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r='~<"th:~se ':~~:::: aanouncemeot i.< ! 
made of the death of Dr. William B. Phillips at his 

horne 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. Whatever prestige the present 
Rureau 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 71wmbers of this Bureau, past and 
present, keenly feel, in his untimely departure, the 
loss of aikind friend and of a strong supporter of 
scientific work. This issue is dedicated to his 

memory. 
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NOTES ON TIlE GEOLOGY OF THE GLASS MOUN'rAINS. 

BY J. A. UDDEN 

INT'lwnCCTORY. 

The Glass Mountains is a designation given to a hilly and 
mountainous belt running in a direction from northeast to 
southwest for a distance of about 24 miles, extending from 
Altuda and Lenox on the Souther)) Pacific Railway across and 
beyond the boundary line between Brewster and Pecos Counties 
to near the main highway betwecn Sbddon and }lal'athon. '['he 
belt is from six to fifteen miles III width. 'rhe Glass Mountains 
have a gentle slope to the northwest, Il'hich is a dip slolJe. and 
have abrupt, but b2'okcn, l'1'09ion cliffs to th(~ southeast. 
Drainage is from the crest of the monntains in bllth dircetlOlls. 
There arc two canyons which run from the northeast to the south­
west, nearly ael'OSS the mO\1lltains. These arc known as the Gil­
liam and the Hess canyons. '1'he Gilliam canyon is fairly open 
and is tl'nvel'f'ed by a vYaQ,Ol1 road across the mountains. The 
HCRH canyon, Rome six mile;;; cast of Gilliam canyon, is narrow 
and at one point almogt impassable 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 paleozoic structures of Appalachian type and age, 
which havo been revealed by the erosion of the Cretaceous sedi­
ments that probably once imbedded them." He notes the di­
reetion of the ridges resulting from the folding and erosion of 
the Pal eozoic terranes and recognized in these features a true 
mountain structure.'!' 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 

* J<'olio 3, page 4, U. S. Geological Survey . 
. t"The town of Marathon lies neal' the center of a triangular plain, 

which extends for about fifty miles to the northeast from the Ord 
range. Against this range the plain abruptly terminates on the west. 
On this plain the Cretaceou's sediments have been entirel1y removed 
and the ancient floor, on which these were laid down and which they 
once covered, is now bared. This fiool' consists of sharply folded 
and highly tilted strata of PaJaeowic sediments. All around the 
plain the slightly raised edges of later sediments form a well-marked 
eHcarpment. The folds of the older strata trend in a northwest­
~outheast direction and extend the whole length of the pJain. They 
exhibit such regularity and persistency of direction that they have 
all the appearance of being a small part of an extensive Lmountainl 
system. Theil' axes point on the one hand straight to the Solitario 
uplift, which is forty miles distant to the southwest, and which 
exposes similar sediments, underl1ying Cretaceous strata, folded in 
nearly the same trend, In the opposite direction the folds point 
towald the Ouachita system of mountains in Oklahoma. 

"While there is probably no continuity between the Caballos foldR 
and the Ouachita system there seems to be good ground for the belief 
that they were made al the same time. '1'he Caballos ridges were 
made and cut down by el'o,1ion during the time which elapsed be­
tween some period (probably the late 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 Jurassic deposits elsewhere. 

"It was after the Caballos 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 structure of the Marathon plain were like those appearing 
in the Solitario uplift, nearly forty miles farther southwest, and 
that the folds in these 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 evidcnt th3:t this struc­
ture was largely developed before the end of the Permian age, 
and that it probably is the result of a progrcssive movement 
which decreasea 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
mations consist to a great 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 eroded to t110 stage of a hilly plain, 
while the flanking limestones rise to the hei.ght of low mountainB. 
The Glass Mountains consi.st 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.. It rises to a 

latest Cretaceous sediments, that the movements began which re­
sulted in the making of the Rock! mountains. 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 belt that has 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. Between 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 
faults, 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 fe'Ct above the 
Marathon plain, There is good reason to believe that the Glass 
Mountains are to some extent the result of differential erosion 
effected before Comanchean times, and that they rose for some 
time ahove the surrounding cmmtry in the Comanchean se-a. 

That mountain-making forces have continued long after Com­
anch€an 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. 

Stratig1'aphy 

In the order from below upward, the formations which go to 
make up the Glass Mountains are the Gaptank, the W olfcamp, 
the Hess, the Leonard, the Word, the Vidrio, the Gilliam, and 
the 'ressey. The maximum thickness of these formations is 
about n,640 feet, and 9,640 feet of these sediments arc evi­
dently post-Pennsyl vanian in age, as indicated below: 

Permian (?) and Permo-Carboniferous. 
Tessey ........... ,., .............................. 1,400 
Gilliam .... " ...... ,.............................. 740 
Vidrio . . ... ' ....................... , .............. 1,700 
Word ........................................ ,. (?) 1,400 
Leonard ... , ....... , .............................. 1,800 
Hess ................................ , ..... " ...... 2,100 
Wolfcamp ................................... , .... , 500 

Pennsylvanian. 
Gaptank .......................................... 2,000 

Before proceeding to define and describe these formations, I 
shall present some descriptions of natural sections that were 
measured in the course of the field work on which this account 
of the stratigraphy of the mountains is based. Most of these 
sections extend in a direction from north-northwost 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 neal' Altuda and ending 
with a section near Gaptank, on the Marathon-Stoekton road. 
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Oollections of fossils were made from many of the strata de­
scribed in these sections, but excepting the cephalopods, these 
have so far been but little studied. 'rhe 'Correlations which have 
been made are based in the main on lithologic characters and on 
a few of the main characteristic fossils. The lithologic distinc­
tions between the different formations are quite marked and 
some of the formations are separated by unconformities. No 
doubt more accurate correlations will be made when the existing 
faunas shaU have been mOl'e thoroughly explored and fuUy de­
scribed. 

In the descriptions of the rocks appeal'ing in these sections, 
a feature has been introduced which may appeal' out of harmony 
with established usage. The writer believes that observations 
on the microscopic strueture, 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 snch features were, of (~OUI'Sc, not made in the field, 
and may appear not called for, in the present text. To intro­
duce them in the sections seems to me the simplest way to place 
them on record, and their presence there is, perhaps, as proper 
as tlle introduction of records of fossils which may characterize 
individual beds that are encountered in the field. 

Section 1 

Section ot stmta sho1cn on the Slouthwest point of the main ridge 

ot the Glass MountainS!, beginning below, at a point about one and a 
hnlf miles southeast of A lt1Lda, ancl extencling north-northeast. 

Thickness 
in feet. 

1. Sandy fiaggy limestone............. . . . . . . . . . . . 10 
2. "\Vhite limestone, in which was noted a large Fusu-

lina, a Productus, a bryozoan, and \1 small Hustedia. 8 
3. Not exposed, probably shale.... . . . . . . . . . . . . . . . . 85 
4. White limestone in thick, irregular layers, and in 
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'l'hiclmess 

in feet. 

places brecciated. The upper part of the limestone 
forms a vertical cliff some sixty feet high. . . . . . . .. 239 

5. Thin-bedded, laminated limestone............... 20 
6. Somewhat thiek-bedded white limestone, indurated 

(from pressure?), dipping at high angles. Thick-
ness not known... . . . . . . . . . . . . . . . . . . . . . . . . . . . . ? 

7. Mostly limestone, dip very irregular and, higher up, 
reversed. Estimated at. . . . . . . . . . . . . . . . . . . . . . . . 70 

8. Gray limestone, somewhat thick-bedded. In this 
limestone were noted some poorly preserved am-
monoids, and a cyathophyllid. . . . . . . . . . . . . . . . . . . 30 

9. Gray limestone .............................. 65 
10. Thick-bedded white limestone.. . . . . . . . . . . . . . . . . . 55 
11. Sandy, thin-bedded limestone.. . . . . . . . . . . . . . . . . . 3 [j 
12. Shale....................................... 5 
13. Sandy, thin-bedded limestone ............... '" . 10 
14. 'Brown, sandy, thin·bedded limestone. . . . . . . . . . . . . 12 
Hi. Sandy, thin-bedded limestone. A crinoid stem and 

a cup coral noted in upper half. . . . . . . . . . . . . . . . . 33 
16. Hard, sandy, thin-bedded rock.. ................ 10 
17. Thin-bedded, yellow, sandy limestone, with some 

white layers. One thin section of this rock was seen 
to be oolitic and organic fragmental. It contained 
very little sand, a Trochammina, and many sponge 
spicules 

18. Hard, thin-bedded, sandy, and yellow limestone. In 
a thin section of this rock, the sand grains were seen 
to be angular and mostly from 0.1 to 0.2 mm. in 
diameter. This member is marked off from the 

16 

member above by a peculiar unconformity. . . . . . . . 22 
19. Limestone in apparently one single, structul'eless 

layer, in which a Fusulina and some bryozoa were 
soon ....................................... 60 

20. Thin·bedded limestone ........................ 21 
21. Thin-bedded limestone, in which a crinoid siem and a 

spine of a palechinid were noted. . . . . . . . . . . . . . . . 5 
22. Thin-be::lrled limestone.. . . . .. .. . . .. . . . . . . . . . . . 11 
23. A layer of peculiar lumpy structure............ 2 
24. Limestone in thin layers .................... '. . . 45 
25. A layor of white limestone.................... 1 
26. Thin-bedded limestone with a spine of an Archeo-

cidaris ..................................... 6 
27. Limestone in alternating thin and thick layers. . . . . 45 
28. Whito limestone showing a peculiar kneaded or 
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Thickness 

in feet. 

lumpy structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
29. White limestone ............................. 16 
30. One entire layer of light gray dolomitic limestone, in 

which a J<'usulina 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 

'1'he lowermost part, which measures more than 724 feet, from 
number 1 to number 18, indusive, is believed to include most of 
the Word formation. The total thickness 01 this section is un­
certain, owing to tlle existence of 11 fold and possibly of a fault, 
near the middle of this section. It is probable that the pres­
S11re causing this fold may have served also to thicken and to 
harden the rock, to have squeezed out some of the shale, and to 
have caused the ealcareou'l sandy beds to appear more like lime­
stone. The almost tola1 absence of soft and argillaeeous mate­
rial, known to characteri7,e theW ord formation farther east, is 
otherwise difficult to explain. The texture and the general ap­
pearanee 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 unmeasured part of the section, it consists of 67 pel' eent. 
of limestone, 20 pel' cent. of sandy limestone, or calcareous sand­
stone, and 12 pel' cent. of shale. 

The upper part 01 the section, from number 19 to number 
30, inclusive, in all 268 feet, clearly represents the Vidrio. At 
this point the formation shows more clear bedding planes than 
at points farther east. Spines of an Archeocidal'is were noted, 
as well as crinoid joints and a Fusulina. 

SecttOn 2 

A scction brginning at the root ot the ridge running 1wrtheast trom 

Lcnox, at a point about three miles northeast front Lenox, and ex­

tending 1w1'th 20 0 west to the CTost of the mass Mountains. (The 

sta,rt'ing point of t71 e seclvon is on lhe east side Of an arroyo running 

south past an outcrop of Caballos Novaculite.) 
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Thickness 

in feet. 

1. A conglomerate of mostly limestone boulders with some 
flint. The limestone boulders average from 2 to 3 inehes 
in diameter, range up to 2 feet, and are mostly rounded. 
They are evidently derived mostly from the Dimple and 
the Gaptank formations. The flint pebbles are smaller 
in size than the limestone boulders, and are less rounded, 
and consist of material from the pre-carboniferous roc],s 
of the region as well as from the Pennsylvanian. The 
conglomerate is firmly hera together by a Cemcnt of cal­
careous material, in which fossils are imbedded in some 
places. In this conglomerate occurs PTothallas8oce1-as 

WelleTi Bose.......................................... 35 
2. Oovered by talus...................................... 68 
3. Sandstone............................................ 4 
4. Ooncealed under talus ................................ 153 
5. Limestone conglomerate, with the smaller pebbles mostly 

of chert. In the matrix of this conglomerate were crinOid 
stems, a Hustedia, a cup coral, and some bryozoa. . . . . . . 68 

6. Shale, in part covered. Large crinoid stems were noted. 18 
7. Thick-bedded limestone, in part conglomerate, and in 

part an organic fragmental rock interbedded with shale. 
A large crinoid stem noted............................ 73 

8. Organic breccia interbedded with sandstone and shnle.. 17 
9. Mostly shale with sandy organic fragmental rocl\: above. 

A thin section of the latter shows it to consist .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. . . . . 40 

10. Shale, partly concealed................................ 150 
11. Ooarse limestone breccia below, with compact limestone 

above. Orinoid stems noted. . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
12. Oherty sandstone showing sponge spicules on its upper 

surface ............................................... 2 
13. Limestone, only partly exposed. Syntrielasma (?) noted 17 

14. Thick-bedded gray limestone containing Fusulina, crinoid 
stems, cup corals and a large Productus ..... :. . . . . . . . . . 48 

15. Soft rock, in part sandy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
16. Thick-bedded and in part brecciated limestone, contain-

ing a fairly large Fusulina............................ 58 
17. Limestone breccia, very coarse, changing to a somewhat 

cross-bedded, sandy, and conglomeratic rock above. It 
weathers yellow .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 

18. A sandstone containing much lime and weathering yel-
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Thickness 
in feet. 

low. It contains some shale ......................... 34 
19. Not exposed, probably mi],rly shale ...... , ....... , .. " . . 10 
20. A limestone conglomerate with chert pebbles showing on 

the upper surface .............. , . . . . . . . . . . . . . . . . . . . . . . . 7 
21. Cherty and sandy shale with streaks of organic frag-

mental limestone ................................ ,..... 157 
22. Gray limestone wUh 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. . . . . . . . 6 

23. Cherty and sandy shale and gray limestone of fine tex­
ture. 1 n one place t.his rock is a sandy limestone and 
was seen to contain Leptodus. some ammonoids, and cup 
corals. The sn,ndy phase of this rock was seen to be 
also oolitic. The sand grains are angular and mostly 
from 0,5 to 1 mm. in diameter. The ooliths are of about 
the same size. Indistinct outlines of ostracods and 
bryozoa were noted in a thin section. The member ap­
pears identical with a sandy limestone on the ridge of 
a hill a half mile to the southeast from which were col-
lected such anlmonoids as VVaagenoceras................ 34 

24. Gray dolomitic limestone of somewhat uniform texture. 
The rock contains a small amuunt of poorly sorted, 
angular quartz sand. In a thin section traces of crinoid 
stems and of other organic fragments were noted...... 66 

25, Shale and byers of organic fragmental limestone, in 
places cherty ....................................... . 

26. Not exposed. Evidently mostly shale .................. . 
27. Limestone ........................................... . 
28. Not exposed ........................................ . 
29. 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. Loaf-like concretions 

50 
650 

5 (?) 

250 

of flint VVere noted in upper part ....................... 254 
30. Limestone, with irregular loaf-like bodies of flint. A 

large Productus costatus (?) noted..................... 99 
31. Limestone consisting of a coarse organic breccia. In a 

thin section vvere noted many Fusulinas and SOme bryozoa 
and a Nodosaria and spicules of sponges, imbedded in 
a partly re-crystallized finely fragmental matrix........ 45 

32. Thin-bedded sandstone of fine texture, weathering yellovv, 
and cemented with calcareous material. The lovvest hun­
dred feet of this member has thin layers of organic frag­
mental limestone in its upper 70 feet. Small claY-iron-



14 University of Texas Bullelin 

Thickness 
in feet. 

stone concretions of symmetrical oblate form were noted 
in the calcareous layers............................... 490 

33. Gray shale containing' small oblate concretions of very 
regular form. The shale itself is silty and contains some 
grains 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. . . . . .. . . . .. . .. . . .. 150 

34. Sandy shale .......................................... 15 
35. Yellow sandy dolomite, in thick beds below and thin 

beds above. The middle part of this member contains 
lenticular bodies of calcareous rocl, 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 rocl, is seen to 
be secondarily crystalized, and there appears a number of 
small bodies of fine indistinct texture. . . . . . . . . . . . . . . . . . 47 

36. Shale with some thin calcareous layers below. It con­
tains small concretions of very regular form.......... 230 

37. Yellow sandstone in thicl, beds, becoming calcareous 
above. An imprint of a whorled and ribbed cephu,lopDd 
noted. In thin sections thc sand grains are scen to be 
angular, and well sorted, mostly less than 0.2 mm. in 
dianleter ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 170 

38. 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 has been introduced into the dolomite. This 
calcite occurs in irregular tracts from the smallest up to 
SOme inches in size. The crystalline cleavage 'of the cal­
cite was seen to be continuous for an inch or more on 
some fractures ........................................ 136 

39. Dolomite in moderately thick beds, coarse-grained, yel­
lowish white, with scattered small bodies of clear calcite. 
The rock is granular in texture and has a larger lumpy 
structure. In a thin section the dolomiie was seen to con­
sist of crystals 0.1 mm. in diameter. It contains some 
sand grains .......................................... 10 

40. Unstratified dolomite, in which a crinoid stem was noted. 
The dolomite crystals in a tbin section were seen to bE' 
distinctly grouped in clusters less than 0.5 mm. apart.. 155 

41. Bedded dolomite. Some layers are sandy, and weather 
like sandstone, others cherty. A few bryozoa and other 
indistinct fossils were noted.. . . . . . . . . . . . . . . . . . . . . . . . . . 672 

42. Unstratified dolomite .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 
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The numbers from 4 to 28 in tl1is 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
stone, and 2 per cent. of conglomerate. 

