two miles south the
Washita Comanchean dips 9° in about a N 10° E direction.

The two synclines above noted, one at the east and the other
at the west end of the southwardly-dipping cuesta of the Wash-
ita, mark the southeast and the southwest corners of the broad,
almost square-ended Delaware-Guadalupe dome. Gently folded
‘Washita Comanchean heds with their longer axes northwest-
southeast, flank, on hoth east and west, the flat which is proba-
bly underlain by Benton between the northern lava escarpment
of the Davis Mountains and the Washita cuesta south of Kent
and Boracho,

Lava-covered Area of Davis and Barilla Mouniains

The Davis and Barilla mountains as far sonth as the latitude
of Fori, Davis, are a part of the Front Range of the Cordillera.
The lava-covered areas south of I'ort Davis, in the country from
cast of Strobel siding on the Southern Pacific Railroad westward
to beyond Valentine, the lava-covered portion of the Mt. Ord
Range and to the westward, and the lava area west of the Santi-
ago Range and west of the Sierra del Carmen all belong to the
great synelinal area lying westward of the Cordilleran Front
Range and cxtending from central New Mexico southward to
beyond the Big Bend of the Rio Grande. This great synelinal
arca of lava exiends westward as far as the Van Horn, Tierra
Vieja, and Chinati mountains. The lava area once extended
east of its present limils in the Davis and Barilla mountains but
has there becn removed by the evosion of Cenozoic time.

The backbone or summit ridge of the Davig Mountaing is the
Sawtooth Range of intrusive porphyritic syenite which reaches
in Baldy or Livermore Peak (8382 feet), the second highest
altitude in Texas. From the summit of Baldy Peak one gets
the impression that the Sawtooth Range from Blue Mountain,
west of Fort Davis, northwestward to Sawtooth Mountain is a
broad low anticline with major axis running norlthwest-south-
east. In all probability at the close of the voleanic epoch the
intrusive porphyritic syenite of the Sawtooth Range marked a
line of voleanoes or of fissure eruptions. The latest deformation
appears to have followed the lines of the last Cretaceous defor-
mation and of the later voleanoes of the Sawtooth Range.
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A broad synclinal area lies between Sawtooth Mountain and
the northern lava esearpment of the Davis Mountains. This is
marked by a broad basin south of the canyon portion of Adobe
Canyon. The northern escarpment of lava from Gomez Peak
westward to Boracho Pealk is a gently south-southwestward-dip-
ping cuesta on the south flank of the Delaware-Guadalupe dome.
To the northwest lies another anticline which runs southeast
from near San Martine section-house on the Texas and Pacific
Railway east of Gomez Peak through the Washita and Niobrara
rocks southcastward through the summit of Star Mountain,
erossing Limpia Canyon about three miles south of 1impia post-
officc and to the southeastward crossing Horsethief Canyon near
its mouth. This anticline is succeeded on the cast by a syncline
which runs parallel with it and from two to four miles distant
{rom it. The trough of this syncline is covered with lava be-
tween Phantom Tiake and the mouths of Cherry and Madera
canyons. The lava begins on the southeast of the San Augus-
ting ranch and forms the trough of the synecline as far as the
divide bhetween Limpia Canyon and Toyah Creck. The head-
waters of Toyah Creek between the Davis and Barilla moun-
taing and Limpia canyon from the divide separating it from
Toyah Creek cast-southeastward as far as the original MeCutch-
in ranch are synclinal valleys in the trough of this syncline.
This syneline is the orographic valley which separates the Davis
{from the Barilla mountains.

The lava flows forminge this syneline at the divide between
Toyah Creek and Limpia canyon dip 20° northeast on the south-
western limb and 10° southwest on the northeastern limb. A
west-northwest trending anticline runs through the center of
the Barilla Mountains, where the lavas are underlain by Nio-
brara and Pierre. Southwest of the main Barilla Mountains
anticline lie another syneline and anticline and another syncline
lies southeast from Toyahvale and northeast of the main anti-
cline. The folds continue for an unknown distance and gradu-
ally die out in intensity mnorthcast of the Barilla Mountains.

The longer canyons of the Davis Mountains are apparently
antecedent to the latest folding. Among those of probably an-
tecedent origin are Adobe, Cherry, Madera and Limpia can-
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yons. Adobe canyon rises on the northern slopes of Sawtooth’
Mountain very probably as an originally consequent stream. In
its middle course it flows through a broad synelinal basin., Its
lower course is a canyon cut through the southward-dipping
cuesta which bounds the Davis Mountains on the north. Cherry
Canyon has a broader and shallower valley in the middle and
upper portions of its course but cuts a steep and deep canyon
lower down throueh the gouthwestward-dipping cuesta south of
the mouth of the canyon at Duncan’s Ranch, Madera Canyon
is steep, narrow and deep in its middle and lower portions, but
stecper, deeper and narrower a couple of miles above Kingston’s
Raneh ; being there 2,000 feet in depth. Its valley is both shal-
losver and broader in its headwaters portion, north of Baldy
or Livermore Peak.

Tt is most likely that Adobe, Cherry and Madera Canyons
developed as consequent streams on the lava surface after the
cessation of the voleanie activity. The Sawtooth Range appears
to have been the site of most of the old voleanoes or lava fissures
in the western portion of the Davis Mountains and hence the
original lava surface probably sloped downwards away from
the Sawtooth Mountaing, which by voleanie accumulation formed
the original divide.

Limpia Canyon cuts entirely across the Davis Mountaing and
Hows in a northeasterly direction from its head until, at a point
aboul two miles northeast of Limpia postoffice, it enters the
syncline separating the Davis and Barilla Mountains, About
two-thirds of the way between Fort Davis and Limpia post-
offiee there is a nmarrows in Limpia Canyon known as Wild Rose
Canyon. One and a half miles below Wild Rose Canyon the
valley widens eonsiderably in the poorly resistant Pierre shale
which has there been stripped of ils lava covering. As one goes
upstrcam from Wild Rose Canyon toward Fort Davis the valley
both widens and shallows. Southwest of Fort Davis the head
of the Limpia valley lies in a flattish basin from eight to ten
miles broad. This broad basin extends as far south as the
northern foot of the Puertacitas Mountains. The west fork of
the Limpia entering the main stream about two miles below
Fort Davis heads on the ecastern slopes of Baldy or Livermore
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Peak, which peak, as we have already seen, is the highesi sum-
mit and the main orographic divide of the Davis Mountains.
The valley of the head of the west fork is in the same stage of
topographic development as the heads of Adobe and Madera
Canyons. Southeast of Fort Davis at a distance of three to
four miles there runs a very broad and shallow tributary val-
ley parallel to the Limpia Canyon at Fort Davis, 1t is Lhe head
of thig tributary which extends farthest south of all the streams
in the Limpia drainage arca. The two eastern tribuiaries of
this tributary suggest a drainage reversal for their headwalers
and for most of their courses run slightly south,of west, instead
of northwestward as we would expect if they had been origi-
nally developed as tributaries of a northeastward-flowing
stream|. The divide between the eastern tributary of the Lim-
pia heading farthest sonth and the southward-flowing Alamila
Creek is hoth low and broad. The suggestion seems at leasi
pertinent that al a former time this eastern tributary drained to
the south into Alamita Creek but was later eaptured by Timpia
Canyon. This possible stream capture may have heen aided
by an upwarp during the latest delormation ai the site of the
present Alamita-Limpia divide.

Musquiz Canyon, now followed by the Alpine-T'ort Davis
road, may also have undergone a rceent change of drainage.
Musquiz Canyon heads on the northeastern flanks of the Puer-
tacitas Mountains and flows for three-fourths of its course
in a northeasterly direction and then abruptly turns at more
than a right angle to a southcastward course. At the point
of the abrupt turn a southcastwardly-flowing tributary also ent-
ers Musquiz Canyon. Between this tributary and the next
eastern tributary entering Musquiz Canyon farther downstream
is a low broad divide, and the head of this latter tributary is
separated from the head of the northeastwardly flowing Ilorse-
thief Canyon by a broad divide not more than 50 feet high.
The lower end of the southeastwardly-flowing portion of Mus-
quiz Canyon is a deeper-walled canyon than any other drainage
course in the Musquiz drainage area. Altogether it seems
likely that the lower portion of Musquiz Canyon has eaptured
and diverted to itself the former headwaters of a northeast-
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ward-flowing stream the lower course of which is the present
Horsethief Canyon.