The Word formation is represented by numbErs 29 to 37, in­
clusive, and is made up of about 44 pel' cent. of sandstone, 31 
per cent. of shale and 25 per cent. of limestone. The thickness of 
the formation in this sedion 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. 

Section 3 

A section cxtencling 11 01n (~ point a/)01,t oue rnile southwest of Iron 

M10l<ntain northwest to the summzt of Glass j.lountains, lJeginning 

lJelow, at the foot of tlw main outennost rirZge of the rnountains. 

Thickness 
in feet. 

1. Coarse limestone conglomerate, containing boulders and 
pebbles of limestone from one inch to one foot in diam­
eter. Some of these are well rounded. Most boulders 
consist of limestone from the underlying Dimple forma-
tion .................................................. 10 

2. Oolitic limestone, light gray, containing small speci­
mens of Fusulina, Productus semireticulatus and crinoid 
stems. In thin section 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 crystallization. Traces of gastropods, 'of crinoid 
stems and of bryozoa were noted. The shIes of the 
ooliths vary from 0.3 to 0.8 mm. Some organic frag-
ments are much larger................................ 10 

3. Limestone, less resistant to weathering, not well ex-
posed ................................................. 75 

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

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

in feet. 

9. Limestone............................................ 85 
10. Calcareous conglomerate in thick beds. The material in 

this rock is sand, pebbles and boulders. The laUer 
range up to several inches in diameter. The typical 
rock is a conglomerate of rounded limestone boulders 
from one to two 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 lhe pre-Pennsylvanian ........................... 20 

11. Not well exposed, in part clayey beds. . . . . . . . . . . . . . . . . . :J Ul 
12. Conglomerate containing much chert. . . . . . . . . . . . . . . . . . . . 15 
13. Conglomerate, consisting mostly of boulders of limestone, 

cemented by a calcareolls matrix ...................... 83 
14. Lhnestonc............................................ 78 
15. Limestone conbining much crinoidal material, some 

large crinoid stems, and many unrecognizable fragmenj S 

of brachiopods and other organic material. The UDjJ-J1' 

part is in thick beds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1'32 

16. Sandy limestone and calcareous sandstone containing 
a few pebbles of limestone and flint, and a few stems 
of crinoids ........................................... ;,1 

17. Limestone in thin layers, containing Fusulina, a 
Hustedia, and some crinoid stems ................. _ ... _. . 52 

18. Limestone in thick beds, containing various fos~ils, 

especially in its upper half. The upper surfaces or severH,l 
layers in this limestone 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 fossils noted resemble the following forms: Fusu­
Una cylindrica Fisher, large spicules of Sponges, Campo­
phyllum torquium Owen, C. texanum Shumard (?) 
Cladopora sp., Polyp ora sp., Enteletes globosus Girty, E. 
sp. c. Girty?, Leptodus americanus Girty, Productns 
walcottlanus Girty, P. probably semireticulatus, P. like 
indentatus Girty, P. sp., like popei Shumard, Geyerella 
(?), Chonetes subliratus Girty, C. permianus Shumard, 
Pugnax Shumardiana Girt.y, P. elegans Girty, P. sp., 
Hustedia meekana Shumard, Dielasma sp., Spirifer sp., 
Nucula sp.? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 

19. Limestone containing a few scattered pebbles of quartz 
and in places sandy. Fossils noted: Productus, Pugnax, 
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Thickness 

in feet. 

Leptodus americanus Girty, Meekella, large crinoid stems, 
and remains of sponges. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . ·10 

20. Yellowish, sandy, and shaly rock, containing two layers 
of limestone, each about 1 feet thicle The limestone is 
organic fragmental, and was, seen to contain Producti 
and various bryozoa................................... 50 

21. Shale and limestone, not well exposed, estimated 
thickness ........................................... ,. 30 

22. Layer of conglomerate ................... .'. . . . . . . . . . . . . 1 
23. Shale with some beds of limestone, mostly concealtd. 

In thin section ene of thesc limestones was seen to be a 
rocl, of laminated structure and of close texture, con­
taining many sponge spicules and some spherical cavities 
filled with calcite, measnring about one-sixth mm. in 
diameter. A section of another somew)mt crinoidal layer 
showed much dear and grfLllUlar calcite, in which lay 
rounded bodies of finer texture, marked off by irreg­
ularly eurving lines. This rock also showed indisUnet 
traces of organie fragments and ooliths. Another thin 
section shows 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 limestones resemhled Fusulina, 
Campophyllum (?), Meekopora, Fistulipcra, sp, (?), Poly­
pora, Enteletes globosus Girty (?), Leptodus, Productus 
multistriatus Meek (?), P. subhorridus val'. rugatulus 
Girty, P. guadalupensis var. comancheana Girty, P. 
waagenianus Girt.y, P. semireticulatus val'. Spirifer 
cameratus Morton, S. mexicanus Shumard (?), Squamu­
laria guadalupcnsis Shumard, Pleurotomaria sp. (?). The 
shale contains some yellow sandstone layers about 200 
feet below its top. Some of the shale is stony and mi­
caceous and of bluish gray color. The sand contained in 
sample was 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 
Meel{, p, semireticulatus Martin (large), P. popei val'. 
opimus Girty, P. guaclalupensis Girty, Spirifer cf, camer­
atus Morton, Spirifer sp., a fragment of a large Mur­
chisonia ( ?), Bellerophon nodocarinatus White, Wor­

thenia tabulata Conrad, Medlicottia Whitneyi Bose, and 
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Thickness 

in feet. 

Perrinites vidriensis Bose. Estimated 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 texturc. One thin sec­
tion was SC8n to contain a close tangle of minute sponge 
spicules. 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 several feet. Fusulina sp., Chonetes puncta­
tus ( ?), a trilobite of small size (Brachymetopus 7) was 
represented by four pleurae. Some layers contain small 
quadrangular fish scales. What appeared to be a part 
of a l::Lrge jaw of a vertebrate, llcrhaps an early a,mphi-
bian, was also noted... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 

25. Thick·bedded dark limestone, in part sandy (7) and 
cross·bedded. One cross-bedded layer was foul' feet thick. 
Fossils like the following were noted: Fusulina elongata. 
Shumard, Campophyl1um tex:,.ll:ill Shumard, Lindstroe­
mia permiana Shumard, Fenestella sp., Entelctes dumblei 
Girty, Streptorynchus sp., Productns limlmtus Girty (7) 
P. walcottianus Girty (?), Productus sp., Seminula argen-
tea Shepard, Spirifer sp. .............................. 25 

26. Not exposed. 'l'hickness considerable ................. ? 
26a. Laminated, shaly and calcareous sandstone, of fine tex-

ture, in layers from one·eighth inch to three inches thick. 
The percentage of sandy and calcareous 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 tracll:s... 340 

27. White, irregularly-bedded, maSSive, and brecciated dolo-
mite ................................................. 50 

28. Brownish yellow, laminated, sandy and shaly, calcareous 
rock. (Estimated) ................................... 250 

29. Gray, laminated limestone of fine texture, containing 
fine sand and much chert in small nodules. A coral like 
Zaphrentis was noted ................................. 77 

30. A complex of dolomite and limestone consisting of mem­
bers from ten to a hundred feet thick. 'fhe heavier 
members are mostly coarsely brecciated and dolomitic. 
Some of the thinner members are distinctly stratified 
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Thickness 
in feet. 

limestone, in which stems of crinoids and a fusulina were 
noted. This rock [orms the u1)permost high cliff of the 
Glass Mountains. . .......... _ .. _. . . . . . . . . . . . . . . . .. . . 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 
E. texana. This layer appears to be absent in places. . . . 2 

33. Limestone in moderately thick benches, and containing 
few fossils, as far as seen ................... , '" ..... " 96 

The lower 1855 feet of this section represent the Ileonard 
formation and, perhaps, in part, the IIesR formation, comprising 
numbl1rs 1 to 23, inclusive. It consists of some 32 pel' cent. 
of limestone, 46 pel' cent. of shale, 8 pel' cent. of limestone and 
other conglomerate, 6 pel' cent. of sandstone, and 8 per cent. 
not exposed, probably mostly sllale. 

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 
cemented sandstone, and 26 pel' cent. ,of limestone. 

Number 30 is the Vidrio limestone. 
Numbers 31 and 33 are the basal part of the Comanchean 

Cretaceous. 

Sectvon 4. 

A section in the Gilliam, Canyon, extending from the west end,. 01 
the Leonard Mountnins north nlong its enst side, to where it opens on 
the plnins south of the site of the old Tessey p'Ostotlice. 

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 measlirement is over the 
west end of the mountain. In the east end of the moun­
tain it appears that the formation is 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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Thickness 
in feet. 

this limestone is oolitic, and organic fragmental, the 
matrix being somewhat coarsely crystalline. Fusulina, 
crinoid stems, Trochammina gordialis and Valvulina 
decurrens, were noted. ............................... 908 

2. Limestone, in places conglomerafic, shale and some sand­
Slone. Some of these limestones are fossiliferous and 
contain an abundant fauna. The thickness of these beds 
has not been separately measured, but they are estimated 
at. . ................................................. 350 

3. A rock changing from limestone to sandstone and con­
taining silicified ammonoids and other fossils. Conglom-
eratic in places ....................................... 20 

4. 

5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 

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 fossils ............. . 
Unknown interval of probably only a few feet ........ . 
Limestone. with a large fusulina ........ " . " ......... . 
Sandstone, with shale above ........................... . 
Limestone ......................................... . 
Sandy and shaly limestone .......................... . 
Limestone ................. _ ......................... . 
Sandstone .........................•.................. 
Shaly rock 
Limestone. The pygidium of a phillipsia (Proteus major 
Shumard?) was noted ............. _ .................. . 

14. Yellowish, light gray, and unctuous marl, seen to contain 
fragments of sponge spicules and of othcr 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 or 
crinoid stems, dimeres of sponge spicules, spines of brach­
iopods, tests of Nodosaria and Endothyra Bowmanni and 
a great number of spherical calcareous bodies from one­
sixteenth to one-fourth mm. in diameter, possibly sPg-

600 
? 

27 
23 
7 

13 
5 
8 
7 

5 

ments of Nodosellina .............. _. . . . . . . . . . . . . . . . . . . 20 
15. Conglomerate with sandstone.......................... 10 
16. Sandstone, in places containing calcareous material. In 

the uppermost 30 feet narrow tra versions resembling 
worm tracks were noted on many layers of this rock. . . . 210 

17. Limestone in thick layers. Among the fossils noted were 
some ammonOids, spines of palechinids with club-shaped 
terminations, various brachiopods, sponge spicules, and a 
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Thicknesfl' 

large-sized fusulina ..... _ ............................ . 
18. Sandstone ................. _ .................... - .... . 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 

Limestone 
Sandstone 
Limestone 
Sandstone 
Limestone. 
Sandstone 
Limestone 
Sandstone 
Limestone 
ISandstone 

Ammonoids noted ........................ . 

29. Gray limestone, in part sandy, thick-bedded, containing 
many ammonoids, Richthofenia permiana, various other 
brachiopods, and fragments of palechinids. The am­
monoids have been described by Dr. Beise as: Adrianites 
marathonensis, Agathiceras Girti, Gastrioceras n. sp. 
undet., G. roadense, Mcdlicottia Burkhardti, Stacheoceras 

in feet. 
27 

8 
7 
8 
5 
7 

22 
8 

10 
12 
13 
8 

giUiamense, S. Bowmanni, Waagenoceras Dieneri....... 64 
30. Unknown interval. Not well exposed, probably measur-

ing near ............................................. 68 
31. Dolomitic, calcareolls sandstone, of fine texture above.. . 14 
32. Dolomitic and arenaceous limestone, with concretions of 

chert. Fossils: small crinoid joints, a crinoid- plate, 
an Orthoceras, fragments c[ bryozoa and of cup corals.. 12 

33. Yellowish, brown, dolomitic rock, responding slowly to 
acid. In some layers this rock is arenaceous, fine-
grained. Layers from 3 to 12 inches thick........... . 24 

34. Coarse-grained dolomite. The upper part is mostly strati­
fied, and contains at least one layer of sandst.one. 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 
base ................................................. 1700 

115. Dolomitic, 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.... . . . . . . 743 

116. Massive limestone, in part dolomitic, in part thin-bedded, 
largely brecciated, and in one place seen to be oolitic, and 
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'l'hickness 

in feet. 

to contain shreds of bryozoa and some foraminifera.... 1358 
37. Thinly laminated limestone, showing folding above. 

Lower down Lhere is brecciated limestone.............. 120 
38. Brecciated limestone.................................. 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 Hills limestone... 158 

'['his seetiOll illdullcs tlw long-c'st mmtinuons scries of sedi­
ments exposed in any part of the Glass Mountain::;. 'rhc lower 
1878 feet represent the Leonard formation; the next 684 feet, 
thr Word; t11e next 1700 feet, the Vidrio; the next 748, the Gil­
liam; and tho uppermost 1850 feet represent the Tessey forma­
tion. 1'110 thickllcss of the 'whole section measures 6855 feet. 
This total is belipvcd to be a fair Approximation of the actual 
facts. It was 0 htained by instrumental determinations on dis­
tances, dip, and elevation at 83 stations, extending from the 
overlying' Cl'da(~eous at the north cnd of the canyon a distance 
of about thirteen miles, 10 the weHt end of the Leonard Moun­
tain. This work was clone indppmldently by Mr.W. F. Bowman 
under the personal dil"eetion and supervision of Dr. Emil Bose 
in 19]6. The year beforp, thp author of this papel' made a l'ough 
traveTse of the same route and estimated the thickness of the 
section to be about 7,000 feet. It is not believed that any im­
portant concealed structure occurs that will much affect the 
measuremcnts. At the contaet of the vVord and the Vidrio 
there is E'vidently Home fal,Jlting. This may have resulted in 
throwing' out three or four hundrcd leet of the sandy beels of 
the section 'which may be missing. Elsewhere the section ap­
peal'S to be perfectly continuouH. It was not possible to take 
the time npeded for mcasuring and delimiting the Leonard 
and the Word separately, 01' to make out any detailed descrip­
tions of the strata in the Leonard in this section, but it is be­
lieved that their combined thickness is measured with greater ac­
curacy than in any of the other sections. 

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

The Word formation may not be quite entirely exposed. On 
the south side of the l'idge which lies immediately south Dnd 
between the head branches of the GilliDm Canyon draining north, 
there is a gap which separates this ridge from a longer ridge 
extending from southwest to northeast, a distance of nearly four 
miles. The ridge on the 110rth side of this gap is capped by 
pl'ohably the most resic;t;mt rock in the 'Word formation. This 
is 1he limestone numbered 29 in the section. 

The west End of this gap is drained by a narrow arroyo that 
deseends rClpidly and that has laid bare a fail'ly 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 wllat is exposed of the whole fOl'mation, it is found 
to be made up of about 48 per cent. of arenaceous rock, 33 per 
cent. of limrstone, 15 reI' cent. of materials not exposed, possibly 
largely shale, and foul' pel' cent.. of 811a1e. 

The Vidrio fOl'mation is almost entirely limestone, mostly 
dolomitic. Less than two per eent. eonsists of arenaceous ma­
terial and it contains no layers of shale or clay. It is not 
markedly stratified. 

The Gilliam format ion consists of dolomitic limestone which 
shows straight and trenchant bedding. It contains a single 
sandstone, which makes up less than one per cent. of the forma­
tion. 

The Tessey formation is all limestone, mostly dolomitic, and 
without mal'lwd bedding planes. 

Section 5. 

A section of the south bluff of the main ridge of the Glass Moun­
tains, beginni.ng at its base at a point about three miles 'fI)ortheast 

Of Leonard Mount'Jin, and extending northward up the escarpment. 
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Thickness 
in feet. 