The high sharp peaks rising above the gencral surface of the
lava-covered area, such as the Sawtooth Range, Puertacitas
Mountains, Mitre Peak, Twin Mountains, Paisano Peak, Cathe-
dral Mountain, Cienecga Mountain, Goat Mountain and Ele-
phant Mountain, may be all old voleanie plugs or they may be
remnants of a higher lava flow which once covered the region.
Their summits now range in altitude from. slightly less than
6,000 to 6,860 feet, average about 6,500 feet, and rise on the
average a thousand feet or more above the lower lava-covered
country. The writer was not able to visit any of thesc peaks
to determine whether they were voleanic plugs, the sites of old
voleanoes, or remnants of higher, onee more extensive, lava
flows. So the question must be left open for future investigation.
If they are the sites of old volcanoes from which came the lavas
and tuffs of the lower country, it secms probable that most of
the present drainage, wilh the possible exceptions noted above,
was originally eensequent to the land surface at the end of the
voleanie epoch.

But whether originally consequent or not, it is practically
certain that Adobe, Cherry, Madera and Limpia canyons, and
perhaps some others, are antecedent to the gentle folding of the
lava-covered arca during ihe last deformation. For they cross
the folds at right angles, neither they nor their tribularies show
any important amount of adjusiment to the lalest struetures,
and when they cross the anticlines their valleys are in all re-
speels physioeraphically vounger and deeper than in the syn-
clines. The shorter streams dissecting the cdges of the hound-
ing lava eseaipments arc prohably not conscquent, but extended
streams, gradually lengthcning their courses by headward ero-
gion; and in some cases, aided by greater gradient, destined 1o
capture older consequent or antecedent streams,

The basin north of Alpine, known generally ag the Alpine
Valley, has a lower altitude than the flat west of Paisano Pass
which seems held up as a Jocal base-level by a resistant lava flow
crossed by Alamita Creek about twelve miles sonth of Marfa.
Aided by their greater gradient, Barillas Creck and the stream
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flowing northeastward from Paisano Pass, both tributaries of
the Alpine Valley, have been able to cui back to the weslern
limit of the higher lava-covered region between Alpine and
Paisano Pasgs,

The Marathon Dome

The Marathon dome is an unsymmetrieal structure with gentle
outward dips on the north, east and southeast flanks, and steep
or overturned dips on the southwest. In some places in the
Mt. Ord and Santiago Ranges, which form the southwestern
flank of the Marathon dome, there hag been a minor amount of
overthrusting. Orographically, the Mt. Ord and Santiago
ranges, which are structurally onc range, make up a portion
of the present Cordilleran Front Range. A broad erosion basin
hag been cut through the summit of the Marathon dome.

The Glass Mounteins form the northern and northwestern
flanks of the Marathon dome and form a compound erosion cues-
ta, the southward and southeastward cscarpment of which
forms the north and northwest beundary of the Marathon
Basin. The Glass Mountains may be considered to end on the
east at Gap Tank, twenty-six miles northeast of the town of
Marathon, where a low crosion gap forming the divide between
the Pecos and Rio Grande drainages is followed by the Mara-
thon-Fort Stockton road. Strueturally, however, the range
continues a few miles farther ecast to beyond the Purington
ranch. The west end of the Glass Mountaing may be taken as
the broad valley at the head of Dugout Draw followed by the
line of the Southern Pacific Railroad in the vicinity of Altuda
section house. Strueinrally, the Glass Mountains are continuous
with the northern Mi. Ord Range, beginning at Altuda Moun-
tain. North of the porphyritie syenite mass of Tron Mountain,
eight miles north of Marathon, the east-west strike of the east-
ern portion of the Glass Mountains changes rather abruptly to a
southwest strike in the southwestern portion of the range. The
main summits and southern and southeastern escarpments of
the Glass Mountaing are formed of Permo-Carboniferous and
possibly early Permian rocks, in all about 8,000 feet in thickness
and mainly limestone. At the east in the vieinity of Gap Tank,
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Comanchean rocks cover the summits and the upper Penngyl-
vanian Gaptank formation outerops at the base of the escarp-
ment. Much of the northern slope of the cuesta is covered with
Comanchean rocks,

From just west of Iron Mountain southwest nearly to Lenox
section-house on the Southern Pacific Railroad, there is a lower
northwestward-dipping cuesta of the Leonard lower Permo-
Carboniferous formation, separated on the northwest by a strike
depression from the higher main cuesta of the Glass Mountains.
In this depression a number of valleys adjusted to the strike
hag developed, draining southeastwards through deep and nar-
row gaps across the lower cuesta. Dugout Creek, possibly an-
teecdent to the last deformation, has excavated a broad valley
floored with a thin covering of alluvium through the lower
cuesta in the vieinity of Lenox section-house. Southwest of
Lenox, west of the valley of the Dugout, the lower cuesta again
appears. A number of lower and minor cuestas and hogbacks
lie on or just south of the main Glass Mountains cscarpments.
These are capped by the more resistant layers of more massive
limestones.

Dugout Creek has the only valley entirely cutting across the
Glass Mountains. All other valleys tributary to the Rio Grande
have a southward or southeastward course and cut back greater
or less distances into the erosion escarpment, forming the south-
ern and southeastern slopes of the range. The main valleys
on the north gentle monoelinal slopes of the range are conse-
quent ones, running down the dip. They drain through the
northern Trans-Pecos Plaing to the Pecos River. Their tribu-
taries are adjusted valleys parallel to the strike. The two low-
est gaps across the range cast of the valley of the Dugoul are
Formed by low divides between Pecos and Rio Grande drainages.
One of these is at the head of the rather broad valley of Gilliam
Canyon which heads northwest of Iron Mountain, The other
is at the head of the valley of Gap Tank and is followed by the
Marathon-Fort Stockton road.

The Mt. Ord Eange extends from Altuda Mountain on the
north southward to the wind-gap of Del Norte Gap. The main
anticline begins near the line of the Southern Pacific about
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halfway between Lenox and Altuda section-house,* The dips
are rather gentle at the north. Between Altuda Mountain and
Mt. Ord two domes are devcloped, the northern one by a lac-
colithic intrusion about five miles west of Altuda scetion-house,
and another, two miles south of the first, which may be caused
by an underlying laccolith. About threc miles south of the
southern dome the axis swings to the southeast, the dips here
being about 30° on either flank, Six miles to the southeast
the axis again swings south and the dips become nearly or quite
vertical on the erest of the anticline but flatten rapidly on the
flanks. Six miles south of the point of turning of the axis to the
south the dips along the crest Joeally become quite gentle, 8° on
the west flank and 5° on the east. Five miles south where the
range is erossed by the Doubtful Canyon of Maravillas Creck,
the strata on the crest are vertical or even overturned toward
the west, but a mile west of the crest the westward dip is only
8°. T'rom five miles north of Del Norte Gap to Del Norte Gap,
the anticline is paralleled on the west by a monocline with a
slightly south of west dip of 45°. At Del Norte Gap the strata
are overturned to the west, just west of the axis of the main
anticline,

Halfway between Del Norte Gap and Doubtful Canyon the
monocline crosses the topographic summit of the range to its
cast side and northward beecomes vertical and even overturned.
At the mouth of Doubtful Canyon the sirata dip gently west-
ward but about onc mile north of Doubtful Canyon on the east
slopes of the range, strata of Edwards-Georgetown age are
furned vertical against the gently dipping westward monocline.
North of here the orographic summil is again a simple mono-
cline, and the crest of the fold originally passsed cast of the
present ranee erest, and has been removed by erosion. Botween
Doubtful Canyon and the point where the monoeline passes to
the cast front of the present range, the orographic crest is lower
than to the north and south., Doubtinl Canyon is almost cer-
tainly antceedent, though fed by adjusted tributaries parallel
with the strike. The lava cucsta extending from Sirobel siding
southward through Mi. Ord to Elephani Mouniain lies on the
west, flank of the Mt. Ovd Range proper and dips westward to-
wards the great synclinal area west of the Cordilleran Frout
Range,
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From the laccolithic intrusion south-southeastward to five
miles southwest of Lenox, a syneline runs parallel with the anti-
cline at a distance of about two miles to the east. Soulhwest
of Lenox five or six miles, this synecline is met at right angles
by the northwestward-dipping lower cuesta of the Glass Moun-
taing,