1. A limestone conglomerate which contains rounded 
boulders and pebbles of chert and quartli/. Some of the 
boulders contain Fusulina. The exposure of this con­
glomerate is small and was seen in a gully some 100 
paces SOllth of the line where the overlying limestones 
begin to appear in continuous exposures. This conglom­
erate is believed to be the basal conglomerate of the Hess 
formation ............................................ 10 

2. Not exposed. Probably shale.......................... 20 
3. Hard, calcareous rock, with a lumpy structure, sheared 

vertically ............................................ 2 
4. Dark bluish gray clay................................. 2 
5. Gray dolomitic limestone. The crystals 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 small bodies are also sheared vertically. . 2 

6. Not exposed. ......................................... 20 
• 7. 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 organic 
fragmental limestone, sharply marked off from the rest 
of the rock........................................... 8 

8. No exposure .............. '" ... , ................. , . .. 5 
9. Gray limestone. Crinoid stems and spines of palechin-

oids noted ........................................... 4 
10. Gray impure limestone, in part in thin layers. In thin 

section this rock is seen to be oolitic and to also contain 
organic fragments. Fifty 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 containing 
ma,trix secondarily crystallized. Crinoid fragments and 
pieces of ostracod shells and other shells Were noted. 
Trochammina gordialis, Endothyra and a Nodosaria were 
noted. . ...........................• ...•.•...•........ 15 

11. 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 spicules................................ 34 

12. Very compact, gray limestone, containing Fusulina, 
crinoid stems, and spines of sea urchins. In thin sec­
tion this rock is seen to be ooliti@! and organic-frag-
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Thiclmess 
in feet. 

mental in nature, of fine texture and to contain sponge 
spicules, fragments of ostracod she1]s, Trochammina 
gordialis, and spines of brachiopods................... 22 

13. Gray limestone, dolomitic in places, with many Fusu­
linas imbedded. In thin section it is seen to be very 
fine in texture, organic-fragmental, and to contain spic­
ules of sponges, Trochammina gordialis, Nodosaria, and 

14. 
15. 

spines of brachiopods................................. 3 
Gray, 
Light 
many 
many 
shells 

compact limestone.............................. 8 
gray and in part pinkish gray limestone, cut by 
small fissures, filled with calcite. Fossils noted: 
foraminifera, crinoid stems, Fusulina, bryozoa, 
of ostracods, and spicules of sponges............ 4 

16. Gray, compact limestone in somewhat thin layers, and 
containing some dark chert........................... 38 

17. Gray, compact, dolomitic limestone, calcareous in places. 
It contains small calcareous shell fragments and small 
crevices filled with quartz and calcite. Above it is morc 
thin-bedded than below .................... _ . . . . . . . . . . . 35 

18. Gray, in part oolitic, limestone studded with Fuslllina 
and other foraminifera in profusion. The rock contains 
imbedded lumps, differing in texture from the body of 
the rock. In thin section this rock shows 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 Fusulina were noted. In some of the gray 
lumps referred to above, a Fusulina ·occupied the center 7 

19. 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, 
sponge spicules, pieces of valves of ostracods and many 
fragments of echinoderms............................. 11 

20. 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...... . . . . . . . 78 

21. Somewhat dolomitic, organic-fragmental limestone, with 
Fusulina in profusion. In thin section the rock is seen 
to be traversed by irregular tracts of secondllrily crys­
tallized material. Trochammina gordialis and spicules 
of sponges were noted. . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . 8 

22. Soft limestone .........................•.............. 6 
23. Compact, organic-fragmental limestone, with foraminifera, 

in the upper six inches in profusion.. . . . . . . . . . . . .. . . . . . 11 
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24. 
25. 
26. 
27. 

Gray limestone, dolomitic above ...................... . 

Thickness 
in feet. 

28 
Mostly dolomitic limestone .......... , ................. . 
Gray limestone of fine texture, in part dolomitic ....... . 
Organic-fragmental limestone, containing many Fusulina. 

28. Organic-fragmental limestone wilh minnte concretionary 
structures and containing Fusulina. In thin section the 
rock is seen to be oolitic. Three·fourths of the mass o[ 
the rock is secondarily crystallized, and its original struc-

30 
44 
33 

ture is only jJarDy preserved. . . . . . . . . . . . . . . . . . . . . . . . . . . 66 
29. Two well-marked ledges of organic· fragmental white lime-

stone. . ............................................... 10 
30. Light gray limestone. In thin section this rocl, is seen 

to be oolitic, with ooliths poorly preserved and irregular 
in form. Fessils noted: Trochmnmina, Nodosaria, bry· 
ozoa, brachiopod spines, sponge spicules, shells of ostra· 
cods and fragments of crinoid stems. Much of the roek 
is secondarily crystallized. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 

31. Light gray limestone mostly of fino texture and with two 
thin layers of dolomite. In thin s('ction the rock is scen 
to be considerably altered by crystallization. Shells of 
ostracods, Nodosaria and Fusulina were noted. . . . . . . . . . 72 

32. White, mostly dolomitic limestone. In thin section a 
piece of this roc~r is seen to be crystalline, with crystals 
averaging a. half mm. hi diametpr.................... 66 

33. Gray limes tonG of fine texture. In thin section this 
roc], is seen to be oolitic, but largely secondarily crys­
tallized, and with the ooliths poorly preserved. Crinoid 
fragments, Trochammina gordialis, Nodosaria, fragments 
of ostf[1cod shells, and of various spines, and sponge 
spicules, were n cted. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . a6 

34. Gray limestone o[ fine texture, in part dolomitic. In 
thin section shells of ostracods, a Nodosaria, and a Fusu-
lina were noted. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 

35. Organic·fragmental limestone of fine texture. . . . . . .. . . . . . 63 
36. Dolomitic limestone .................................. 8 
37. Limestone of fine texture, in part dolomitic............ 77 
38. Gray organic-fragmental limestone, containing concre· 

tionary structures or lumps up to one·fourth inch in 
diameter. Fusulina and crinoid stems noted......... 3 

39. Gray limestone of fine texture, in part dolomitic. The 
uppermost layer ('ontains sub-cYlindric concretionary 
bodies, with a porous central tract, ono·fourth to one 
inch in diameter. Casts of a small high·spired gastropod 
noted. In thin section the rocl~ is seen to contain angu-
lar cavities filled with calcite ..... '" ................ " . 38 

40. Limestone of fine texture, in part dolomitic. .. .. . . . . . . . . . 78 
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T1lis section consists mainly of limestone. About one-eighth 
of this limestone is dolomitic. Only some two pel" cent. consists 
of 'conglomerate and shale. 11. represents the lower part of the 
Hess formation and measures 1092 feet. 

North from the ridge where this section 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 syenite porphyry, like that of Iron Mountain. This 
has caused some dislocation in the sedimentary series. Part 
of the north ridge consists of a great thickness of a very coarse 
conglomerate, vyllich evidently belongs to the Leonard forma­
tion. 1'11e following section Cl'\nmber 6) may be regarded as a 
continuation of this sention (Number 5) wit.h the Leonard and 
the upper part of the Hess omitted. '1'he distance between the 
top of section Number 5 and the base of Section 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 ,rould make the combined thi('k­
ness of the Hess, the Leonard, and the "\Vord, on the line of 
these two sections, about 3760 feet. 

Section 6 

A section jT01n the t011 of a. S1Jwll 7nll about one milc cast-northeast 
Of Hess Tan7c anCl cxtrmrlillg north 20 (Zcgrees west for about a mile 

anrl a half. (By JJfr. Bowman). 

'fhiclrnnss 
in feet. 

1. Brownish, coarse dolomite in heavy ledgps dipping 6 
degrees north, 20 degrees west. The rock is exposed along 
the top of the hill for 1250 paces. On lhe weathered sur­
face such fossils were found as: Fllsulina elongai:a Shu­
mard, Oystothalamia? sp., Oampophyllum texanum Shu­
mard, Oladopora? sp., Fistulipora sp., Domopora ocel­
lata Glrty, EntelE'tcs dumblci Girty, Acanthocbdia 
guadalupensis Girty, Leptodus amcrlcanus Girty, Pro­
ductus guadalupcnsis Girty, Productus meckanus Girty, 
Richthofenia permiana Shumard, Rhynchonella? (PUg­
nax) indentata? Girty, Pugnax? bisulcata Shumard, Dle­
lasnilna guadalupensis Girty, Spirifer cameratu8 Morton, 
S. cf. kentuckiensis Shumard, Ambocoelia planoconvexa 
Shumard, Orthoceras sp................................ 50' 
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Thickness 

2. Reddish brown, sandy limestone interbedded with shale .. 
3. No exposure. Aviculopecten carboniferus Stevens was 

found on the talus on this membor ....... _ ............ . 
4. Ledges of dark dolomite. The fossils found here were: 

Crinoid stems, Productus texanus Girty, Paraceltites aff. 
elegans Girt.y, and P. multicostatus Bose ............... . 

5. Yellow, laminated, sandy limestone, alternating with a 
few layers of shale. "Worm tracks" were noted in sandy 
limestone ....................... " ................... . 

in feet. 
20 

190 

46 

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. Fossils noted were: Fusulina 
elongata Shum., crinoid stems, Fenestella capitanensis 
Girty, l<~istulipora? sp., Bryozoa 2 sp., Enteletes dumblei? 
Girty, Ohonetes 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 fect includcd 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 extending north-northwest from WoOlfcamp. (Wolfcamp 
is' located at the 80t~th joot Of the westernmost Of several hills. /'x­
PQsing a white, heavy-bedded limestone member of the Gaptanlc torma­
tion. These hills constitute a line of foothills below the main escarp­
ment ot the Hess limestone, which extends from the Hess Tlmk to 
Gap Ton7c. The locality is about six miles east and one-halt mile north 
from the east foot ot Leonard Mountain, and is marked by an old 
excavation jar an open well.) 

Thickness 
in feet. 

1. Beginning below. Greenish-gray shale exposed in the 
base ot 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 joints of crinoid stems noted. A 
piece of thin limestone was found to contain shells of 
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Thickness 
in feet. 

Ostracods in profusion, and some imbedded sand grains. 20 
3. Limestone conglomerate, weathering yellow in places. 

This contains various fossils such as cup corals, several 
brachiopods, crinoid stems, Fusulina, Athyris, and spines 
of echinoids ......................................... 10 

4. Probably mainly shale. Not weI! exposed. . . . . . . . . . . . . . 10 
5. Limestone in thick layers, fossiliferous. . . . . . . . . . . . . . . . 10 
6. Probably mostly shale. Not well exposed.. . .. . . . .. . .. . . 32 
7. Thick ledges of whIte limestone, containing large brach-

iopods, and cup corals, conglomerate in places......... 17 
8. Shale, silty, and somewhat calcareous. When washed 

and clGsely examined it yielded sponge spicules and a 
typical Ammodiscus. This shale contains a rich fauna, 
largely new. Eight genera and twelve speCies of am­
monoids have been recently described by Dr. Biise. 
These were collected from less than a half acre of 
ground immcdiatelY 011 the north side of a small butte 
capped by the limestone of the preceding member. These 
were: <\'gathiceras F'rechi, Daraelites texaf1lls, Gastro­
ceras modestum, lViarathonites J. P. Smithi, lVi. sulcatus, 
M. vidriensis, Paralegoceras diversicostatum, Udden­
nites Schucherti, U. miner, Vidrioceras Uddeni, V. ir-
regulare. . ........................................... 80 

9. A limestone which weathers brown and consists largely 
of fragments of shells ................................ 1 

10. Shale containing various ammonoids.................. 18 
11. Thick-bedded limestone, in part conglomerate, in places 

fossiliferous. 'rhe thickness of thi s member varies from 
16 to 60 feet in the immediate surrounding of the 
section. . ............................................. 20 

12. Shale................................................ 22 
13. Shell breccia limestone, weathering brown. . .. . .. . . . . . . 2 
14. Shale, in part very dark and almost black. It appar­

ently contains some thin calcareous layers, in which 
crinoid remains occur. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 

15. Shell breccia limestone, containing bryozoa, brachiopods, 
and crinoid sterns.................................... 1 

16. Shale, not well expcsed.......... . . . . . . . . . . . . . . . . . . . . . 44 
17. Shell breccia, changing ·to a conglomerate with some 

rounded quaTtz pebb:es to the east.... . . . . . . . . . . . . . . . . 3 
18. Shale............................ .................... 4 
19. Yellow limestone ............ , " . . . .. . . . . .... . . .. .... . 3 
20. Shale................................................ 4, 

21. Yellow limestone, containing many fragments of shells. . 5 
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Thickness 
in feet. 

22. Shale, not weI! exposed .................. " . . . . .. . . . . . 55 
23. Yellow limestone .................................... 1 
24. Shale, not well exposed..... . . . . . . . . . . . . . . . . . . . . . . . . . . 77 
25. Yellow limestone, somewhat a shell breccia. . .. . .. . . . . . 1 
26. Shale, not weI! exposed, in part greenish gray in color, 

and caleareolls ...................................... 10C 

27. A conglomemte consisting mostly of pebbles from one 
to five inehes in diameter, and varying in thickness 
from 27 to 45 feet. It contains crinoid stems in a 
marly matrix in some places. (This no doubt is the 
basal conglomeratc to the overlying Hess limestone.) . . 40 

28. Not well exposed, probably mostly shale. Some of tills 
shale was seen to be very fine in texture and slightly 
calcareous. . ........................................ 200 

29. Gray dolomitic limestone of fine texture, weathering 
brown, and containing pockets of calcite.............. 6 

30. Layers of dolomitic, conglomeratic and other limestone, 
not well exposed and probably interbedded with some 
shale. A thin s-ection of a limestone from this member 
shows partial alteration to a rock of coarse crystalline 
texture. In this occur various organic fragments, in­
cluding Fnsnlina. Three thin sections are oolitic lime­
stone, 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 
ostracod valves ...................................... 187 

31. Thin-bedded gray limestone with some layers contain-

32. 
33. 
34. 
35. 

36. 
37. 

ing Fusulina in profusion ............................ . 
Hard, compact, gray limestone ...................... . 
Thin·bedded, gray limestone ......................... . 
Hard, compact, gray limestone ....................... . 
Thin-bedded gray limestone, of somewhat compact: 
texure. 
Two layers of compact, gray limestone ............... . 
Thin-bedded limestone, not well exposed ............. . 

38. Compact, thick-bedded, gray limestone, 'with pockets 

132 
5 

15 
4 

21 
8 

11 

filled with calcite. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 6 
39. Thin-bedded, gray limestone.......................... 16 
40. Compact, gray limestone.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
41. Compact, gray limestone. Thick and thin layers inter-

bedded. . ............................................ 38 
42. Compact, gray limestone in a single layer.. . . . . . . . . . . . 6 
43. Not well exposed, probably soft limestone or marl. .. . .• 45 
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44. 
45. 
46. 
47. 

Compact, gray limestone ............................ . 

Thickness 
in feet. 

5 
Thin-bedded limestone .............................. . 12 
Limestone in one single layer ....................... . 4 
Layers of gray limestone, aJternating with 'softer lime-
stone in thin layers .................................. . 55 

48. 'l'hin-bedded gray limestone interbedded with some 
shale above .......................................... 210 

49. Thick beds of gray limestone, interbedded with lime-
slone of thin layers................................. 236 

50. Thin-bedded, gray, compact limestone. A fiat-coiled 
gastropod was noted................................. 88 

51. Thin-bedded, gray, compact limestone, with two well­
marked layers of thick-bedded limestone below, and 
with some shale above. A bed about forty feet below 
the {op of this member is oolitic and foraminiferal. 
The uppermost layers contain Bellerophon, lVIyalina, 
Archeocidaris, Pinna, various gastropods, crinoid stems, 
producti, and cup corals. A thin section of the oolitic 
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 t.hat have the shape of thin shells, such 
as those of ostracods. These lie fiat -with the bedding 
of the rock ............ :............................. 350 

52. lVIassive limestone, somewhat dolomitic. Plates and 
spines of palechinil1s were noted in some shale in this 
member, whieh also contains stems and plates of 
crinoids and a Fusulina. Two strong limestone layers 
appear in this member............................... 77 

53. Limestone, moderately thin-bedded, alternating with 
dolomite. . .......................................... 50 

54. Gray limestone in ,two thick beds, capping the escarp-
ment:. . .............................................. 16 

55. White limestone containing many ostracods and forami· 
nifera. . ............................................. 2 

56. Thin-bedded limestone containing many fusulinas in 
ma.ny 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 ..................................... 16 

57. Fusulina-bearing limestone, light gray in color........ 16 
58. Dolomitic lim€'steme ................................. 11 
59. Thin-bedded fusulina limestone ........... '" .. . . ... . . . 55 
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Thickness 
in feet. 

60. 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 longcst 
diallleter. . .......................................... 11 

61. Thin-bedded gray limestone with some dolomitic layers. 38 
62. Alternating layers of gray limestone and dolomitic 

limestone layers. In the upper part of this member 
balls of fiint from 3 to 6 inches in diameter occur. A 
Fusulina of large size occurs in places in abundance 
and in association with the chert. A Seminula, some 
bryozoa and crinoid stems noted ........ '" . . . . . . . . . . . . . 77 

63. Gray dolomitic limestone, and other limestone, in mod-
eratoly thick layers ................................... 182 

\ 

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

be due to a fault with downthrow to the north. This would explain 
the absence of the greater part of the Leonard formation. 

64. Gray, marly, soft limestone, containing pebbles of white 
quartz, of black fissured quartz, and of limestone. In 
places this rock is indurated and contains silicified fos· 
sils like those found in the Delaware and the Guada-
lupian formations ................................... 5 

65. Red sandstone and sandy limestone, in which a Pro-
ductus was noted .................................... 23 

66. Yellow and reddish sandstone ..... " . . . . . . . . . . .. . . . . . . 25 
67. 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 
ooliths are from 0.3 to 0.9 mm. in diamet.er, of some­
what irregular shape and lying close together, among 
shells of ostracods and fragments 'of other shells. Much 
',of the rock in this ·thin section is secondarily crystal-
line. . ............................................... 3 

68. Red sandstone ..................•.................... 5 
69. Crinoidal, crystalline limestone........................ 1 
70. Reddish and yellow sandstone........................ 12 
71. Gray, fossiliferous limestone.......................... 1 
72. Reddish sandstone ................................... 8 
73. Gray, marly, and fossiliferous limestone........ . . . . . . . 1 
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Thickness 
in feet. 

74. Yellow sandstone .................................... 11 
75. Impure limestone ................................... 1 
76. Marly, gray sandst:one................................ 11 
77. Concealed. . ........................................ (?) 5 
78. Fessiliferons limestone ............................. 2 
79. Yellow sandstone, in part marly.,.................... 7 
80. Sandy limestone .................................... 1 
81. Not exposed, perhaps shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
82. l<'ossiliferous limestone, studded with a large b'usulina 

on upper surface. Bryozoa and a small cup coral were 
noted ................... " . . .. . . . . . . . . .. . . . . . . . . . . . .. 7 

83. Not well exposed, probably shale... ................... 46 
84. Limestone in a single bed, with silicified fossils. . . . . . . . 3 
85. Very thin-bedded, dark gray limestone of compact texture 40 
86. Crinoidal limestone .................................. 1 
87. Very fine-textured, hard, almost black, bituminous 

limestone, showing very thin and even laminations, and 
containing cherty and sandy layers which weather red. 47 

88. Blue sandy and calcareous layers of rocJ" in part cherty 
and weathering red throughout. Thickness about. . . . .. 200 

89. Massive dolomitic limestone, with apparently some 
sefter inter-bedded htyers. Cup corals, spirifers and 

90. 
91. 
92. 
93. 

94. 

95. 
96. 

]lrcducti were noted 
Sandstone, weathering red, and containing much chert. 
Cherty limestone ................................... . 
Cherty sandstone, weathering red .................... . 
Gray dolomitic limestone, containing a large Fusulina 
and other fossils .................................... . 
Sandy and cherty limestone weathering red, and con­
taining a small Productus in profusion in a ·three-inch 
chert layer ........................................ . 
Dolomitic limestone ................................ . 
Sandy limestone, weathering red .................... . 

97. Dolomitic limestone, weathering gray, and having a 

]37 
8 
3 

12 

16 

5 
8 
(} 

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

lina in nests ........................................ 25 
100. Sandy and chert.y dolomite, weathering red and alternat­

ing with calcareous, cherty and concretionary, thin-
bedded limestone .................................... 55 

101. Irregularly 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 to 9, inelusive, represent the Gaptank; 
in all, 280 feet. These consist of 81 pel' cent. shale and 19 per 
cent. limesLone. In one case the limestone is conglomera.tic. 

NumbeJ's 10 to 26, inclusive, bav(' been c~illed the Wolfeamp. 
'fhis mC:18111'cr, 448 fe('1 ill thielm('Ps, and appears to be uncon­
formable with the Gaptank. Shale makes up 92 per cent. of 
the \i\T olfcamp. The remaining 8 per cent. consists of thin 
limest.ones which in many places are conglomeratie, or consist 
of sorted [md well worn fragments of organic remains of small 
size. 

The numbers from 27 to 63, inclusive, represent the Hess 
formation, which here measures some 2150 feet. This forma­
tion, here, as lartheJ' west, is made up chiefly of limestone, 
which constitutes about 68 per eent. of the whole; and of d,colo­
mite, which makes some 16 per cent. The remaining 16 per 
Icent. is mosLiy shale, or, at allY l'n1 e, beds yielding mo l'll readily 
to the destruetivll process of erosion, so as to be more or less 
concealed. 

The greater part of the IJeonard formation is either eroded 
away or fanlted out of this ~~2~;,m. A sudden change of dip 
which was noted between numbers 63 and 64 suggests the Pl'E',s­
ence of a fault that may have thl'own most of this fOl'mation 
below the surface. The roc·ks de8('1'ibec1 as llLUnbel's 64 to 84, 
inelusive, are believed to represent the upper part of the forma­
tion. These have a thickness of no more than 20£ feet, and 
consist or 49 per cent. of sandstone, some 38 per cent. 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 thiekness of 579 reet. 
It is made up of about 60 per cent. of limestone with 40 per 
eent of sandstone or sandy limestone of fine texture, and ap­
parently no shale. It 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 redueed 
by being squeezed out or by being eompressed. Some of the soft 
calcareous 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 exposures in an arroyo farther west, 
which drains into the Hess Cany,on, show, at any rate, evidences 
of shearing on an extensive scale, in the horizon of the Leonard 
and the "Vord formations. 

'I'he 540 feet described under number 101 in this section 
repre'lent the Vidrio limestone which is capped at this place, 
liS farthCT west, by the basal bed'l of the Comanchean CretaceOUt;. 
It is nearly all limestone. 

Section 8 

A scction of the tnce at the eost e:r:tension at tile main escarpment 

ot the Glnss "110i!nt(/'in~ at a. p01:nt al)o1.I.t five 'miles west trom Ga.p 

Tanlc. The section liegins at the foot of the escarpment, where there 

is a small water tank, and from tVheTC a wagon road lends past some 

dwelling places up the face Of the escarpment and northtvCwd. 

1. Shaly beds .......................................... . 
2. Brownish sandstone ................................. . 
3. Shale ............................................... . 
4. Sandstone, calcareous, brownish in color .............. . 

Thickness 

in feet. 
15 

8 
55 
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 

B. Soft, marly beds...................................... 25 
7. Limestone............................................ 15 
8. Soft limestone ....................................... 17 
9. White limestone, largely crystalline in texture......... 35 

10. Laminated, soft limestone............................. 15 
11. Hard, white limestone................................. 10 
12. Thin-bedded, marly limestone, and shale............... 30 
13. Whitc limestone....................................... 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 limestonc and shale, not well exposed...... 11 
16. Red shale ............................................ 6 
17. Greenish gray shale, or clay.......................... 2 
18. Gray marl ........................................... 6 
19. Yell-ow limestone ............ _ ..... '" . . . . .... . . .. ... 1 
20. Reddish and yellow shale or clay...................... 14 
21. Yellow limestone ..................•.....•.....•...••. 1 
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22. 

23. 

24. 
25, 

26. 

27. 
28. 
29. 

30. 

31. 

32. 

33. 
34. 
35. 
B6. 

Thiclmes::l 
in fee'. 

Shale 
Yellow limestone .................................... . 
Shale ............................................... . 
Yellow limestone .................. , ...... , .......... . 
Shale. 
Yellow limestone ...... , .................... , ........ . 
Shale, in part reddish ......... , ...................... . 
Yellow limestone ............ , ....................... . 
Gray sandstone, cross-bedded ................... , ...... . 
Shalc, mostly b[lI(\ in part reddish .. , ............ , ..... . 
Ycllo,w limestone .................................... . 
Gru,y sandstone ........... , . .. . ..................... . 
Gray sandstone and shale .... , ............. , ....... , .. 
Gray, cross-bedded sandstone ......................... . 
Greenish shale with streaks of red shale and calcareous 

4 
3 

11 
1 

16 
1 

18 
2 

24 

17 
1 

12 
16 
17 

material ... , ................................... , . . . . 55 
37. Yell-ow, sandy limestone ...................... , ... ,.. 1 
3R. Gray shale .................................... ,...... 40 
39. Gray sandstone of fine texture ........... , ..... ,...... 5 
40. Gray shale. , ..... ' ...................... ,........... 11 
41, Gray limestone or very fine texture, conhtining Fusulina 38 
12. Shale .............................. , ...... , ...... ,... 2 
43. Limestone ...... " ....... , ...... ,', ...... , ...... "... 2 
44. Shale and limestone ....... , ..................... ,... 8 
45. Gray limestone with many Fusulina ......... , . . .. . . .. . . 3 
46. Shale ............ , ..................... "............ 13 
47. Gray limestone 'of fine texture ... , ...... , , ...... , ,...... 22 

. The lower 355 feet of this section including the numbers 
1 to 20, consist of the Gaptank formation. It will be seen that 
this part of the section consists 'of about 43 per 'cent. of lime­
stone, 25 pel' 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 pel' cent. 
conglomerate, and 4 per cent marl. 

Section 9 

A section along a line running approximately northwest tram a point 

about two miles west oj Gap Tan/c. 'l'his section beg'ins some 100 
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yard8 80uth fr>om the foot of the east e:ctension ot the main Glass 

M01tntain escarpment ar,rl continues 1lp the face of this escarpment 

to the base of the basal conglomerate of the II ess formation. 

'1'hirl;ness 
in feet. 

1. Dar], gray limestone in layers of from 011e to two feet 
in thiclmess. Small brachiopods and crinoid stems 
noted ............................................... . 

2. Light gray, coarse-grained, irregularly-bedded limestone 
3. Not exposGd ......................................... . 
4. Dark gray limestone, wea.thering yellow .............. . 
5. Yellow clay or shale, exposed in some places ........... . 
i3. Dark gray limestone, weathering yellow. Bryozoa and 

crinoid siems noted ................................. . 
7. Nothing exposed, probably shale ...................... . 
8. Dark gray limestone, weathering yellow ...... ' ........ . 
9. Mostly not exposed, but containing some beds of soft 

66 
70 

80 

7 

2 

17 
1 

yellow limestone and shale. . . . . . . . . . . . . . . . . . . . . . . . . . . 50 

10. Gray limestone, weatherine, yelluw..................... 4 
11. Not exposed, ]Jrobably shale........................... 20 

12. Gray limestone containing crinoid stems and having 
many peculiarly interwoven fragments of shells. These 
are about a sixteenth inch thick and mostly about one­
fourth inch in diameter. They lie in all positions in a 
matrix of finely granular calcareous material in which 
werc noted a few indistinct traces cf organic fragments. 
This rock resembles n limestone occurring in the Cisco 
formation at Cisco, in Eastland County. . . . . . . . . . . . . . . . . 3 

13. Compact, dark gray limestone. . . . . . . . . . . . . . . . . . . . . . . . . . 14 
14. Sandy, gray limestone........... ..... ................. 7 
15. Slightly indurated, marly rock, with thin layers of 

yellow limestone ..................................... 5 
16. Dark gray limestone................................. 1 
17. Yellow limestone in ·thin layers.. ...................... 88 
18. Gray, soft limestone containing crinoid stems and 

peculiarly Interwoven fragments of thin shells. Like the 
rock described under number 12, above........ . . . . . . . . . 15 

19. Covered by talus, probably consisting of rock like that 
described under number 18, above. . . . . . . . . . . . . . . . . . . . . . 28 

20. Apparently a single bed of massive white limestone.... 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 tbis section. 



38 University of Texas Bulletin 

This section contains ahout two-thirds limestone, varying from 
marly, soft rock to hard white limestonc; and one-third argil­
laceous rock, varying from marly to non-calcareous deposits. 

DESCRIPTIO;\! OF' ,]'H"BJ FORMATIONS. 

The Gapiank Ponnation 

Above the Haymond formation, which has been described by 
Mr. C. I,. Baker in the accompanying paper, tllCre 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 
1mrt are limesionps, marls, and sandstones with a considerable 
fauna. These outcrop at a point about three miles south of 
Gaptank where th("y are tilted at high angles and are overlain 
by the Comanchean, which caps a projecting angle of the Glass 
Mountain escarpment. It is believed that these beds arc also 
exposed OVP)· all ana lying just outside ,of the older Paleozoic 
about four miles west of Marathon, mostly north of the 1 ailroad. 
Somo of the shale is ralcareous, some is free from calcareous. 
material. In color it varies from light to dark gray, in places 
being grC'C'llish. The limestones art') mostly less than five feet 
thirk, and in places they are studded with Fusulina. There 
were also [ound stems and pinnules of crinoids, an Ammodiscus 
of vC'ry H,\'mmctriCfll ~:piral ff)) m, El1dothyra Eo wmanni, '1'roch­
ammina incet'ia, H aplophmgmiwn reel nm (7), Bigenerina, sp., 
ClilllltWmmilla, 8p., Lilllola Bcnnicll1w, l'alvnlill(~ bllllodics ('1'), 
various tuhular foraminifera and spicules of sponges. The 
shale and the limestone layers contain a large fauna from which 
Dr. Bose has dCl'wl'ihed 8chisloee1'as Srnithi, and in which Dr. 
Beede has identified the following forms: 

Axophyllum 
Ghaetcs, sp. 

Helcmcoelia afJ. Becdi Girty 
Goclocladia? sp. 

Gh'onctes rnesol()uns N. and P. 

G. veT1U'u11ianr,s, N. and P. 
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Pustula punctata (Martin) 
Productus, several species 
P. CMa d'art 
Ji'l.snlin((" SJ]. 

1¥eu,olcella, sp. 

Cornpostta c.rgenten (Shep.) 

C. ct. '1nexicana Girty 
C. cf. In(jxicana ,CJlwclalouJ]ensis Girty 

Entdet('s aff. Waagcni Gemm. 
Mflrginitera splendr:ns (N. and P.) 

lWee1celia ct. ditfieWs Girty 
Pugnax roclcymoJltal1u (Marcou) 
Puslula. nebrascensis Owen 

Spinter ca1?wratt(s Morion 
Spi'l'iteT 1)wsakheylensis Dav. 
SpiriteTina 1centuckicnsi8 Shumard? 
Squflntt[/arin perplexa. McChesney? 
Ohenomya len1JenwMthiann Meek 
NUGU10psis ventrioosa (Hall) 
Bellerophon percarinatus Conrad 
B. tTicnrinatu8 Conrad 
B. 'Unr. tricarinMu8 Shumard 
B. craSSt(s M. and W. 

JiJuJ]hcrltus nodocannatus (New Harmony var.) White­
Euphcmus ct. cnTbonariu8 Cox 
PlcuTotU1naTia, group of P. a/taica Vern. 
Porcellia sp. • 

Tn.chyrZomic(, whecleri (Swall.) 
TraCflllCDomia., sp. 

Trepospim cJ. illinoiensis 'Worthen 
Worthenia a./]. tabul([t(~ Conrad 

From the. localit.y whe.re these fossils were taken Professo1" 
C. J.J. Baker has identified also a Tegulifera, a form somewhat 
closely related to Richthofenia. 

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

'rhe middle half oE the format.ion 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 or the southernmost escarpment 
of the Glass Mountains, excepting in the region of the Iron 
Mountain. rrhe softnesf' of t1lis part of the formation has per-
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mitted it to be generally eroded away and it is rarely exposed, 
{)ccupying, as it does, low places on the plains. 

The upper part of the formation is exposed at Gaptank, and 
westward ft"Om this plaee it rises one or two hundred feet in 
the 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 l·OW of low hills that rise from the plain half a mile 
or more south of the main escarpment. 

'1'his upper part of the Gaptank is alone represented in the 
sections 7, S, and 9, previously given. It "Constitutes the lower 
525 feet in the last of these three sections. '1'here arc some 
diff'ercnees in the rocks of the three sections. As described, 
the sediments consist of abont 43 per cent. limestone, 34 per 
cent. shale, and clay, in part marly, and 23 per cent. of sand­
stone. The smaller limestones are all impure and some of" 
them border on marls. Two layers about a hundred feet apart 
are characterized by the occurrence 01 what appears to be a 
number of fragments of some brachiopod shell, which lies in a 
tangled profusion in the roek. A layer of this kind of lime­
stone is seeh at Cisco, in the central part of this state. Near 
the top of the formation there is a thick white limestone, almost 
without bedding planes, 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: 

FU8ulina at!. longi8simoides Beede 
Fusulina, two other species 
Schwagerina at!. princeps 
Meekopora, two species 
Rhom,bopora lepiaodendl'oides Meek? 
Ohonetes granuli!er Owen 
Oomposita argentea (Shep.) 
l!Jnteletes OeZerti Semm. 
GellereUat sp. 
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1J;Jargini,fera splendens (N. and P.) 