The Santingo Range (Plate Va and VI) begins at Del Norte
Gap and cxtends southeastward to beyond Dog Canyon. lhe
anticline of the Mt. Ord Range continucs southward into the
Santiago Range as the main structure responsible for the pres-
ent orvography of the latter range. Just as in the Mt. Ord
Range, so in the Santingo Range, from its northern end asx far
gouth ag its summit peak, the axig of the main antieline lies
east of the northeastern foot of the range; the Comanchean
rocks once covering the axis of the fold havine been removed
by later erosion. The anticlinal axis forms the orographic snm-
mit ridge only between the highest summit and a point two and
a half miles northeast of Persimmon (ap and farther southcast
in the vieinity of Dog Canyon. The stiuciural trend of the
northern end is firsl southeastward for three and one half miles
and then {urns sonth to a point northeast of Santiago Peak and
then again trends southeastward to Dog Canyon, with, however,
an abrupt offset to the southwest northeast of the highest sum-
mit. South of Dog Canyon the trend again swings to the south
and the range ends by a dyine out of the folding three miles
south of Dog Canyon.

The summit ridge beging at the north in a northeastward-dip-
ping southwestern flank of an overturned anticline of lower
Comanchean, upthrusted against Upper Comanchean on the south-
west. The Kdwards-Georgetown is entirely faulted out. The
fanlt plane dips about 65° in a N 65° K dircction, being there-
fore of the overthrust type. For the first two and a half miles
south of Del Norte Gap the dip on the east side of the fault
plane is steeply to the southwest. Along its southward contin-
uation the dip on both sides of the fault is very steep to the
cast, the strata on the western side of the fault being over-
turned. West of the fault the dips rapidly flatten to a few de-
grees in a westward direction, The axis of the anticline, which
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lies east of the faull, is oceupied by a narrow canyon which has
cut down into the Tesnus formation, the latter dipping stecply
to the south with the isoclinal structure of the Ouachitan defor-
mation. HKast of the anticlinal valley is an outlier of Coman-
chean folded into a rather gentle synecline, and with two small
faults on its northeast and north sides, northeast of the synclinal
axis. Northeast of Santiago Peak the dips on the west side of
the overthrust fault change to the westward with a low angle.

South of Del Norte Gap the overthrust fault lies at the west
basc of the Santiago Range. At Del Norte Gap at the cast base
of the range, the strata are overtuwrned to the westward, and
from Del Norte Gap north the overthrust fault lics east of the
present east base of the southern Mt. Ord Range.

Northeagt of Santiago Peak the trace of the overthrust faui
becomes S-shaped in ground plan and from east of Santiago
Peak southcastward to the broad rc-entrant valley heading on
the southeast slopes of the summit peak of the range is a ro-
markable straight and undissected scarp. At the northwest end
of this straight scarp the strata of the summit ridge are over-
turned to the westward but pass to the southeastward into a
steeply-dipping southwestward monocline, the dip deereasing
to 20° one-half mile northecast of the re-entrant valley. This
straight scarp is probably the recently uncovered plane of the
overthrust fault. It cannot be a “‘bloek’ fault scarp of the
Great Basin type for at its northeastern foot the Paleozoic rocks
are exposed, striking southwestward in cither vertical position
or steeply dipping southecastward.

At the re-entrant canyon the trend of the main anticline of
the Santiago Range abruptly turns at right angles southwest-
ward and continues in that direction as far as the summit peak
of the range and then turns again to the southeast. 'The re-
entrant canyon oceupics the axis of the anticline along its south-
westward trend. On the highest summit of the range, the anti-
cline again becomes overturned to the southwest and remains
overturned in most places from there southeast to near the
south end of the ranee beyond Dog Canyon. Krom an unknown
distance northwest of Persimmon Gap gsouthcast to near Dog
Canyon the summit of the anticline is marked by an overthrust
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fault. At Persimmon Gap, the Tesnus formation is exposed
along the anticlinal crest near the northeast base of the range.
At Dog Canyon the overturned Edwards-Georgetown is over-
turned in a steeply-dipping recumbent fold (sce Plate VI, No.
18).

At Persimmon Gap the Santiago Range forms a sharp and
narrow anticline with an almost vertical upthrust fault on
the west flank very close to the anticlinal axis, which here trends
N 30° W. Southwest of Persimmon Gap the downthrow is to
the southwest and Upper Cretaccous is exposed in the down-
thrown block, in which are also a number of intrusions and vol-
canic outflows. Five miles northwest of Persimmon Gap the
¥ront Range widens, with a long gentle eastwardly dip on the
cast flank and a vertical or mearly vertical dip on the steeper
western face. At Persimmon Gap the Edwards-Georgetown is
entirely faulted out, the lower Comanchean on the northeast
lying in juxtaposition with the upper Comanchean on the south-
west foot. Just south of Persimmon Gap the Front Range is
less than a mile in width. Only the lower Comanchean is ex-
posed from east of the Tesnus outerop at Persimmon Gap to the
Maravillas Creek on the cast.

The Santiago Range is one long single-crested arch of lime
stone from about five miles north of Persimmon Gap to its south-
ern extremity. Just north of Dog Canyon a nearly vertieal
fault striking N 32° W separates igneous rock from Comanchean
limestone on the west. About three miles north of Persimmon
Gap a block fault of 200 feet displacement beging a syncline
in the Comanchean east of the Front Range anticline. Near the
junction of Calamity Creck with the Maravillag are a number
of outcrops of igncous rocks.

Northeast of the major axis of the Santiago Range between
the summit peak and the south end of the range, two minor
anticlines lie between the Santiago Range and Maravillas Creek.
These apparently rise on the south flanks of the Marathon dome
and are a continuation of the general structural trends of the
Sierra del Carmen, although their axes are deflected to the south
parallel with the main Santiago anticline south of Dog Canyoun.

The erest of the Front Range from Ord Mountain southward
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to beyond Dog Canyon is nearly everywhere a narrow ridge ov
aréte of Comanchecan limestone, But it 1s only in the southern
Santiago Range from the summit peak southcastward to its
southern end that the present crest is also the structural crest.
Between Ord Mountain and the summit peak of the Santiago
Range, the orographic crest lics west of the structural crest,
either at the top of an erosion escarpment of a westward-dipping
cuesta, or at the top of a steep, castward-dipping cuesta of over-
turned beds. As the Edwards-Georgetown limestone becomes
thicker southward toward the Rio Grande, it becomes more re-
sistant to erosion and so preserves better the anticlinal folds of
the latest deformation.

Del Norte Gap and Persimmon Gap are low wind-gaps in the
Front Range. They appear to have been sites of streams erosgs-
ing the site of the present range when the latest deformation
began, which were not able, for some unknown cause or causcs,
to maintain their courses during the uplift. Doubtful Canyon
and Dog Canyon of Calamity Creek are apparently antecedent
streams which were able to maintain their courses during the
uplift.

The eastern and southern flanks of the Marathon dome have
respectively eastward and southward dips of 2° to 5°. At the
southeast corner of the dome, just south of where San Fran-
cisco Creek first cnters the Comanchean, there is a subsidiary
anticline striking northwest-southeast and plunging southeast-
ward. The dip on the northeast flank is about 10° and on the
gouthwest flank is more gentle. The axis of this anticline is
oceupied by a valley which drains to the San Francisco through
a gap crossing the northeast flank.