Meekella, two species 
PrO(Z1wtus gn(l,(lnlonpensis comancheamls Girty 
Pnstn7a pnnctata (Martin) 
Spirifer c;arneratus (Mort.) 
Euornpha71ls pernodosus M. and W. 
Euphernus aft. c(trbona1'ia Cox 
Omphalot1'och1~81? sp. 

ft will be convenient to refer to the two ealcareous members 
of this formation respectively, as the lower Oaptank and the 
upper Gaptank. Dr. J. VV. Beede's studies show that there 
must be a considerable interval between the two, and it may '1ft! 
found that they should be treated as separate units. The lower 
fossil-bearing' horizon of the Gaptank is certainly Pennsylva­
nian, and from the present Rtudies it seems likely that the upper 
Gaptank represents our uppermost Pennsylvanian in the west­
ern part of the state. 

Sufficiently clrar expmmres neal' the lower limit of this form­
ation have not been seen by the wl·it.er, and he can not at present 
say whether or not an unconformity exists between the Haymond 
and the Gaptank 'rhe Haymond is not. only tilted at high 
angles, but its exposures lie nearer to the cent~r of the axis 
·of disturbance than those of the Gaptank. The same comparison 
may be made between the lower Oaptank and the upper Gap­
tank. 'rhe upper Gaptank has not been seen to dip at a higher 
,angle than one of about 25 degrees, but it is known only 011 

the northwest flank of the Marathon disturbance where it goes 
under the gently dipping series 'of the Permo-carboniferous. 
Dr. Bose and Professol' Baker report that the Haymond and the 
l~o"ver Gaptallk are separated by an nnconformity. 

The Wolfcamp 

Overlying the Gaptank there are some beds which I have 
13alled the W olfcamp. These measure nearly 500 feet in the 
section taken at Wolfcarnp, 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 eephalopods also in a terrace-like foothill at the 
east end of Y-ieonard Mountain. From the aspect of the local 
topography it Keems likely that tIle formation will be lound to 
extm1d 101' several miles eastward from ,\Volfcamp. The Wolf­
eamp consists mostly of shales which vary in color from ~ almost 
black to gray and greenish-gray. Interbedded with this shale 
are severlll layers of limestones which are cemented shell brE"c­
cia'S, in places conglomeratic. '['here are also layers of calcar­
eous sandstones. In the ,Vol£camp section the formation con­
sists of about 92 per cent. of shale, 6 per cent. of limestone, and 
2 per cent. of calcareolls conglomerate. 

The basal part of the formation is a shale or clay in which 
there is a large fauna of cephalopods. Dr. Bose has described 
the following forms: 

Aga,thtcer'o.s Frech~ 

Daraclitcs tcxanns 

Gastrwceras modestnln 

Mc!rathonites J. P. Smithi 

M. snlcatns 

M. v·iclriensis 

Pa1'(l./egoceras incertn111. 

Nchistoceras divcrsecostatnm 
Udclenites 7ninor 

U. Schncherti 

ViIlrioceTas UcZcleni 
17. irreguJ cwe 

In Dr. BOGe's opini.on, thi.s faulla indicates that there is a COll­
sidt)rabJe il1tCl"Val of i ime between the underlying Gaptank ana 
thi8 basal clay of the Wolfcamp. Dr. Beede, who ha.s examined 
and iuentified other invertebrates, is of the same opinion, and he 
is il1C'lined to refer this formation to the basal Permo-carbonif­
erous. Several of th(" fossils he has examined come from the 
up[Jrf caleareolls mewbcl'K of the formation. The forms he hab 
idcntified urc as follows: 

*Wo]fcamp is the sitf of an old dwelling-place, just to the south of 
the two buttes located about 6% miles east and some 2 miles north 
of the east end of Leonard mountain. The place is not now inhabited, 
but it is marlred by an old open well sOHle hundred feet. deep. "Lobo" 
wolves are said to frequent t.he place. 
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Ftisulina, sp. 

Schw(rgerina, sp. 

Syringopora, sp. 

Olad1opora? (2 or 3 specimens) 
Lyttonicf, sp. 

Aulostc(!cS aff. gU(lclalupicnsi,s Girty 
Procluctu~ aff. purdoni Dav. 
P. semireticttlatu8, 2 or 3 varieties. 

ThouQ'h the evidence lS not quite clear, it is believed that there 
is an unconformity between the Wol£camp and the Gaptank. As 
has been alJ'eady shown, the upper part of the Gaptank is a 
thick limestone, which does not occur in a continuous exposure 
but caps some buttes that form a chain extending in front of the 
pl'inripal escarpment from Gaptank to a couple of miles weHt 
of Wol£camp. Thell' appearance snggcsts that this limestOlw was 
once outlicrs caVVillg hnttes carved out of the Gaptank fOl'ma­
tion Then is a snggcstion that the ,Nolfran::p extends down 111(' 
edges of tllese capping limestones, hut the evid(,nce is not clear 
and so far 110 hasal conglomerate of the \Volfcamp has been dis­
covered. 

The Hess Formation 

In that part of the GJass Monntains escarpment which begins 
with the sOllthernmost rirhw ('ast of Leonard Mountain aud ('x­
tends northeastward to Gaptank and from there to the north­
northeastward some three miles along the Marathon-Stockton 
road, we have a continuous exposure of a limestone that I hAve 
called the Hess Lormation. It was measl1l'ccl in gt'8;lLest (Je'"elop~ 
ment in the olil Hess Ranch. It forms tbe main part. (lr We "nntll 
ract" of this Ijdg(~ alld continncfl in the valley fo110w,'d by the 
Stockton rnad some 1,IYO or tIlI'ce miles farther north This lime­
ston(' is quite ulslinrt l'romother limestones in th" <lIaRS ='!iCPIl­
tains. It overlies the Gaptmlk anJ vVolfranlp LlHC0l1l01mably, 
and this Ulwonfol'mity rcpresent.s an old el'oRion pl;me w11i('h in 
the Gaptank I'egion has comc to lie several hundred fel'L bdow 
the top of tlle Woli'camp heds. This formatlon i" Lc<,[ developed 
in the old I-less ranch. At 1('a8t t11ree of the natul'al twctions l1e­
scribe these beds: scctions nnmbn's 0, 7 and 8. In ser1ioll :I, the 
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H0f'S beds attainrd their maximum thickness. DleaR1Il'in~ 2150 
feet. An average of the different kinds of material shown in 
these sections consists of 58 per cent. of limestone, 8 pel' eent. of 
dol,omite, or dolomitic limestone, 25 Pel' ccnt 01 "hale, 6 PCl' ( ent. 
of sandstone, and 3 pel' ccmt. of conglGmerate. 

The limestones of the Hess arc mostly thinbedc1ed, but the 10]'­

mation contains also several layers that measnre from five to 
ten feet in thiclmeRs. Tn almost all parts of the formation. Fu­
sulina occllrs, sometimes in abundlmce, The beds contain also 
various other foraminifera. A good part of the limestone is 
oolitic, but the oolitic grains are as a 1'ule very small, and can 
hardly be distinguished with the n[ll\ed eye. III tile llPPPI' ]lil1't 
of the formation there occur in some of the layel'Eol encrustations 
of calcareous material, whieh seem to have been Tolled aronnd 
organic fragments, mostly fusulinas, which appear in the center 
of these encrust rations. The encrusting material is thinly lami· 
nated. 

The color of this limestone is mostly light gray. '1'he individ­
ual beds have a uniform development and can be traced for com­
paratively long distanees. It can also be said that the general 
aspect of these limestones resembles that of the Rueco 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 correlation. In its upper part, fossils are quite 
plentiful in certain layers. It appears that dolorp.itization 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 fro.m 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 bJL1ish-li~ht gray in color. 'rhe sandstones .1!·( usnally 
free from limey material, have an open texture, and arc moder­
ately fine-grained. In places they show cross-bedding. '1'he 
basal conglomerate of the Ress consists mostly of limestone 
boulders, but it also contains some boulders of flint and other 
quartz. All the underlying formations are represented. It 
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varies from ten to forty feet in thickness. 
In section 7, the strata referred to this formation measure 

twice as much as in section number 5, and in the section 
]1umbel'ed 8, extending north from a point five miles west 01 
Oaptank, ,3 thickness of only 402 i\~d W8S 1I1(';\;,ured. BrosioJ1 
has h(']'e extended much farther' down than at the previously 
mentioned places. The extension of the Hess westward from 
I.Jeonal'd }I[onntain is llncertain. It may be present in the ]o,;ver 
pal't of Leonard Mountain. Some exposure seen in the base of 
the Rontllpl'm110st l'iche WCSt of the Ll OJ' \'{ OJ llltH ill shon](1, lWl"­

haps, be referred to the Hess, but further stnc1ies will he ne(~eS­
sary to determine whethel' or not this is the cuse. On the map, 
such an extelHlion is indicated, but from the knowledge that 
the present writer has or the cOl1(litions in that di'l'ection, it is 
eertaill that the Hess should occupy a more narrow helt than that 
indicated. Probably it will be found to appeur merely as small 
remnants hel'r and th(,1'e c1]OW) the I ilJn wh(-I'e tlic' Qutc]'(lP 0 [' DDS 
formation if{ loolwd for ;11 tIllS P:l"t ,t 111<' al'(,,1 UIlJCI' ron:wlern­
tiOll. 

That the IIes~ formation is separated from the Gaptank and 
\Volfcump by a con8idem bIe erosional unconformity is quite evi­
dcnt. The diffcrenccs in dip betwecn the two formations is not 
very marked. It is hardly to be infeI'J'ed that this unconformity 
of erosion represents any gl'eut lapse of timc, for the underlying 
beels are mostly shalcs with thin limestones and would readily 
yield to destructive forces. 

Thc I-Icss formation ean be said to be distinguished from the 
underlying Gaptank and \Volfcamp by a quite small develop­
ment of argillaceous snd sundy material and by an absel1(~e of 
conglomeratic material, except in its basal conglomeratc. Espcc­
ially in the upper paL't of the formation, it may be distinguishcd 
from thc overlying LeullHl'.l ill lLwm~~ \l'dl dcfinud he,l, ling 
plancs. Some of these are so strnight and so well-marked that 
the rock on weathering may split into large separate leaves not 
more than one-sixteenth inch in thickness. Such lamination I 
have never seen in the Leonard. The following brachiopods 
have been identified by Dr, J, W. Beede: 
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Rhipidolnella sp. (very abundant) 
PugnaxY sp. 

Calnarophurw at!. Purdoni Dav. 
Enteletes nil. vVa(lgeni Gemm. 
H1lstedin papillrtfrl Shumard 
H. 1nee/cana Shumard ( ?) . 

Squ,(!lnu/arin sp. 

A persistent feature If I,h'2 I:1\Hl~l 0': thj~ fnrmaiioll If, 1ho g"J1-
eral presence of ostl'!l('(hls ('ll 1 ,j' fCI'lI1lUllliNd 

The Leonard POrmation 

The formation which makes the greatel' part of the south face 
of the [leonard Mountain has been given the name of this prom­
inent feature in the landscape north of M'arathon. It is described 
in four of the p1 eceding r-:ections: 2, 8, 4 and 7. In I"ection num­
ber 2 it has its greatest deYolopment, measuring, with an unde­
termined part of the underlying Hess, 2100 foet in thickness. 
In sections 3 and 4, the same sediments measure 1855 feet and 
1878 feet, respectively. The determination of the base of the 
Leonard in each of these sections must, however, await furtbe[' 
studies in the field. Evidently the entire formation is shown in 
these three secticns. In Section 7 it is represented by a thickness 

. of only 206 feet. At this point the larger part of the formation 
is likely faulted out, and it does not appear on the surface, 
except for a small part of its uppermost shales and limestones. 
Lithologically this formation is characterized by the presence of 
boulders, pebbles and sand in nearly all of its limestones. From 
t.op to hase. it contains IHyers of coarSA 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
tions immediately underlying. In the 10'wer two-thirds of the 
formation the limestones and conglomerates are predominant. In 
the remaining one-third, shale eonstitutes the larger part of the 
formation, intercalated by well cemented calcareous shell brec­
cil1s. Throughout the IJeonard, 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 the 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 itR leRR regular development of 
bedding planes, by the far less perfect sorting of its clastic com­
ponents, as well as uy the general abundance of fossils. It can 
be distinglliHhed from the overlying ,¥ord formation by the 
cOarser and less well sorted nature of its sanc1R, 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 
11p tho T~eomlrd formation is about as follows: limestone 38 per 
cent.; dolomite, 4 pet' cont.; shale, 42 per cent.; sandstone, 5 
pCI' cont.: cOllglomerate, 4 per cent.; not known, 7 per cent. 

Dr. Bose has described several ammonoids from this formation. 
These occur in two horizons. One of these is in its lower or mid­
dle part, in some sandy limestones; the othor is in the basal part 
of the clay shale, which forms the upper 600 feet of the forma­
tion. From the latter we have Mcdlicottia Whitneyi, Perrinites 
vidriens'is, and apparently also Pen'inites comp1'esStlS. Parale­
goceras altudense and Gast1'·iocM'as altndense occur in what ap­
pears to he th(' TJoonard, sonth of AltndaMountain. 

The (,,orals, the bryozoa, the peloeypods, and especially the 
brachiopods of the Leonard are many, and in places profusely 
represented. JVIany arc yet unknown. Dr. Beede has provision­
ally identified the following known forms: 

Domop'ora tCT1ninalis Girty? 
OamarophMia afJ. g'igantea Diener 
Ohonete8 Hillanlls Oirty 
Husteclia p(~pellat(1 Shurn. 
1I. mcelcana ShU11t. 

P1"ocluctU8 Sllbhorridu8 regnlatus Girty? 
Procluctus g1'OUp inclic118 or sino·indicu8 
P. meelwnu8 Girty 
Richthofcnia permiana Shurn. 
R. Udcleni' Bose 
Spiri/crina hilli polypleurus Girty 
Strophalosia hystricula Girty 
A.vicnlopecten sp. 

N'ucula sp. 
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It is believed that the Leonard is to be correlated wiih the 
Olear 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 ·contains many 
of the forms noted in the Delaware formation by Girty. 

The Leonard formation underlies a belt from three to 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 ill thl: Gilliam 
'Canyon, and then continues in the same direction as before, f,orm­
ing the main part of the sediments in the second ridge caNt of 
Hess Tank. From here it narrows rather abrnptly and is be­
lieved to be £a111te(1 down from the surface. It at last disappears 
below the surface at a point about five miles northeast of the 
boundary line between P~cos and Brewster counties. 

The TV orcl Formation. 

'l'he 'Vol'd formation is named from the 'Vord ranch, through 
which it extend". It consists .of sonw 800 feet of sediments wlnch 
extend in a belt a qnarter to a half mile wide, from the Ord 
Range, crossing 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 Hess canyons, to some 
distance beyond the Pecos Oounty boundary line, where it disap­
pears under the Oomanchean cretaceous. The principal litholo­
gic feature which characterizes the upper part of this formation 
is the preSPDCO of an arenaceous rQ(~k different from the sanoy 
members in any of the other formations shown in the Glass Moun­
tains. It is a rock that changes from sandy limestone to ca1-
C<Jl'eOU8 sflJ1(lsiolle in which the Hand is well sorted and tine­
grained. The rock is usually even~y bedded and in places finely 
laminated. In the laminated phases of this rock, ther'e appear 
traversions which follow the bedding planes and resemble worm 
tracks. :B'requently they form crossed irregular networks. Tho 
traversions are narrow, usually measuring about one-eighth inch 
in width. In places 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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dIe part of the formation the sand ingredi€nt is coarser and is 
often mixed with oolitic matcrial where the ooliths measure 0.5 
mm. in diameter. 'rhe lower part of the formation consists 
mostly of shale with interbedded layers of sandstone and lime­
stone. 'l'hese sandstones an~ or coarser texture than the upper­
most sandstonm1. The \Vord formation is present in most of the 
natural sections examilled, as in the se(\tions numbered 1, 2, 3, 4, 
6, 7, and possibly 8. On an average all of the sections examined 
in tIllS formation consist of about 38 per cent. oj' limestone, 12 
per cent. of dolomitic limestolle, 8 pel' cent. of shale and clay, 
Itnd 40 per cent. of salldstOllP, of the indeterminate and variable 
nature indicated above. In section number 2, the beds meas­
ured show a much thicker developnll~nt of the upper sandy mem­
ber and these uppermost beds are charactrrized by concretionary 
and lenticular structures not noted in any 0 f the other sections. 
It is therefore believed 1 hat they represent a part of the forma­
tion which is eroded in the other sections, and that the maximum 
thickness of the vVord is nearly 1500 feet. Similar conditions 
seem to prevail in section lllllnbet' 1, southeast of Altuda, but at 
this place some faulting has o(\currcd and it was not possible to 
accllrately determine the thickness from the outcrops examined. 
In the other sretl0llS, the thiekllCHs of the Word, as measured, 
ranges from 579 to 792 feet. 