Folds South of the Marathon Basin and East of the Sierra del
Carmen

East of Maravillas Creek at the south margin of the Marathon
basin long dip slopes of basal Edwards-Georgetown dip south-
erly, at an angle of 5% on the north flank of a broad synelinal
‘basin running cast-southeast and west-northwest. In this basin
are a number of sharp-peaked remnants of basic intrusive rock,
prebably of a sill, in the neighborhood of Broke Tanks. This
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broad structural basin is bounded on the south by the high,
broad anticline erossing the Rio Grande jusl below the mouth
of Maravillas Creek, on the north by the southward-dipping
flank of the Marathon dome, and on the west by the westward-
overturned anticlinc of the Santiago Range. Nearly all, if not
all, of this basin is erumpled into minor folds which appcar
about its peviphery, but in the center the bedrock is eoncealed
by a mantle of alluvium. This bedrock is, however, probably
Comanchean.

The northeastern foot of the casternmost Carmen Range is
bounded by a normal fault with downthrow on the northcast
side, where in the structural valley, the Del Rio (%), capped by
basalt, is exposed. The basalt has been both folded and faunlted
by 1he latest deformation. The northern limit of the basalt
flow is about two miles south of the Maravillas Creek, at a point
shortly below its entrance into its eanyon in the reeently up-
lifted Fredericksburg-Washita. Between the northern end of
the basalt and the Maravillas is a fault running approximately
S 15° W with downthrow on the west side and a displacement
of about 100 feet. This fault and the faults digplacing the
basalt west and southwest of ils northern cnd have their down-
throws on the west gide and the individual blocks dip eastwards
in a series of tilted slices. The downthrow and dip of these fault
blocks arc opposite to those of the Sierra del Carmen, a short
distance to the west of them, They lie on the western flanks of
the anticline crossing the Rio Grande between the mouths of
Maravillas Creek and Reagan Canyon.

The anticline just noted, which erosses the Rio Grande in the
local widening of its canyon known as the Vegas, is the west-
ernmost of four long, broad anticlines crossing the Rio Grande
east of the Sierra del Carmen and west of the mouth of San
Francisco Creek. The easteimmost of thiese crosses the river
about one and one-half miles above the mouth of the San Fran-
¢isco in a long swell running S 60°-656° K with the steeper dip on
the northeast flank. The Rio Grande cuts across this anti-
cline in a narrow and tortuous trench in the Fredericksburg-
Washita, fully 1,000 feet decp. (Frontispiece.) About four
miles upstream another anticline, also with steeper dip on the
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northeast, crosses the river. A third crosses the river farther
up and below the mouth of Reagan Canyon. These folds begin
southeast of the Marathon dome and extend for an unknown
distance into Mexico. Possibly they are the northeastern con-
tinuation of the folded Sierra del Burro, which forms the Cor-
dilleran Front Range in northern Coahuila. The broad arch-
ing in thc heavy Fredericksburg-Washita limestone cast of the
Sicrra del Carmen was apparently at least in part accomplished
by a series of faults of very small displacement parallel to the
longer axeg of the folds. These small fissures are filled with
caleite veins, often colored reddish or blackish by iren oxides.
Slickensiding is abundant on the faull planes.

The local widening of the Rio Grande eanyon in the Vegas,
where the westernmost broad antieline crosses the river, was ac-
complished because this fold, the highest of the four, brought
the lower Comanchean less resistant limestone and marls under-
lying the Fredericksbureg-Washita within reach of the erosive
action of the Rio Grande. The easier erosion of the lower Com-
anchean has aided by undermining action in the recession of the
cliffs of Fredericksburg-Washita, Below the mouth of Reagan
Canyon the folds gradually become lower toward the east, and
erosion has not yet cut to the base of the Wredericksburg-Washi-
ta; consequently, the Rio Grande Canyon is there everywhere
a deep, narrow, and winding trench.

The surfaces of the folds are little dissected except where
crossed by the canyvons of the major streams with their short
tributaries. It is a land surface of the top of the limeslone
here called Fredericksburg-Washita, which is likely to be the
top of the Buda, the Del Rio and Buda formations being per-
haps here inseparable on broad lithologic grounds from the Ed-
wards-Georgetown. In the syneclinal depressions between the
anticlines a formation of flaggy, arenaceous limestones weath-
ering yellowish-brown, with a thickness of 20 feet, overlain by
80 fect of white chalky marls, and irregular-bedded knotiy and
marly limestone, outerops in low buttes from fifty to one hun-
dred feet in height. Thig formation resembles lithologically
the Eagle Ford of the southern Trans-Pecos country.
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The canyons of the Rio Grande, Maravillas, Santiago, and
probably Reagan canyon also, must certainly be antecedent to
the formation of the folds. The Rio Grande erosses all of the
folds at right angles to their major axes in very torfuous
trenches a thousand or more feet in depth (see frontispiece).
The anticlinal folds are the broad, very liltle eroded, oro-
graphic ridges. The canyon on the lower Maravillag begins
shortly below ithe Miller Ranch as the westernmost of these folds
begins to lift at its northwest end. The lower San Franscico
cuts a short eanyon with intrenched meanders the summit of
the canyon walls being of Edwards—when it leaves the Pale-
zoie rocks of the Marathon basin., The Comanchean rocks there
dip downstrcam with a dip greater than the gradient of the
creck so that a short distance below the valley shallows and wid-
ens where it runs through less resistant overlying Cretaccous
rocks. A short distance below the Russcl]l ranch the valley again
cuts into the lower resistant limestone, which has here become
thicker, and then falls to the level of the Rio Grande in a series
of preeipices interrupted by rock terrace flats of the more re-
gistant limestone layers. The top of the Fredericksburg-Wash-
ita forms a very pronounced terrace-bench one-half mile wide
at the junction of Maxon and San IPrancisco erceks.

The Rin Grande canyon in the Vegas (Plate VIIb) is about
1250 feet deep, the lower 450 feet being of less resistant lime-
stone and marls of the pre-Edwards Comanchean. On top of
the upper surface of the heavy Wredericksburg-Washita lime-
stone, back f{rom the river, are old shallow valleys which are
hanging over the canyon walls, not having been able to cut their
courses down to the level of the Rio Grande, and which, consec-
quently, probably antedate the latest deformation. If so, tne
old erosion surface seems to have reached the stage of middle
old age. At the mouth of the San Francisco, the Rio Grande
hag a narrow tortunous box canyon cut in Fredericksburg-Wash-
ila to a depth of at least 800 feet. At the bottom is barely space
for the river water to pass; at the top the canyon is not more
than one-fourth mile across from wall to wall. The south can-
yon wall is a sheer cliff of heavy-bedded limestone. These are
typical conditions for all the eanyons of the Rio Grande.
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In the distance of a mile and one-half above the mouth of San
Franciseo Creck, a downfold brings dewn the upper surfacc
of the Fredericksburg-Washita a full 200 feet.

The Sierra Del Carmen

The gencral trend of the Texas portion of the Sierra del Car-
men is south-southeast The northern end of the range lies east
of and in en echelon arrangement with the southern end of the
Santiago Range, the two ranges being separated hy a low, broad
synecline of the Fredericksburg-Washita. The backbone range
of the Texas portion of the Sierra del Carmen is the Sierra del
Caballo Muerto, which is the longest and highest of the indi-
vidual ranges and the onc which extends farthest to the north-
west. The Sierra del Carmen in Texas consists of cight fault
blocks of west-southwestward-tilted Edwards-Georgetown lime-
stone downthrown to the cast in a sevies of step-faunlts. (Plate
VI, Nos. 20 and 21, Plate Vb and Plate VIIa). All these fanlt
blocks are located on the east flank of the greal domical uplift,
the west flank of which is a very sharp downfold into the broad
synelinal area of the Chisos country.® The latter is a portion
of the great synelinal arca west of the Cordilleran Front Range,

The block or upthirust faults begin at the north in en cchelon
arrangement, the one at the cast base of the Sierra del Ca-
ballo Muerto (Dead Horse Range) being farthest to the north-
west, the next one to the east at the cast basc of the Sierra Larga
being next farthest northwest, and the second succecding one
to the east being farther southeast. All pass to the northwest
into low folds of strata and die out in the structural basin of
Maravillas Creek above the canyon. The faults first run for
about two miles in a S 50° E direction and then turn more
towards the south.

In a direction S 30° I of the north summit (Sue Pcaks, 5630
feet) of the Sierra del Caballo Muerto and acrogs the Rio Grande
in Coahuila, is a magnificent scarp of Fredericksburg-Washita
limestone certainly not less than 1500 feet in height and running

*Udden, J. A., A Sketch of the Geology of the Chisos Country, Brew-
ster Qounty, Texas. Bull, Univ. of Texas, No. 93, 1907. Scientific Ser.
No, 11.
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very nearly north-south. Southeast of this perhaps ten miles
may be scen the top of a cousiderably higher scarp. 'The strata
in the first-mentioned are tilted either easterly or northeasterly
and the downthrow is on the west side of the secarp. This scarp
first makes a broad re-entrant gulf to the east and is then again
seen swinging westward far away in a S 20° E direction. West
of this scarp is a broad basin dotted with a few rather low hills
and mountains. Hast of the tilted block is a rather constricted
synelinal area in which some sharp-peaked dark-reddish igneous
masses outerop. In the Coahuila portion of the Sierra del Car-
men across the Rio Grande the faults are on the west flank of
the structural axis, with scarps facing west and downthrows to
the west-southwest, At Boquillos Canyon, where the Rio Grande
erosses the Sierra del Caballo Muerto and where the river crosses
ITubert Ridge in another canyon, the downthrow on the Coahuila
side of the river is still to the cast and the dip of the strata to
the westward.

In the Texas portion of the range the prevailing dip is west-
southwest with the rise in the strata accomplished by upthrusts
or block faults with downthrow to the cast-northeast. A short
distance south of the Rio Grande the faults change from the cast
to the west flanks, At the south end of the Sierra del Carmen
in Coahuila Dr. E. Bose reports that the faults pass into anti-
elines, just as they do at the north end in Texas. So a clear
conception is afforded of the cssentially broad and elliptieal
domical nature of the Sierra del Carmen as a whole, the ‘‘struc-
tural high’’ of the dome, as far as known, coming a short dis-
tance south of the Rio Grande. North of this ‘“structural high’’
the faults have their downthrows to the east on the east flank
and south of it to the west on the west flank. On the higher
part of the strueture, where the delormation was most intense,
the very compeient, massive-bedded Frederickshurg-Washita
limestone has yielded 1o the folding by fracturing, along the lincs
of which great upthrust Taults have been formed.

The two most striking physiographic features of the Sierra del
Carmen are the remarkable siraight, precipitous and scarcely-
dissected fanlt searps (Plate VIla), and the antecedent canyons
both of the Rio Grande (Freuntispiece and Plates Vb and VIIb)
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and some of itg tributaries across these scarps. These tributary
streams are mainly beeoming adjnsted to the structure by shift-
ing their courses down the west-southwestward dip of the strata
nearer and nearer to the base of the fault scarps. Most of them
probably occupy real structural valleys formed during and alter
the faulting, however. The adjusted streams are prevented from
reaching to the very bascs of the fault scarps by the debris ae-
cumulating there, of which the supply is too great to be removed
by the strcams as fast ag it acecumulates. Their tributaries for
the most part flow west southwestwardly down the structural
slopes, and are therefore consequent to the strueture of the latest
deformation. Wherever the Rio Grande cuts across the resistant
limestone of one of these fault blocks its rate of downcutting is
lessened, permitting the formation of a transient local base-level
upstream. In these areas of local base-level, the bolson debris
deposits are accumulating. The greatest of the bolson plains
extends outward to the north, northeast, east, southeast, and
south of the base of the Chisos Mountaing west of the Sierra del
Caballo Muerto, but a fine example of onc of these della-formed
alluvial fans is found at the mouth of Heath Creck at the east
foot of Hubert Ridge.* Along the adjusted drainage courses
between the fault blocks are fine examples of alluvial torraces.
The highest system of alluvial terraces along lower Stillwell
Creek and along the Rio Grande at its mouth is 40 1o 50 feet
high and a lower series is about 10 to 15 feet high. The debris
is often cemented with caliche. The cutting of these terraces
either marks more rapid stages in the down-cutting of the lime-
stone barriers in the canyons, or stages of intermittency in up-
Lift.

The consequent streams cut narrow V-ghaped valleys below
the generally even surfaccs of the top of the Ifrederickshurg-
‘Waghita which slope west-southwestward toward the struetural
or adjusted drainages. Most of these surfaces arc still even and
undissected by erosion. Henee the topography is still in the
stage of early youth.

An antecedent valley crosscs the fanlt scarp of the Sierra
Larga in a deep and narrow canyon about one and one-half

#*These and other physiographic features are finely shown on the
Chisos Mountaing Topographic Sheet of the U. 8. Geological Survey.
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miles south of the northern margin of the Chisos Mountains.
(Topographic Sheet.) Heath Creek, which rises on the easlern
slopes of Sue Peaks in the same structural valley as Ernst Val-
ley, erosses both the Sierra del Caballo Muerto and Hubert Ridge
in antecedent ecanyons.

Short hanging valleys of recent development hang over the
walls of Boquillas Canyon, not being able to excavate as fast as
the more powerlul percnnial Rio Grande. These arc very much
shorter than the hanging valleys of the canyons between Reagan
Canyon and the mouth of San Franeisco, which are considered
10 be at least in part, valleys of the former crosion cycle.

The Marathon Hrosional Basin

The present Marathon Basin occupies the site of a former
broad arch covered by Comanchean rocks, which have been
nearly altogether removed by later erosion which has exposed
the closely folded Paleozoic rocks lying beneath the Cretacecous.
The axes of folding in the Paleozoic rocks arc directed at right
angles to the axes of the latest deformation.* )

The three most conspieuous topographic features of the Mar-
athon basin are: (1) the long, jagged strike ridges of the
Caballos novaculite, (2) the arca of lowland of the Pennsyl-
vanian formations in the syneclinal areas, completely surrounding
the Cabalios novaculite ridges; and (3) the bounding cscarp-
ment of outwardly-dipping Comanchean or Permo-Carbonifer-
ous rocks encireling the Marathon basin of erosion. In the east-
ern and northeastern portions of the basin the Tesnus forma-
tion, which elsewhere forms lowlands, makes up a number of
hills either still capped with remnants of the Comanchean or
from which the cap of the Comanchean has been lately removed
by erosion. The only resistant Pennsylvanian formation is the
Dimple limestone which forms strike ridges like the Caballos
novaculite,

The bounding cscarpment of Comanchean rocks is everywhere,
except in localities already noled in the Mt. Ord and Santiago

*Udden, J. A. A Sketch of the Geology of the Chisog Country, Brew-
ster County, Texas. Bull, Univ. of Texas, No. 93, 1907, pp, 76-78, and
87-89.
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ranges, an escarpment of erosion. Portions of the Permo-Car-
boniferous limestone cscarpment of the Glass Mountains both
cast and west of Iron Mounlain much resemble fault scarps in
their long, straight and stecp fronis, An examination of siruec-
ture and stratigraphy proves that there are no faults here. The
physiographie cvidence is also fairly conclusive. The strike
of the strata in the searps is parallel with the direction of the
scarps and at no place does the line of the cscarpment front cut
the strike of the strala at an angle. The dip of the strata is
always at right angles to the face of the scarp and in the oppo-
site direction from that toward which the escarpments face.
The small gullies dissecting the secarp faces, although having
very steep gradients becoming even vertical when hard layers
are crossed, are not in any sense hanging valleys. They owe
their characteristics entirely to erosional features in rocks of dif-
ferential hardness. The scarp lying between Iron Mountain and
the first lower hogback of the Permo-Carboniferous cast of Iron
Mountain is remarkably straight, stcep, and even-contoured,
being for a considerable distance not even dissected by gullies.
It has been cut in a rather thin-bedded, remarkably homogeneous
limestone, apparently everywhere offering the same degree of
resistance to erosion. The angle of the escarpment slope is too
steep to permit the lodgment of coarse loose rock fragments. So
only the fincr rock material is afforded as tools for the water
flowing rapidly down the slopes in times of rainfall, As in
all these cuestas the divide between the top of the escarpment
and the dip slopes is sharp and ridgelike. On such an cscarp-
ment, slope as this there is no chance for drainage lines to de-
velop.