The lower member of the -Word consists of a thin-bedded, com­
pact, bituml110us limestone which weathers white. In this a 
doubtful fragment oE a saurian bone was noted, and small fish 
scales which occurred together with the pygidium of a small 
trilohite. Some 500 feet above the base of the formation there is 
a sandy oolitic limestone which contains a rich cephalopod fauna. 
From this Dr. Bose has described the following ammonoids col­
lected mostly from a locality immediately southeast of the junc­
tion of the Hoad and the Gilliam canyons': 

Adrianites nwrathonensis 
Agathiceras Girtyi 
Gastrioceras n. sp. 
G. roa,dense 
]f8dlicottia Burkhardti 
Paraceltites at!. elegans Girty 
P. multicostatus 
Stacheoceras BOtIJmanni 
S. gilliantense 
Wa(1genoceras Dieneri 
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Other invertebrates ,yhich have heen determined by Dr, Becde 
are as follows: 

Guaclalupia cyUncl1'ica Girty? 
Fusulina, elongata Shumard 
Chonrtes s1tbhratl1s Girty 
Enteletes globo8US Girty 
Lyttonia, americana Girty 

Meekella skenoicles Girty 
Procluctu8 cf, signrrtlls Girty 
p, orientaiis New l) 

Ric71tho/enia pcrmwna Shurn. 
R. U clcleni Bose 
Spiri/erhw BWmgsi Shurn. 

Apparently there is no doubt that th(' Word formation be­
long to the Delaware dcposHs of Girty in the Guadalupe Moun­
tains. It also represents the main part of the Double Mountain in 
central Texas. 

The Word formation seems to be con formable with the Leo­
nard, which underlies. It will be remembered that the upper 
600 feet of the Leonard consisted essentially of shale. After the 
deposition of this shale the couuilions in the ancient Permo-car­
boniferous sea changed a brnptly at the beginning of the Word, 
permitting the acculllulatic)ll of calcareous deposits mostly frce 
from argillaceous matel'ial. l~atel', there was a return to the 
former condiJionR. The geogl'aphicm.l condition indicated by the 
tine-textured and sandy, calcareous material is that of a shallow 
sea with drifting' bottom Cllrrents. 

The present H,uthor believes that an unconformity between the 
\\Tord and the Vic/rio is indicated by the uneqnal development of 
the upper part of the \V ord, under the overlying Vidrio. 

The Vidrio FOI'mation 

'1'he Vidrio formation takes its name from the Spanish word 
for glass, often used among the local Mexican population as the 
n~me for the Glass Mountains. The formation is the most con­
spicuous part of the Glass Mountains. It eaps the highest ridges 
and small plateaus of the range, from east of Altuda to the Bess 
canyml, and exiends beyon<1 this over the north slope of the 
mountains to near the Stockton-Marathon road. Its full thick-
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ness has been seen only in the Gilliam Canyon section, where 
it measures 1700 feet. 

'1'his limestone is mostly dolomitic and forms thick beds in 
which bedding planes arc poorly developed, if at all present. In­
dividual beds may measure a hundred feet. At its northernmost 
eXposUJ'e, Oll the east side of Gilliam Canyon, it is obscurely cross­
bedded on a large scale. In many places the rock is clearly brec­
ciatecl, also on a large scale, and consists of large broken blocks, 
strongly cemented by fincr matcrial. It is to be noted that brec­
eiation is less common, and bedding planes are better developed 
in the east and west end of the mountain, than in the region near­
cst Iron Mountain. This circumstance snggests that tectonie 
forces may have eontributed 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 chamcterized by clear erys­
talline tl'xtnre throughout, mostly quite fine-grained, the crys­
tals measuring frequently no more than 1 mm. in diameter. In 
a few imperfectly dolomitized layers crystallization is not com­
plete and there appear traces of an original cla~tic texture. Tn 
other strata, again, the dolomite contains small pockets of cal­
cite, evidently formed after the rock became 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 scattered grains in some layers 
in the lower part of the formation. 

In places where the rock is least dolomitic, fossils are some­
times to be seen, and it docs not appear unlikely that some of 
these places may on dose examination yield fossils that may 
throw some light on the age of this member. So far no collec­
tions 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, Ai'l already stated, it is believed that an un­
conformity separates the Vidrio from the underlying W orcl for­
mation. The principal reason why I believe such is the ease is, 
as has also been explained, the great thickness of the Word in 
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s'ections 2 and 3, and especially the occurrence of several hun­
dred feet of sediments in the upper part of the ,Nord in section 
2, that are di ft'erent from any beds examined in the upper part 
of the Word elsewhere. The contact between the two fOl'mations 
is sharply marked almost in every place where it has been seen. 
Almost everywhere the upper layers of the Word are found to 
be beveled oiI, if followed any dist:mce, and the Vidrio c,omes 
down aCl'OSS the beveled edges of the layers. In places this bev­
eling extends down acrOss the edges of twenty feet of rock, or 
more, in a short distance, as seen in the vicinity of Sullivan 
Peak. In fact, this contact would seem 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 sugg'est that these apparent nnconformi­
ties may be dm~, not to erosion of the underlying rock, but to in­
cidental gouging into the less competent underlying rock by the 
much more competent massive limestone above. Even if this 
contact represents an erosional l1nconfol'mity, as I think likely, 
many of the apparently typical unconformable contacts of the 
two formations are, in my opinion, the result of squeezing, and 
gouging of this l{incl 

The Gilliam Fonnation 

']'he 0illiam formation takes the name from Gilli.am canyon, 
where it is exposed in the bluffs of the narrowest part of the 
canyon, beginning at a 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 
Monntains, and probably southwestward on the northwest slope 
of the mountain. Its ar('al extent has not been mat.pped, and in 
the map accompanying this report, this formation has not been 
separately indicated from the overlying T-esscy formation. 

The Gilliam consists of yellow dolomitic limestone, in places 
pinkish, and even brownish in color. '1'he 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
pllant tank there occurs in this formation a hrown sandstone 
some twenty feet in thickness. This sandstone hall also l)cen ob­
scrved ill l1w Oilliam eallY,cn, and it seems to be> (Juite perHistent. 
'1'he salld in this roek is well sorted and is of the average t('xture 
of "an dstolle'l. The Gilliam formation has a thiclmess oj' about 
740 feet. 

From thr appearanc() of s'everul thin section" of the dolomite 
in this formation, it seems to have nndergone eonsidm'ahle 
change after it was lai(l down as a caleareons mud in the sea. 
Its cr,YHLalline texture is rela1ively coarse, in its upper part, con­
sisting of crystals mosHy from 0.6 to 1 mm. in diameter. A 
very thinly laminated pirce of rock from the lower part of the 
formation showed traceR of some foraminifera, sueh as rrl'ocham­
milla ::-mel Ammodiscns, which apprared to have been ahundant 
in the original sediment. In another thin section was observed a 
grouping' of lh(' crystals s11!zg('s1im. an original (;JHstic tex1nre 
of t1w rock In most sections ;111 traces of [mch tcxtnre have 
disappeared. In places, sections can be obtained that show min­
ute podmts of calcite, evidently introduced after dolomitization. 

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

'1'he contact between the Gilliam and the Vidrio is well marked 
in the Gilliam canyon and in localities lather east where it has 
heen observed. The two formations appear everywhere to be 
conformable. Upward there is a gradual tram;ition flom the 
laminated rock of the Gilliam to less distinctly stratified lime­
stone of the Tessey formation. 

The Tcs>sey FormatiOn 

The Tessey formation has been so named from a postoffice noW 
defunct, hut once located about two lniles north from the mouth 
of the Gilliam canyon. 1 t consists of a mostly unstratified dolo­
mitic rock, quite like the Vidrio in general appearance. Al,ong 
the Gilliam eanyon 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. In 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 finely oolitic and was found in some thin sec­
tions to contain shr('ds of bryozoa and a few minute foramini­
fera. In its upper pm't lwar 1he mouth of the canyon ,one layer is 
entirely ealc'al'eons and has an abundance of Fusulina. Not far 
from this same layer the writer observed, some years ago, an im­
perfectly preserved ammonoid of unkn(}"wn relationship. 

It is believed that the Vidrio, the Gilliam, and the 'ressey for­
mations are in part the equivalents of the Capitan limestone in 
the Guadalupe Mountain. Together they l1ave a thickness of 
8800 feet, which is more than twice the known thickness of the 
Capitan limestone. The th1'ee formations are conformable and 
dil) to the northwest with an angle of abont eight degrees. 

'The C01Hanchean Cretaceous 

Bnt few obsel'vations were made on the Comanchean sedi­
ments, which generally overlie the Paleozoics farthest ont on 
tllO west and north slopes of the Glass Mountains. These ha,Yo 
also been tilt('d, bnt to a lcs~el' extent than the older rocks. Dips 
of two and three degree'S are most frequently observed. The 
ancient erosio11 plane' (~ntH :-dantingly across first the Tessey, and 
the Gilliam formations, and into the Vidrio. We find outliers 
of the Comanchean bmml dep()f;its on some of the highest sum­
mits of the monniaim. The basal beds vHl'y from sand and lllarl 
of small t hiclmeHs, immediately overlain by limestone on one of 
the summits, to tlri(~k, roarse boulder conglomerates at the mouth 
of Gilliam canyml. In some 1mttrs neal' this place, the Coman­
ehean contains thick heds of bright red sandy marls. ']'his vari­
ation in the nature of the material as well as the different fossil 
contents of the Comanchean at different points, S11OW8, I believe, 
that there is here a loral overlap of the Comanchean caused by 
the existenee of considerable relief in the land at the time of the 
transgression of the Comanchean sea 

'The Ple,istocene 

On the south ~ic1c of the narrow alluvial bottom in Gilliam 
Canyon, right abovr the point where it enters the Gilliam lime-
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stone, there is a terrace which riseR perhaps fifty or sixty feet 
from the alluvial bottom, and follows it for a mile or nwre. 
This terrace oon:,;ist8 of mostl~; cah~a["eou" material, from soft 
marl to boulder conglomerate. In some places it is soft and 
in other places quite indurated and cemented RO aR to resemble 
layers of limestone. Terraces of this kind mc not otherwiRe 
often seen in the reginn. It is mentioned merely for record. 

ECONOMIC NOTES 

1vlctallic Minerals. 

The mountain-making forces which rc~sl1l1ed in the Marathon 
uplift Qo not seem to have been accompanierl with any notable 
mineralization in these mounta.inR. '1'he limestones of the Per­
mo-carboniferous haY(> berD hut Rlightly altered. 'l'hey have no­
where been changed to marble, not even in proximity to the local 
intrusi ves. They ha vc not been much faulted and still less fis­
sured. The only locality where anything like mineralizat.ion 
has been noted is on flo spur of limestone near t.he contact. of 
t.he Paleozoiml with the Comanr~heHn, rxtending from northwest. 
to soutlwast ahout six mil(~s north and two miles eust of Altuda. 
At this point t hrt"e is a Will of fairly dear (~alcite, nearly forty 
fret wide, rxtending ill fill east and ,vest direction. Not far from 
this vein there :Jl'r some fillings of rod iron ore in ,yhat appears 
to he cav81"n-like openings in the Vidrio linH'st,one. On one side 
of this ferrll!6nom~ lilling it is impregnated with carbonate of: 
copper, which h:ls beon rX11lOloc1 in a shallow excavation. In the 
ralcite yein no imprl'gnations of either i1"ein or c,opper were noted. 
The locality was for f:iome yeurs 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 mill'S llorthenst of: Leonard Mountam. 
All of these mineral OC(:lllTcnCCR arc so small as to offer no 111-

dlH'('Tl1Cnt to c1rvdnpmcnt. 

Oil and Gas. 

Oil hus heen found in some wells west of :vJaratholl; the most 
important find being, perhaps, the test made on the Hargis 



56 University of l'c;r;as Bulletin 

ranch, south of the railroad, and a few miles west of Marathon. 
The boring which yielded the oil is near the contact of the 
Peimsylvanian 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. OthOl' attempts to locate an oil pool have been made north 
of the railroad on the Wedin l'anch. In 1909 Mrs. Ava G. 
Scribner leased some land and began drilling. A hole 1045 feet 
deep was finished in ] 911. This boring is in the northeast part 
of Seetion 43, Block 4, O. C. & S. F. Ry. 00. lands. The surface 
rock here is some part of the Gaptank, whieh dips at a high 
angle to the northwest. Later, another well was bored on the 
northwest quarter of Section 44, in the same bloek, to the depth 
of some 600 feet. Salt watel' was reported in the first well at 
from 600 to 700 feet, and some fresh water is said to have been 
encountered helmv this. There were small showings of both 
gas and oil. The location of none of the foregoing explorations 
was selected with reference to geological structure, and the bor­
ingl'; cannot be regarded in any sense as any tests proving or 
disproving the possihility of finding oil in the formations ex­
plored. There is a well defined anticline at a point about four 
miles west of Marathon, which crosses the country from north­
east to southwest. No doubt some other anticlines exist in the 
area hetween t.his point. and the southernmost ridges of t.he Glass 
Mountains. 

Looking at the ancient. Marathon mountain struct.ure as a 
whole, it does not appear unreasonable to regard it as suggest­
ing t.he possibility of t1.e existence of buried structures in which 
oil may have accumulat.ed, farther t.o t.hc northeast. If we t.ake 
int.o consideration all that is known concerning the trend of 
this structure, of t.he ancient Marathon mountains, all the way 
from the Solit.ario uplift on the Brewster-Presidio county line 
to the nort.heast, the general trend of this structure, as near as 
it can be made out, is north 40° east. At t.he last exposure of 
thf' Pennsylvanian to the northeast, at a point. near the Puring­
ton ranch, where the Dimple formation o'Ccurs, it has a t.rend 
in the direct.ion north 60° east. There can be no doubt 
t.hat. this struct.ure ext.ends a considerable distance northeast 
under the overlying Oomanchean 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 these old formations 
has undergone any modification exeept that it may have bern 
cut down to a lower level in this direction. The same, we may 
say, is suggested also by the isolatcd uplift coming up through 
the Comanchean in the Madera Mountains, which suggests also 
that there is no narrowing of the folded region in this direction. 
From my observations on all parts of the Glass Mbuntains 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, therefore, that 
most of the folding of the Marathon mountains antedated the 
deposition of the latest Permo-carboniferous sediments. I be· 
lieve that the redbeds expol'ed in the Peeos Valley overlie the 
Tessey formation. '1'hese and the overlying Comanchean have 
therefo1'e 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 redbecls 
and the Comanchean limestones. 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 Pennsylvanian may be found away from the exposures 
in the Marathon COUlltry no one can say, but it would be no 
surprisc 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 
Monntains, the Comanchean limestones have been slightly tilted 
and that outliers of this formation occupy some of the highest 
points on the mountains. This cannot be altogether due to an 
overlap. It certainly represents a slight uplift in post-Coman­
chean times. From what is generally known of the geologic 
history nf the mountain-building forces, it is quite reasonahle 
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to suppose that post-Comanchean distul'lmnces should have hl hn 
place over more than one part of a buried mount am system, 
such as that of the Marathon uplift. It ought fot this reaflon 
to be practicable to find out ho,y far in a northeast diree1ion 
this nplift probably extends, for it can be expect.<'d to ])(' marked 
by at lpast some slight elevation in the later Comanchean srdi­
ments. We have here a geologie problem, the solmioll 01' whidl 
may he of 'deeided ef'onomic significanee. In tllp disll'ilmtion 
of the Comanehean along the North Concho :111(1 the Colm ,ulo 
rivers. thell' is nothi119,' to eHpecially fmggest Huch an up­
lift. The cOlluitionH in the COlllltJ·y to the ne'l'a,enst of the 
Glass Monntains, along the Pecos river, ale :,ingl1:al'ly favorable 
for the testing of such a theory. The ComalwhefllL limestone'S 
contain several sharply marked horizons tha~ Cdn he followed 
for long distances in the southwest part of Ppcus county, and 
in most. of Upton, Reagan aud Crockett C0l111tlCS. (..,!uite aC'­
curate measurements of any structure prespnt can certainly be 
made. It is, however, a region where very lil j k work hn~ yet 
bcen done, and in the absence of any aecurate knowledge l.f the 
conditions involved. further specnlailons seem unprofitable. "Ve 
can only Nee that. in the buried ullconformity which rCf'taiuly 
must exist between the lower folded Hel'les t'ltd the o\'edyjm~' 

merely gently folded or qnite undisturbed Sf'dllIlC'lltS, t]1 c re are 
natural ehances for finding accumulations of gUH as wp11 a::; 0,1. 