On the ecastern and norvtheastern sides of the basin low wind-
gaps in the Comanchean rocks are the sites of divides hetween
consequent drainage down the dip slopes and drainages {forming
emhayments in the searp and tributary to the streams of the
Marathon Basin, Within the basin the vallevs are gencrally
broad and alluviated and the hills and divides in the less resist-
ant rocks are low, infrequent, and well-ronnded.  The lower
slopes of the hills, crosion escarpments and vallevs arc mantled
with alluvial debiis, cften cemented with caliche, espeeially he-
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low a few inches bLemeath the surface. The alluvial debris is
dissected into benches and terraces along the main present drain-
age conrses. At no place is the alluvial covering of any eonsid-
erable thickness. Oeccasionally low ridges are formed by the
outerops of igncous gills and dikes. Very often the drainage
channels have eut into the anderlying bed rock, although the
valley slopes are mantled with alluvium, The heads of both the
San Francisco and Maravillas crecks ave broad alluviated flats.

On the west side of the basin the western tributaries of the
Maravillas exhibit similarity with those of the enclogsed basin
arcas of the (treat Basin, They head as canyons or gullies in
the Comanchean escarpment, exhibit a sudden decrease in gia-
dient when they enter the debris slopes at the escarpment base,
cut deep, steepwalled trenches with few lateral tributaries in the
helerogencons materials of the dehris fans, and lower down
spicad out in hroad, almost imperceeplible channels in the finer
materials bevongd the foot of the deb.is slopes. They resemble
in all respeels the drainage channcls (rossing the alluvial fans
in the Chisos country, so well deseribed by Udden® that another
deseription is nol necessary heve. Ilere as well as in the Chisos
conntry they are to be explained in the same way. Formation
ol local base-levely is responsible for their characteristic feat-
ures.

The broad Aat south of the Miller ranch and north of Bee
Cave Tank and Black (lap, crossed hy the road between Mara-
thon and the mouth of Stillwell eanyon, is bounded by low allu-
vial benches from ten to twenty feel in height, The flat is from
one to three miles in breadth and drains northward to the Mar-
avillas. It lies in an area of structural downfolding. The
benehes, some of whieh are found in the middle of the flat, are
remnants of a former epoch of alluviation, sinee which time {he
inner fat has been ent heneath their levels. A number of such
flats are Tound in other portions of the basin.

The Maravillag cuts short gorees at two places through the
Caballos novaeculite ridges near their western ends. The San
Tranciseo also ents a gorge through the Dimple limestone along

"Udden, J. A. Sketch of the Geology of the Chisos Country, Brew-
ster Conntly, Texas., Bull, Univ, of Texas, No. 93, 1907.
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the line of the Southern Pacific between Warwick and Haymond
within one and one-half miles of the south end of a syncline.
Farther southeast it again cuts through the Dimple on the
southeastern limb of ithe anticline just southeast of the syneline.
Since the tributaries of the Maravillas and San Francisco have
generally become adjusted to the structure and flow either in
strike valleys or the axes of anticlines, it iy most probable that
those portions of the valleys of the {wo major drainages where
ihey cut gorges across the strike of the resistant rocks are super-
imposed. At a former fime these streams flowed on the Com-
anchean rocks and upon cutting threugh them encountered the
most resistant Palcozoic rocks of different strueture lyine un-
conformably beneath the Comanchean. Were the Maravillas
and San Francisco consequent or entircly adjnsted streams,
their courses would have passed around the cnds of these ob-
structions. But they are in reality antecedent-superimposed
strecams.

Canoc-shaped anticlinal valleys are developed in the two anti-
clines exposing upper Cambrian east of Comb’s ranch, and
south of Peha Colorado Creek. The longitudinal valleys head
at opposite ends of the clliptical anticlines, flow toward each
other, meet near the center, and drain toward the north throngh
deep and narrow gaps in the resistant Maravillag chert. The
drainage basins are cui in the litlle vesistant upper Cambrian
mueh crumpled shales and sandstones, rimmed in on all sides
by an elliptical ridge of Maravillag ehert. The region exhibits,
however, both anticlinal and synelinal valleys and ridges alike,
the topography of the Marathon Basin avea being the resuli of
the differential resistance to erosion of the various roecks out-
eropping, rather than caused direetly by deformative processes.

The long strike ridges of the Caballos novaculite of the anti-
clinorial areas have low steep, jagged outlines, bare of arboreal
vegetation.  Clothe themn with a thick forest covering and they
would present all the charaeteristies of the Ounachita Mountains
of Arkansas and Oklahoma. But in their setting amidst {he
grander features of Trans-Pecos Texas they must be regaided
as mountaing in miniature, resurrected of late to a mere shadow
of their one time glory hy the [ortuitous eireumsiance of being
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denuded of the mantle accumulated upon them by the sea, which
had formerly entirely buried their ancient summits,

South of the line of the Southern Pacific are four well-defined
groups of the northeasi-southwestwardly trending ridges of Ca-
ballos novaculite. In more detailed work these would be raised
to the dignity of separate sub-ranges. At the northeastern end
of the second ridge series south of the railroad is Caballos or
Horse Mountain, their highest summit. North of the railroad
the novaculite ridges are lower and of less importance.

Next in importance to the Davis Mountains in this respeet,
the Marathon Basin is a fairly well-watered portion of the
Trans-Pecos desert. The complicated folded structures of the
bed rock is such that it does not appear to allow the ready trans-
portation of the water away from the region. Often, also, as
in the Pefia Colorado valley between the site of old Fort
Pefla and Comb’s ranch house, in the headwaters valley of the
San Francisco and between the northern Santiago Range and
the Maravillas Creck, ground water of fairly good quality is
found in the alluvial mantle. As the alluvium in these local ties
is generally underlain by the Tesnus formation, it scems likely
that fracture spaces, which arec quite abundant in the britle
sandstone in this formation, musi be filled with ground water.

Ordinarily there is no continuous stream running in the upper
drainage course of either the Maravillag or the San Franecisco.
‘Water runs for short distances or stands in holes over bedrock
surfaces or wherc the alluvial mantle is very thin. At other
places it sinks into sands and gravels, appearing sometimes at
the surface farther down stream where bedroek again rises to
the surface of the channel. When these streams enter the Coman.
chean limestones, the water disappears, being carried away to
other regions by the limestones. In time of excessive rainfall
the streams may flow for a short time throughout their courses.

The springs of the Marathon basin generally oceur at those
places where drainage channels cut down into the bedrock and
permit the ground water accumulated in the alluvial mantle to
seep or flow out at the junection of mantle and bedrock. The
ground water at the outer periphery of the basin iy constantly
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being lost through seepage into the outward-dipping limestones.

The bounding escarpment of the Marathon basin, which is in
a youthful stage of evosion, ig in physiographic unconformity
with the lower-lying interior of subdued 1'61103?, which is in an old
age stage of erosion. This physiographic unconformity is caused
by the superior resistance of the rim rock limestones under preva-
lent climatic conditions, These limestones will, we have already
seer, persist in steep rugged escarpments under unchanging
climatic conditions until near the end of the present cycle of
erosion operating in the Marathon Basin. But the escarpments
will gradually become lower and lower and the areas of escarp-
ments and cuestas gradually become less and less. However,
since the base-level now controlling the physiographic develop-
ment of the Marathon Basin is a local base-level, brought about
by the resistant Edwards-Georgetown limestone where it is
crossed by the Rio Grande and all its tributaries, it is apparent
that the present cyele of erosion will never be hrought to auy-
thing like a completed stage. In fact, the testimony of the allu-
vial terraces in the Marathon basin and along the Rio Grande
shows that a transitory series of successively lower and lower
base-levels is being developed. Iivery important tributary drain-
age has its own local base-levels, while the development of the
tributary drainage as a whole is dependent on the local base-
levels developed along the course of the master stream, the Rio
Grande. The Rio Grande, possessed of a permanent supply of
water and abundant supply of sediment as tools for corrosion,
may be expected to eut down its resistant rock barriers at a
greater rate than any of its tributaries, which are relatively
weak, cspecially in the matter of water supply. The local base
levels are therefore likely to persist longer along the tributary
streams than along the Rio Grande and in the upper courses
than in the lower courses of the tributaries. But of course all
the barriers to down-cutting of strecams are not equally resistant.
The less resistant ones will be removed faster than the more re-
sistant. Ultimately and far in the future, unless renewed wuplift
or change of climate takes place, the entire region will come
under the influenee of the final and lowest base-level of all, the
surface of the water in the Gulf of Mexice, and a general pene-
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plain of the entire region would finally and very slowly be de-
veloped.: Above the general level of erosion remnantal masses of
the more resistant rocks will rise until very late in the old age
stage of the erosion eycle.