Drilling should not be undertaken, however, before n thorough 
geological examination has been made whereby the exceedingly 
small chance of making the right loration for a test may be 
materially increased. 

Water 

rrhe great thickness of the limestones 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 Irould appear to be on the shaly beds of the 
Word and the Lpon!l "rl 1'''''l1"d ions, 'where these rilll 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 bas 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 hOll Mountain. The most reliable water supply in these 
mountains will no doubt always be stored surfa'Ce water. 
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GEOLOGIC EXPLORA'I'ION OF THE sou'rUEASTERN 
:B'RO:NT RANGE OF 'l'RANS-PECOS TEXAS 

BY CJ-IARIJE8 L.HJRENCE B \'KER AKD W. F. BOW:;W.\N 

Introcluctiun 

'1'}1(' eastern Front Range of th(' vYestern Cordillera in Routh­
ern '1'rans-Pecos 'l'exfls is the ea~iernmost pOl'tion of that great 
mountain system wiLhin the territory of the Unitel1 States. It 
is also tl1(' only known regioll ill [h(' ('niire Westprn Cordillera 
of North Am('rica where the laicr Paleozoic Loldillgs of the 
mountain raJ12:CS of ihe eastern United States Dre found to­
gether with thr mountain-makill'~ movement~, of lTInch IntOI' 
dates, whieh formed the -Western Cordillera. Every mode of 
mountain formation is t1w1'e l'opl'e~entec1. Furthermore, the 
Permo-Carhol1ifrrous rocks haw' in this region a greater develup­
mont than in any other known regi(lll. F'o1' these 1'ea"ons I;he 
~outhcrn 1'r"ns-Pecos couniry is one of ('xeeptiollHl inter2<:t to 
the geologist. 

Gene'ral CharacierisliGs of the Ji"l'ont Range 

Trans-Pecos Texas is that pari d Texas 1311 uai cd we~1 of the 
Peeos River. Ii. is a region m[lc1e IIp of tw;) kinds of eountr;': 
a southwestern or mountainolls portion, [In<l :1 110lthpHSiel'll or 
plains portion. The mountainous region is a pal'i 0" tho 2Teat 
vYestern Cordillera of the Western Hemisphere', VdllCh sLl'etches 
all the way from Alaska to Tierra del Fuego, an, lIla::; its <:l'eai eRt 
wlclth in the ('cniral belt of the vY(,stel'l1 pOJ'1 i on {If the United 
States. The Trans-Pecos portion of the Co)'(lilkra lies c'll the 
eastern margin of the belt and llGgins at th.: :-Tl1w Me,\:lco line 
just north or the line where tho individual rangt's oj t1w (~0l'(1iI­

lera brgin to change from a llouthwanl to a southeat>tw::q'd dI­

rection. '('he dominant struciural feature of the 'rrans-Pe(;os 
Texacs is the eastern Front Range of the Cordillera. The por­
tion of the eastern Front Range included between the line of the 
Texas and Paeiile Railway and the Rio GrandI' will be tho 
subject of this report. 
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The }I~ront Range is the most impressive feature of the entire 
Trans-Pecos countl'Y, In the peak of EI 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 Ramre rises abruptly above the plains on the 
cast, There are, however, a number of gaps through this monn­
tain barrier, These g'aps 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 '1'exas and 
Pacific Railway runs. Next to the south is the gap made by 
Limpia Canyon throngh the lava flows of the Davis Mountains, 
'1'he road from Alpine to F'ort Davis runs in the gap of Musquiz 
Canyon. The Sonthern Paeifi(~ Railway utili?;es the valley of 
Paisano Creek. '1'he road to Terlingua climbs the lava ridge 
sonth of Alpine. The l1('xt road to the south, crossing the 
range, passes through Doubtful Canyon of Dugout Creek The 
road f),om Marathon to Terlingua passes through Del Norte Gap 
and the l'oad from Marathon to Boquillas through Persimmon 
Gap, AnothC'l' pass, followed by a ,~agoll road, is afforded in 
the southern e11(l of the Santiago Range by Dog Canyon of 
CaJamity Cr~ek. For the entire length of the Sierra del Car­
men there is not H single pass utilized by a road. 

The structural trend oj' the Front Range determines the 
courSCR 0 f the Rio Grande and Pecos 1'iVC1'S. 'fhe parallelism 
of the courses of the Front Range and of the Rio Gl'ande from 
EI Paso to the sout.hernmost point of the Big Bend is extra­
ordinarily striking. When tIle effect of the subsidiary strut'ture 
of the lVlarathon domc is taken into account, the parallelism 
of the Front Hange and the Pecos HiveI' is hardly less striking. 
The Front Range abo determines the structure of the plains east 
of it, the l'oek Htrata of whicll dip gently away from it. 

'rhe }lll'ont Hange north oj' the line of the Texas and Pacific is 
not so striking a, feature from the cast, beeanse the Delaware 
and Guadalupe mouutains whieh form it rise with gentle slope 
from the plains and have their preeipitolls slopes facing west. 
They are conspicuous examples of hogback ridges or cuestas 
formed of gently dipping resistant rock of monoelinal stl'ucture 
with esearpments facing on the siae opposite to the dip of the 
rock strata. 
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The Front Range between the two railroads i~ 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 color which lorm almost everywhere 
steep cliffs at their outcr edges. J'he Davis MOLlntains extend 
no fm·ther south than Paisano Pat-:s, hut the lava flows continue 
to the southward fae into Mexico. 

The summit range 01' the Davis Mountains is generally known 
as the Sa'wtooth Range. 'rhe highest peak is Baldy or Liver­
more Peak, 8,382 feet in altitude, which is probably the second 
or third highm;t summit in the state, being surpassed only by 
one or more peaks in the Guadalupe Mountains. The Davis 
lVfollntains are est-:entially a broacl plateau or mesa of lava, the 
smface of which has been gently folded. The margins of this 
tableland rise abruptly to 11 eonsiderahle height above their sur­
roundings. The streams draining the plateau wt through its 
l1lmgins in deep and Hleep-walled ean,l'onR. One of these, ~l[a.­

dera Canyon, is 2,000 feet in depth and perhaps the deepest 
canyon in Texas. 

'I'he Barilla MOllntains are sepal'ated from the Davis MOlllltains 
by an area of depression followed by the southeastward-flowing 
Limpia Oreek, and a northwestward-flowing tributary of 'Coyah 
Creek. This depression is a steneiural downfold or syncline 
in the lava and unde1'lying rockH. The Barilla }loLlntains nre 
made up of three anticlines or arched folds of la.va and under­
lying rocks with two intermediate synclines. 

Some of the sharp peaks in the southern part. of the Da.vis 
Mountains, as for instance, Mitre Peak, in their form and po­
sition suggest necks of old volcanoeR. The only volcanic neck 
yet known for a certainty, howevE'l', occurs just west of the 
Alpine-Fort Davis road near the mouth of Musquiz Canyon. 

South of the Southern Pacific Railroad the Front Range is 
followed in a southeastwardly direction successively by the Mt. 
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. 'rhe 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 Crctaeeons age. The trend of t.he 
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Mt. Ord Hange is a very little eaHt of south. The range uerives 
its name from Mt. Ord, one of its highest summits, 6,650 feet 
in height. This peak forms the highest pinnacle of a west­
wal'cUy-<lippilll'r rmesia of red lava, with an abrupt descent on the 
eastel'll 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 
as a sharp "errated Ci'Pst. 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 little cast of south to Del Norte 
Gap. 

The Santiago Range begins at Del NOl'te Gap on the north 
and trends first southeast, then due south, and again southeast 
to Dog Canyoll, where it tUl'llS rather abruptly to a little west 
of south and ihen comes to an end. The l'ange derives its name 
from Santiago Peak, an intrusive mass of igneous roeIe about 
6,450 feet in altitude. '1'he highest summit of the Santiago 
Range is a limestone mountain southeast of Santiago Peale. ']'he 
axis and cregt of the Santiago Hange is a single anticline of 
Comanchean Cretaceous limestone. Locally the anticline is over­
turned to the wesl, and nom:picuollsly so at Dog Canyon. The 
same ant1(~line is also iocally overtul'ned ill the sonthern part or 
the Mt. Ord Hange. Doubtful Canyon of the Dugout Crr ek 
branch of the Maravillas Creek in the southern NIt. Ord Range 
and Dog Canyoll of the Calamity Creek branch of the Maravil­
las, neal' the sonthern enrl of th() Santiago Hange, both cut en­
tirely throngh the Front Range and arc antecedent in their 
ongm. Persimmon and Del ::-.lOTte gaps may possibly once have 
been occupird by nntecedent streams, but t.hey are now wind 
gaps. There is only a minor amount of igneous rock in the 
Santiago and Carmen ranges. 

The Sierra del Carmen is a mountain range which has mm:t 
of its development on the Mexican side of th() Rio Grande. In 
its Texas portion it consists or a number of blocks, probably 
eight at a maximum, of very heavy and massive Comanchcun 
Cretaceous lime~tone, clownfaulted on the east sides, whieh are 
precipitous; and with gentle westward slopes of the typical 
cuestas. Th() st1'11etu]'al and orographic trend of the range is 
south-sout hrast. 1'hr rangr begins southeast of the Santiago 
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Range in a sel'ies of monoclines, passing to the soutilea'St into 
anticlines, and 8tiJl farther southeast into faulLs. rrhe antc­
eedent Rio Grande crosses t.he Sierra del Carmen in a sel'ies of 
,leop and narrow canyons, 

The above is a description of tho various portiow; of the 
Front Range a.s separated by curt'ent usage, li'undamrntally, 
on the basis of both structure and ol'ography, there are 1mt t hl'C'e 
ranges; the northerlllllost, composed primarily of rather gently 
deformed volcanic 1'0eks, extending from t.he Texas and Pacific 
to beyond the Rio Grande, and eomprising the F'ront Hango 
only in the Davis and Barilla lVlountains"'; the central, composed 
of the single anticlinal ridge of lime::>tone from Altuda Mountain 
50uthward and southeastward to tllC stl uctural and orographic 
end of the Snntiago Range beyond ])og Canyon; and the t-\outh­
easternmost, or Sie]'r:" del Carmell, with its fanlt blocks. 

UC/lr,}'(/{ C11({},((( ieJ'i.~[i(', oj' ['hI' 1)/I(i/l" Count!"!! Ra.st of tile 
Jhont Ra lI(Je 

'1')1(' PI \'111 Hmwr :1" HhoV(' drfiJleci iR llOr coineidellt with the 
PRSt\)lll limit of f01(linv- d lhr Cordill('I',,', The latlf'l' lies east 
of thr fOl'm('l' ill t hr 1'I'gion 1)('\ W{'Cll i hI' rl'c'xas and Pa(~ifie l'nil­
]'ond and the [i,io (iJ':111lle. !<~w"t of the Pl'out Hang'e propel', 
]ow(']' f'01<1" Hl'e fOlln,1. rrhes, diminish in Humher nud impol'­
inllee io tllC e:u;t, nntil finally the structure becomes a gentle dip 
of the roek strata away from the mountains. 

'1'he subsidiary folds playa minor part north of the line of 
the Kansas City, Mexico and Orient Railway. One is known 
just east of the Bllrilla Mountains and another past-northeast 
of the Musquiz Canyon through which the Orient Railroad run~, 
But from the Glass Mountains southward and southeastwanl 
to the Rio Grande are a number of these folds which form im­
portant clements in the structure and topography, '1'he Sierra 
}Tadel"3 is a small dome of massive Permian limestone. Another 

~Other Texas mountain8 made up of this general lava flow are 
the Ord, Sierra Bofecillos, Tierra Vieja, Chisos, RosilIos, and Cora­
zones Mountains, ~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 prevfliling 
physiographic types. 
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dome of far greater l~xtent is that which was once existent over 
the region of the Marathon basin but the top of which has been 
removed by erosion. rrhe Marathon basin: is a conspicuous 
topographic feature. From it streams drain both to the Pecos 
and the Rio Grande, V,nd it is rimmed in Oll all sides by cuesta 
escarpments of limestone, the strata of which dip away from 
the basin itself. The l~enter of the basin is made up of a series 
of miniatun~ mountain ranges, trending northeast and sonth­
,YCst in white-crested l'idges of rough and jagged outline. Be­
bn~en these cent.ral ridges and the bounding escarpment is, on 
an sides except the bontheast., a low, flattish, soil and gravel­
('ov('red area. 

On the south and southeast margin!'; of the Marathon dome 
are i>ome lolY subsidial'Y anticlines with their axes t.l'ending par­
allel to that of the FI'out Rauge in their latitude. East of thl' 
Sierra del emmell, four long low antidinei> cross the Rio Grande 
in that part. 01' its course between the mouths of the Maravillas 
and San Hramisco creeks. These antidines arch up the massive' 
strata of the Comanchean Cretaceous limestone and form long 
swells 01' l'iugel., in the topography. Across their axes the ante­
cedent Rio (j rande cuis in a series of canyons over a thousand 
feet 111 depth, affol'fling probably the most impressive scenery 
in thc State (J:<'rontispieee). 'l'he upprl' reaches of the major 
drainage courses, the Maravillas and San Fplneisco creeks, arc 
broad, meandering valleys but upon entering the region of j'('­

eently folded limestoncs, they develop cleep and narrow canyons, 
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, Ht 
the southern margin of the Balcones Escarpment, is one con­
tinuous canyon earved through the massive beds of Coman· 
chean Cretaceous limestone. The Peeos River is a very incoll 
spicuous 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 canyon for the remainder of its course. 

'l'he Toyah Basin in Reeves and Pecos counties is both a struc­
tnral and physiographic basin. Its 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
iug rock is Permian red bed;;. East of the Guadalupe, Delaware, 
and northern Davis Mountain;;, the strata dip eastwardly un­
derneath the basin, north of the Glass Mountains they dip north­
wardly, thus forming a basin-shaped structure. 'rhe 'J'oyah 
Basin is really the southern end of the great geo-synclinal basin 
of the TJlano EstalCado. This geosyncline was formed long pre­
vious to the latest deformation oJ' the Front Range region. 

'Ilhe dominant physiographic type of the '~'rans-Pecos plains 
iN the limestone-capped mesa. In the arid climate of the 'rl'ans­
Pecos region, limestone, because of its homogeneity in eomposi­
tion and its imperviousness to water, is the most resistant rock 
and forms the topographic prominences. 

The extreme range in elevation in the southern Trans-Peeoi"! 
]'(~gion is from R,382 feet in the summit of Baldy or Livermore 
Peak, to 1000 feet at the mouth of the Pecos. 

Ol~)nate. 

Trans-Peeos Texas pOHsesses a more eql1alJle climate than, any 
othel' portion of the Uuited Siates except southern New Mexico, 
the imlll(odiate coaRt of Ronthern California, and the peninsula 
of Florida. The mountainous portion possesses as typical a con­
tinental climate as any portion of the North Ame['ican continent 
except possibly the Great Basin. Nearly all varieties of cllmaV" 
due to the ranges in altitude 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 an 
uncommon, oeenrring for the most part during the short-lived 
"northers" and to a lesser extent with thunderstorms. The air 
is dry and pure under nearly all conditions and exerts a tonic 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 aVel'a6e annual prccipitalion r:mges from less than ten 
inches in the valley of the Rio Cl'ande to twenty inches or slightly 
more in the higher mountains. The general precipitation, not con· 
sidering' the effects of diJrercnccs in altitude, increases toward the 
east, l'eaching an average of about fifteen inches in the valley of 
the Pecos. Precipitation occurs mostly as local showers of com· 
paratively short duration and often of great violence. Hail­
storms arc frequent. Precipitation is caused mostly fl'om con­
densation of the ail' as it rises and cools upon encollntering the 
monntaim:. For this reason the mountains are favored with a 
higher amount of moisture than the plains, basins and valleys 
of lower aHitude. The driest scason comprises the wintcr awl 
early spring months of December, .January, February, JVlarnh and 
April. Ovel' thrcc-fourths of the precipitation comeR ill the 
months from May to Odobe!' inclusive. Locally, a pCl'iod of a 
year or longer may pass with very little pl'ecipitation. 