The ridges of resistant Caballos novaculite in the Marathon
basin will also persist as topographic prominences until the land
surface has been worn very low and reduced nearly to a general
level.

The Marathon basin has reached a stage of physiographic de-
velopment considerably more advan¢ed than any other portion
of the Front Range region. This immediately raises the question
whether the Marathon dome is not an older strueture than thoge
found in other portions of the Front Range. Although it can-
not definitely be asserted that the Marathon dome was formed
at the same time as the Sierra del Carmen, Davis Mountains, and
the Mt. Ord and Santiago ranges, there are several considera-
tions which render it probable that it was contemporaneous with
the formation of these ranges.

The Edwards-Georgetown limestone, to the superior resistance
of which much of the youthful condition of the topography in
the Sierra del Carmen, the anticlines east of the Sierra del Car-
men, and the great trenches of the Rio Grande and Pecos rivers,
must be attributed, is much thinner about the rims of the Mara-
thon basin than farther south where this limestone, probably
ineluding also both the Del Rio and Buda, rcaches a thickness of
some 2,000 feet along the Rio Grande. Also, it should be recalled
that a number of antecedent streams continued to erode the Mar-
athon dome from the time it first began to be uplifted until the
present. Also, the Marathon dome is the largest of all the single
structures of the region and hence had a greater supply of water
available for purposes of erosion than any other single strue-
tural unit. When the capping of the Edwards-Georgetown
limestone had once been cut through, subsequent erosion of the
underlying lower Comanchean and Paleozoic rocks was easy and
rapid. The erosion of the latter aided much by its undermining
effects in the removal of the overlying Edwards-Georgetown.
Finally, it is possible that a considerable part of the Edwards-
Gleorgetown onee capping the Marathon dome may have been
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removed in the previous eycle of erosion before the last deforma-
tion began. Or the Marathon basin may have been subjected
to an earlier doming either near the end of the upper Creta-
ceous or sometime during the Tertiary. DBut at any rate it
seems most probable that the doming most apparent today oc-
curred during the later deformation, for the Mi. Ord and San-
tiago ranges are really the western flanks of the Marathon dome
and their structures, viewed by the evidence of their physiog-
raphy, are of late date.

The Date of the Latest Deformation, .

Since there are no Tertiary deposils known in any part of
Trans-Pecos Texas and it is now reasonably certain that only
small areas, if any at all, will ever be found, it is not possible
to date the latest deformation by stratigraphic evidence. The
youngest rocks which have been deformed are the voleanics of
late Cretaceous or very early FKocene age. All the evidence given
by stratigraphy, therefore, is that the latest deformation oc-
curred sometime during the Cenozoic.

Throughout the entire southwest, from the Pecos River west-
ward until we reach the Coast Ranges of California and from
the 35th parallel of latitude southward to far beyond the Mexi-
can boundary, as well as throughout the Great Basin region of
Utah, Nevada, and California, no marine strata later than Cre-
taceous are found. However, terrestrial strata of a number of
Tertiary periods are found in Nevada and California, In vari-
ous places in the Great Basin region of Nevada and California,
Miocene, Pliocene, and even Pleistocene strata are folded and
faulted in the later deformations of the mountain ranges.

Climatic conditions in the Great Basin of Nevada and Cali-
fornia are very eomparable in kind with those of the ranges of
Trans-Pecos Texas. In amount the precipitation in the lowland
areas of the Great Basin is less than in the lowlands of Trans-
Pecos Texas. On the other hand, a notable proportion of the
mountain groups of the Great Basin have higher altitudes than
those of Trans-Pecos Texas, and if we except the Mohave and
Colorado desert areas of lower ranges, it is Iikely that the aver-
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age precipitation on the mountain areas of the Great Basin is
not far different in amount from that on the lower mountains
of Trans-Pecos Texas. JIn both regions we can consider
physiographic evidences of age of the latest deformation only in
the mountain areas, for the lowlands of the Great Basin have
no outlets to the sea and hence are covered quite gencrally with
comparatively recent deposits, sometimes to great depths, while
in the portion of Trans-Pecos Texas we are considering, recent
deposits on the lowlands are relatively subordinate, as all of the
region has exterior drainage to the ocean. The rocks of the
Great Basin mountains are also of the same nature as those of
Trans-Pecos Texas. Both regions have consolidated sedimentary
rocks of varying degrees of resistance, large areas of lava flows
and tuffs, and of intrusive igneous rocks,

Now, under conditions in every respect essentially similar, the
degree of physiographic development in the Great Basin and in
Trans-Pecos Texas mountains is the samne. Ience it appears to
be a sound conclusion that the mountain ranges of both regions
came into existence about the same time. We can definitely date
the latest Great Basin deformation at about the end of the
Pliocene, eontinuing into the Quaternary.

The canyons of the Rio Grande, Pecos, Maravillas and San
Francisco, no matter how great the resistance of the rocks out
of which they are cut, no matter what climatic conditions they
have undergone, could not have preserved their extremely youth-
ful aspect during anything like the entire Cenozoic or even a
large fraction of the Cenozoic. The fault scarps in the Sierra
del Carmen are too little eroded to have persisted for a large
fraction of Cenozoie time. Angd the anticlinal folds of the Davis
Mountaing and east of the Sierra del Carmen are too little eroded
and the existing drainage courses show too little amount of
adjustment to structure to have come into being in the earlier
Tertiary.

The Lafayette formation of Texas containg a large percentage
of gravel which must have ecome from the western mountains.
The Lafayette unconformably overlies at one place or another
practically every older formation in Texas. In age it has been
supposed to be Pliocene, but no definite paleontological evidence
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is yet at hand. In southwest Texas the Reynosa equivalent of
the Lafayette unconformably overlies Upper Pliocene Liagarto
strata. So far as yet known, the Lafayette may prove to be in
part or in whole Pleistocene. However that may be, the Lafay-
ette epoch ushered in a new change of conditions throughout the
Texas region, when a period of erosion was ended by the de-
position of the Lafayctte sediments. A part of the Lafayette
sediments came from the western mountains and the supply of
this portion was furnished by an uplift of the western moun-
tains either contemporaneous with or immediately previous to
the beginning of the Lafayette epoch of deposition.

So we may fairly safely conclude that the latest deformation
of the Cordilleran F'ront Ranges of Trans-Pecos Texas occurred
at or near the close of the Tertiary. The deformation belongs
to the diastrophic epoch named by Joseph Le Conte, the Sierran,

Ezxplanation of Structures Produced by Laotest Deformation.

The structures formed by the latest deformative movements
range all the way from broad gentle folds in the Davis and
Barilla mountains and east of the Sierra del Carmen and broad
domieal uplifts broken with upthrust or block faults on one or
both flanks in the Delaware-Guadalupe mountains and the Sierra
del Carmen to overturned folds and overthrust faults in the Mt.
Ord and Santiago ranges. Sinee the block or upthrust faults lie
on the west flank of the Delaware-Guadalupe mountains, the over-
turned folds and overthrust faults of the Mt. Ord and Santiago
ranges lie on the southwest flank of the Marathon dome, and the
steepest dips in the Sierra del Carmen are also on the southwest
flank, it is apparent that there was a tendency either to an over-
thrusting from the east and northeast towards the west and
southwest, or to an underthrusting in the opposite direction.

Evidence has already been presented to show that the present
surface rocks in all the Front Ranges of Trans-I’ecos Texas were
also the surface rucks at the time the latest deformation began
This is in itself an evidence of the relative recency of the
deformation. Tt also permits us to learn how surface rocks de-
form under diastrophic movements and pressures. How a given
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rock formation will deform depends on three factors: (1)
the strength of the deformative forces; (2) the resistance of the
rock mass to the deformative forces; and (3) the load of super-
ineumbent rocks over the rock formation which is being de-
formed. A thick and well-consolidated rock formation is rela-
tively resistant to deformative forces and is known as a ‘‘compe-
tent’’ rock formation. In our region the surface rocks in the
mountain areas are all competent and had no load of super-
incumbent rocks at the time of the latest deformation. The
structures formed are all of rather gentle type and hence the
deformative forces were probably of only medium intensity.
The thick and solid lava flows in the Davis and Barilla moun-
taing were deformed in gentle anticlines and synelines. The de-
formation there was relatively gentle, as shown by the gentle
nature of the folding and by the fact that the Comanchean rocks
there have been uplifted to lesser heights than in the other Front
Ranges. The heavy lava flows appear to have yielded to the
deformative forces by the extensive development of jointing.
Such a competent rock as the lava, without any superincumbent
load, could yield only by jointing, which under more intense
deformation would have passed into tensional faunlting such as
took place in the Sierra del Carmen. The Delaware-Gua'dalupe
dome can be conceived as a broad structure developing, because
of a tangential thrust from the cast, with steeper dips on its
western flanks. The greater stretching of the competent Dela-
ware Mountain and Capitan limestones on the western flanks
of the dome permitted the development, as deformation went
on, of upthrust or ‘“block”’ faults of great displacement. Had
the tangential thrust from the east been even more intense the
upthrust fault would have passed into an overthrust and the
Delaware Mountain and Capitan strata would have been over-
thrust to the westward over the Sall Basin. Such overthrusting
has actually oceurred along the western flanks of the Mt. Ord and
Santiago ranges. In thesc ranges the Edwards-Georgetown lime-
stone is less thick and consequently less competent than the same
strala in the Sierra del Carmen or the lava flows in the Davis
and Barilla mountains. Consequently the resistance to deforma-
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tion offered by the surface rocks was less in the Santiago and
Mt. Ord ranges than in the other mountains and overthrusts
could there be developed under conditions of less intense deform-
ation than in the other ranges. The Comanchean rocks may
have slid westward along the contact with the underlying steeply-
folded Paleozoic strata.

Upthrust faulting is developed on perhaps as great a scale
in the Sierra del Carmen as in any of the ranges of the Western
Cordillera of North America. The broad domical structure of the
range is unsymmetrical in that the southwestern flanks have
the steeper dips. The great upthrust faults occur on both
flanks as well as along the summit of the structural axis. The
very competent Comanchean limestone is 2,000 feet in thickness
and when arched at the surface could deform only by the forma-
tion of tensional faults parallel with the longer axis of the fold-
ing. ‘When once the breaks in the strata had been brought abous
by the deformational stresses, it was comparatively easy for
movements of displacement to take place along the lines of least
resistanee of the breaks. If the surface rocks in the Sierra del
Carmen had been comparatively non-competent the sites of the
faults would have been the sites of minor anticlines making up
i tolo an anticlinorium instead of the present domical strue-
ture. Non-competent strata underlying the surficial competent
strata, and with the load of the surficial strata upon them, have
probably been deformed by folds. The four long anticlines eas!
of the Carmen Range, the superficial rocks of which are of Fred-
ericksburg-Washita age and of competent nalure, have been de-
formed into folds by a series of breaks of small disnlacement
running parallel to the longer axes. The deformation there on
the cast flanks of the Front Range was less intense than farther
west in the main Front Range, and the surficial rocks yielded
by the development of a series of very small step faults.

The Cordilleran Front Range is essentially formed by three
Yarge domes with greatest dips on the western and southwestern
flanks., Named in order from mnorth to south these are the Dela-
ware-Guadalupe, the Marathon, and the Sierra del Carmen
domes. The greatest amount of uplift was at the north in the
Guadalupe Mountains and increases northward in New Mexico.
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The amount of uplift gradually decreases to the southeast, to-
ward the Rio Grande. The average width of the Cordilleran
Front Range, including subsidiary structures to the east, ranges
from 40 to 50 miles. In the region between Alpine and Fort
Dayvis, the Front Range strueturally either does not exist or
the latest deformation has been there less intense than elsewhere.

Summary of Chief Geologic Events

1. .Marine deposition of Upper Cambrian and Lower Ordovi-
clan,

2. .Withdrawal of the sea and subaerial erosion.

3..Marine deposition of Trenton and Fernvale-Richmond in
Middle and Upper Ordovician times.

4, . Withdrawal of the sea and subsequent erosion.

5..Deposition of radiolarian cherts of the Caballos novaen-
lite.

6. .Erosion.

7..Deposition of Tesnus, Dimple, and Haymond in early and
middle Pennsylvanian time.

8. .Hercynian epoch of diastrophism: formation of the Oua-
chitan mountain ranges of the Marathon basin in mid-Penn-
sylvanian time, accompanied and followed by wreaf crosion.

9..Resubmergence .bencath the sea and deposition of the
Gaptank formation in Upper Pennsylvanian time.

10. . Erosion.

11. .Marine deposition of thick series of Permo-carboniferons
strata interrupted by two epochs of erosion.

12..Dcformation by gentle folding.

13. .Long epoch of sub-aerial erosion during the first part of
the Mesozoie. ’

14. .Gradual advance of Comanchean Cretaceous sea over the
region from the south and marine deposition eontinuirg until at
least Pierre Upper Cretaceous time.

15. . Folding and faulting in northern part of region, aceom-
panicd and followed by erosion.

16..0utbreak of voleanic activity in late Cretaceous-early
Eocene beginning with outflow of basalt, followed by rhyolite,
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- and concluded. with: trachyte and phonolite.

117. . Long-continned ‘sub-aerial erosion .during most or all of
-Tentlary, time, i

18..Formation of -the present monntain ranges by folding and
faulting near. or at the. close of the Tertiary. '

19. . Widegpread erogion. of Pleistocene and Recent time.

/A

/



Plate 1la

Ordovician-Maravillas formation at its typical locality in Maravillag Gap

Plate 1b

Banded cherts in Rough Creek gshale member of Tesnus formation. Type
locality on Rough Creek



Plate 2

Photomicrographs of Radiolaria in Santiago Chert
(Magnified 50 times,)



Plate 3

DIMPLE

Sketch sections of Hercynian folding in the Marathon Basin.
The members give locations of sections on geologic map



Plate 4a

Elephant Mountain, a mesa of trachytic lava

Plate 4b

Southwest face of Iron Mountain showing weathering of intrusive
syenitc-porphyty by exfol ation and along nearly
vertical joint planes



Plate ba

Summit ridge of Santiago Range, composed of sharply folded
Fredericksburg Comanchean limestone

Plate 5b

Rio Grande river entering a canyon in westwardly-tilted fault block
just east of the mouth of Stillwell Canyon



Plate 6
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Plate T7a

Fault scarp of later Comanchean limestone forming east side ot
Sierra larga, Sierra del Carmen

Plate b

Widening of Rio Grande valley in the Vegas, showing alluvial
terraces. Bluff walls arc of later Comanchean
limestones



Plate 8a

Caballos Mountain ridges of Caballos novaculite, looking south
75 degrees wesl from the summit of Caballos Mountain,
Elephant Mountain is on the horizon to the left.

The outcrop in the foreground is
Caballos novaculite

Strike ridges of Hercynian folding in the southeastern part of the
Marathon Basin, View looking north 20 degrees west from
suminit of Caballos Mountain directly toward
Altuda Mountain. The light colored
outcrops are Caballos
novaculite
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