High winds and dust storms arc rather prevalent during the 
early spring and summer months. The mean relative Inunidity.J; 
of the entire region is probably a.bout 50 POl' cent., but is only 
40 pOI' cent. in the 1\.io Grande valley at BI Paso. 'rhe sun ~hines 
for 8] pel' ecnt. of the oaytinw at I£l Pai-lo. It can readily be 
understood from these figm'es why the ail' is :';0 dry and the low­
lands are prevailingly arid. 

'1'he combination of a prevailingly arid climate and of local 
thunderstorms often of dondbuJ'st intemity, is responsible for 
two of the mostconspicnous of the minor physiographic f("at111'o'J, 
the canyon type of stleam eOU1'se in the highlands, and the allu­
vial debris fan at the foot of the 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 
ail' contains at a given temperature of that amount which it would 
contain at that temperature if it were saturated. Preeipitatioll 
takes place ollly on saturation of the air with moisture. 
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SUMMARY OF CLIMATOLOGIOAL DATA. 
(U. S. Weather Bureau) 

Precipitation. 

75 

No. I 
Place of .Tall. Feb. Mur. April May .lnne .Tuly "Ing. Sept. Oct. Nov. Dec. Ann. 

Yl'S. I 
EI Paso-~~_ 41 ·~:;O---:-45~--:20-----:W-. .58 1.001.85 l.56 --:82----:55 ~9.13 
Fort Davi" __ 31 .iA .50 .39 .34 1.04 U)" 3.44 3.5.9, 2.95 1.34 .60 .581'17.46 
Ft. Stockton 30 .38 .39 .61 .W 1.11 1.87 2.19 2.23 2.95 1.391 .69 .6715.15 
Kent ________ 16 .46 ..46 .27 .36 .70 1.0. 2.14 2.17: 1.()3 1.28 .97 .4812.79 

lUean Temperatures 

EI P"'O ______ I B~144 .. 1 1 48.9155.') 163.8172.1 1 70.6180.5178.6 1 72.7162.4 1 50.9144.8162.9 
Fort Davis__ 29 4~.81 4S.0 55.0 62.5 70.3174.9 75.1 73.91 GS.6 61.0 151.3 45.2160.8 
Ft. Stockton 23 40.8 4!l.7 58.0 1 64.4 73.5 SD-.O 80.0 79.4 70.91 64.3 53.2 46.2 63.8 

Lowest, rreIllpel atules 

At El Paso 5' below zero in December. 
At ForI; Davis 30 below zero ill .January. 
At F'ort Stockton 2' above Z€ro in January. 

At III Paso 113' In June. 
At FOlt Davis 111 0 in Jnne. 
At Fort Stockton 114' in Juno. 

IIig'hest CL'emperatures 

Mean Relative Humidity 

Sunshine (Peroentage) 

64 60 
88 31 
61 56 
62 61 

60 
34 
54 
59 

61 54, 
35 26 
51 50 
59 56 

EI Paso _____ 1 51 73 I 78 I S2 I 88 I 00 r go I 74 1 74 r 86 1 86 I 73 I 71 1 81 

ElevatioIl8 

m Paso ______________________________ 3, 762 feet 
Ft. Davls ___________________________ 5,OOO feet Ft. Stockton ________________________ 3,050 feet 

Kent --_______________________________ 4,218 feet 

Vegetation. 

In the higher mountains junipers, and eedars oE several species, 
pinon, Tf'xaK madl'ono, a number of species of oak, mulberry, 
hackberry, wild cherry, mountain sugar maple, and several 
spe~ies of ash compose the sparse and scattering forest. Rocky 
Mountain white and yellow pines oc~ur in the Davis Mountains. 
In the stream valleys and canyons are found cottonwood. willows, 
walnuts, Spanish buekeye, Arizona buckthorn and Mexican pe,'­
Rimmon. The flats, covered by fine soi.l, are eharacterized by 
ereosote brlRh, greasewood, mesquite, sagebrm;h, and cat's claw 
(Acacia). The graSily plateaus with the deeper soils have the 
sho['t grass vegetation of the Llano Estacada. 
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'rhe most characteristic and abundant vegetation of the region 
iii that of the l'oek-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 
covel'ed by rock debris. 'ehis vegetation abounds in plants of 
the cactus, yucca, and agave types, with many of the most 
characteristic desert shrubs and chaparral species. Some of thu 
commoner plants eneountercd arc sotol (bear g~ass), 1 c1('hug'uilla , 
oeotilla, ephedra, euphorbia, alltho]'n ,mescal (Agave), and many 
species of cacti. The resurl'ection plant (Sela6'inella) OCCHrs on 
bare limestone surl,wes. The sotol is cut and fed to stock and 
was also used as food lor the a bOl"igines. The gm1Yllle plant is 
ur-;ed for the m:1l1l11aej me of mbher and the (~andrlilla (callcl()­
laria) for the making of wax. The lechnguilla is used for libre, 
er-;pecially in northern Mexico. This vegetation has a mal'krdly 
dwarfed and scattered aspect.'~ 

Animal Life. 

'Phere is a SUl'pnsmg nmounl of animal life)n 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 
species are most often seen. One of the characteristic birds of 
the region is the road-runllrr 01' paisano. The mammals include 
prairie dogs, jack and cotton-tail rabbit.s, squirrels, gophers, 
mice, rats, opossums, peccHl'ieR, armadillos, foxes, coyotes, rac­
coons, badgers, skunks, and wildcats. Big game is scarCe but 
the following are occasionally found: whitetail Dud mule deel', 
pl'ongbuck (antelope), Mexican mountain sheep, Mexican 
cougar, wolf, and small black bear. Lizzards, snakes and desert 
tortoises are fairly abundant. The only venemous reptile is the 
rattlesnake. Scorpions, 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 Features. 

Desert scenery in general has a forbidding and mOl1otouou..; 
aspect to most of mankind. The general color is ashy, the effect 
desolate, and the landseape bare. There are, however, two fea­
tures of desert mountains which are remarkable and not devoid 
of either beauty or charm. rrhe one is the forms assnmed by 
the bare roek surfaces especially in the eallyons; and the other, 
the light effects in early morning and late afternoon. 

The eanyons of the region are carved out of two kinds of rock, 
the one buff or grayish limestone, and the other deep red lavas. 
The two rocks g'ive rise to entirely different erosion effects. 
More resistant beds generally alternate with less resistant one:o; 
in 1he limeRlones. The more resistant limestones form steep, 
often vertical, much fretted cliffs. Vveathering is more effective 
along joints and in more soluble or less compacted portions and 
the general effect produced is that of ancient massive ll1(lsonry. 
The less reslStant beds form less steep slopes often covered with 
debris from higher layers. 'rhe entil'e limestone series gives the 
buttressed effect eharaeteristic of Gothic architecture. 1 n the 
hnzy tmnlight oJ the lak afternoon the ('anyon walls glow and 
assnme shadowy ontline.~, the colors and eontrasts of form merg­
ing into a harmonious whole. 1'he light becomes opalescent, the 
whole landscape takes on a ghost-like appearance, and solid ob­
jects appem' eV~lllesc('ni. ~A1 midday iho glare is intense and 
the light almost blil1(1inl.!;, CHpoeially when it fans on whitish 
roeks, such as the limestones. 'L'he hazy opalescenee of the at­
mosphere is a distinct peculiarity of early morning and late ev­
ening' in the desert, :mcl to it the ilI'id lands(Jape owes its chief 
charm. 

'I'he Davis MOlllltains can be iaken as the best example of 
the lava canyon region. The lava flows and associated tuffs 
there reach a maximum thickness of 2,000 feet, and some of 
the canyons on the north Hide of the range cut throngh the entire 
thiclmesH. In the monntains, hecanHe of their superior eleva­
tion, the 1'a infall is greater and there is more vegetation and, 
in some places, running water. Where the flows are interbed­
ded wiih less resis1ant tuffs, there is sam e approach to a ter-
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raecu pl'ofile of canyon walls. rl'his is never as cmnplcte as in the 

limestone; the lava is more massive and joisted in columnar 
fmlhion; the erosion effects arc chaotin, and by no means as reg­
ular as in the stratified limestones. Where the removal of Ull­

derlying tuffs brings about undermining" of massiye lnva, irreg­
ular, hUIllJllOnky, landslide top01~l'aphy is freqnent. rrhe tuff;; 
are light in color, grayish white, pink, or green, and afford agree­
abln contrast with the (lark somher tint of red lava, which latter 
conti'asts \vith the bright green or the vngetation. 

The mueh-erodrd }nountains exhibit themselves to best !1d­
vantage ill the slwd()"lYs of morlling and evening. It is then tl1at 
the details of structure stand lOl'lh with the cleal'ness of an eteh­
ing. rrhe di"tant valleys are immersed in gloom and the Toeky 
divides between them arc clothed with a soft light which serves 
to emphasize all the intricate details of their seulptming and 
structure. lVIallY mil10l' details in the physiography arc only 
apparent at such times, fOT the" glaring light or the midday sun 
caust's dctnils to mel'~'e into one bewildering whole. During the 
middle of the day, the mirage, especially in the lower areas, is 
seldom ever absent. In the desert~, then, as in the higher moun· 
tains, the most pleasing lands(mpes arc (lue to the effeets of 
lighting. The dCHcrt Heldom makcH its greatest appeal t.o the 
stranger. One must' first learn t.o know it and know it in every 
seaRon and all hours of the duy and at night as well, to thor­
oughly appreeiate its chal'm, which is an ever-growing thing. 
The rich, flooding moonlight of the eloudless sky and dry trans­
parenL atmosphere gives perhaps the greatest eontrasts of aU, 
for anything in the shadow is of inky blackness, and anything 
lighted up is flooded with a rich and glowing light. In the ab­
senre of the moon, the elearness of the desert atmosphere rend­
ers visible many more of the stars than arc seen in more humid 
l'Cgions, 

N atnre 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 pmt or this, no base maps were avail­
aMe, bnt had to be constructed by means of triangulation. In 
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l'OYerlllg territory of fairly complicated structure at the rate 
of over 1000 square miles per month, of a necessity much of 
detail must escape the observer. In such an arid region, expos-
111'eS are gencrally g'00c1, aiding mU(~h in rapid worI" Geologic 
structure is, 110wever, complicated, rock 8tl'ata arc more or less 
mctamorphoRec1, and the lJl'oad valleys arc largely covered with 
loose dehris in the }laratholl Harjn region; so that to adequately 
investigal e the geology of this onc region will take several times 
al': long' as the w'llOle time spent in the entire exploration. 
Enough was accomplished in the Marathon Basin to work out 
the general sequence and ap'cs of the roek formations and to 
decipher the lcading clements in the Slrueture. Very little time 
could be spent on the CretaccollS fOlluations where only the map­
ping of' the areal (li8tribution and leading structural featmes 
was attcmptrd. '1'hc S:lme may be said of the igneous rocks 
which in thOlm:elves present an intensely interesting field for 
caeeful investigation. l'~ffort wm: made to colleet leading types 
of unaltered rocks for petl'ogr'aphi(! investigation, which has 
been undertaken lJY Prof. G. E. Man-:h, of the Armour InstiLute 
of Technology. 

THE SEDlMEKTAHY ROCK SERIES 

'rhe sedimentary rocks of thiR area. embrace representatives 
of Upper Oambrian, Ordovician, Devonian (n, Pennsylva­
nian, Permian, Cret.aceolls and Pleistocene ag'es, 'Chere is a for­
mation of novaculite and ehel't ill the Marathon Basin, whieh 
is underlain by upper Ordovieian and overlain by Anthracolithic 
rocks, but the exact age of which is unknown. The presence of 
numerOllS beds of ('l1('rt in f(~l'matiollS of all the Paleozoic periods 
except the Cambrian, is a very nmarkahlc feature of the Mara­
thon Basin region. '1'here i~ probably no other region in the 
world which exhibits so mueh and so wiele-spread chert in it.R 
Paleozoic formations, The total thickness of Paleozoic and 
Mesozoic Hedimentary rocks is about 80,000 feet. 

'I'h{' pre-Permi:lll Paleozoic formations here described arc 
yet known only in t.he Marathon Basin, but some of them may 
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be present in the Solitario, all area of similar folded Paleo­
zoics, northwest of Terlingua. In the Ma~athon Basill the 
pre-Antlll'acolitie l'oeks are almost ent.irely eonfined to the ccn­
tral regi,on, around which is a l'ing of the AnthI'acoliti(~. The 
Pcrmian I'oeks arc found in the Glass :Mountains and northern 
part. of the Mount Ord Range, and fringe the Marathon Ba~in 
on the nort.hwest. 

'rhe oldel' Paleozoie onteI'ops extensively in the central and 
we8tCJ'n portions of the l\,lara1.hon Basin on bot.h sides of t.he 
line of the Southcl'll Paeifie (G., H. & S. A.) ra.ilroad. Along 
t.he line of the J'ailroau it is found in eo res of anticlines from 
vVul'wiek siding to Lenox section-houi>e. Most of the exposures 
are south of t.he raill'oad, and the best exposureH al'e southeast, 
south and sontlrwes1. of Marathon station. Along t.he south­
west margin of the Marat.hon BnHin, bet ween Del Nor1 e Gap and 
the summit of the Sant.ia.go Range, the oldcr rocks appeal' in 
the eOl'es of steeply folded, overfolded, 01' overthl'uSt. folds of 
the lower Comanehean Cl'eta(~CollS. The folds in the ea rly Pa,le­
ozoie there continue their strike tOvv'uJ'd the Solitario and pl'ob­
ably underlie part 01 the synclinal basin in the Big Bend 
roulltry west of 1.11e ];'1'0111. Hange. In the eentl'a 1 POl'i.i011 of 1 he 
1'IaraLhon Basin the 01(lel' Paleozoic is exposed beneath the situ 
of Lhe formcl' SlUllIllit of the Marathon dome of Cmnal1ehean 
l'Od<::R, which laUer an now removed by erosion. rl'he general 
stl'ucture of thp early and middle Palpozoie ['oeb: is that' of a 
series of isoclines overturned to the northwest, accompanied by 
overthrusts and dip faults. In the V('l'Y hpurt of the Basin, how­
ever, in a line extending llorlheast f1'om the jlllwt.ioll of the 
Pena Colorado and Maravillas Creeks to a point more than five 
miles southeast of Mamt.holl, a series of antielinal folc1N, though 
flanked by ve1'y ste(~p dips, is mOre nearly symmetrical and in 
general t.he folds arc not OVel'tlll'llecl. The pre-Pel1l1H~'lvanian 

roeks outcrop in thl'ee antielinori1i between which lie Rynclinol'ia 
of early Pennsylvanian roeks. 

UPPER CAMBRIllN--BREWi:i'l'ER }"OHlIL\.TrON 

The namc Brewster formation, fl'om Brewster County. 'rexas, 
i, applied to the oldest rocks yet. found in the Marathon Rasin. 
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The formation outcrops 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 
lVIaravilIas, and the other eight miles northeast of the junction. 

'1'he 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 separated on paleontological considerations. Upper Oam­
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 idahoensis 
Acrolreta sp. 
Acrocephalites aff. A. aoris 

}ifr. Ulrich says: "The first three species of this list are 
typical Upper Oambrian fossils in ~evada and elsewhere. Al­
though they are said to range upward into the lower beds of the 
Pogonip, my comparisons indicate that the higher occurl'ences 
m~e not strictly the same forms as those held by the species dur­
ing Upper Cambriall time. This conclusion is corroborated 
hy the tl'ilobite (Acrocephalites) which is of a gQnus unknown 
ahove the Oambrian." 

"So far as it goes this association all through is decidedly 
like that found in the Dunderberg shale of the Nevada Upper 
Cam hrian 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
eon[ormities within the series. Important paleontological gaps 
arc indicated by the collections, but in Rome Cl1ses there arc strl1ta 
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lying between these gaps which have yet yielded no Cossil:->. 1\0 
continuous or coml'let(, :-lec1ion of the series has yet been found, 
hence the apparent gaps may be accounted for by lack of knowl­
edge ol tIle n:al 8[[(:ce~sion. 

The HCl'ics, so far mi now known, eompl'ises in ascending order 
the followilli!: membel's: 

1. W~aggy and thin-bed(]cd snndflione8, mostly brownish ill 
color. but some dm'];: gray, interbedded with dark green sandy 
shalp, the whole" having' a thickness of 300 10 GOO feet. Grains 
of glanconite OCCllI' in nlP s(~l'ies. On exposed sU1'faees the sand­
stolles often have lavender color. At the top is a dark-colon~d 
gTayiHh pnd hlackish shale intet'lledJc(l with thin slHtly and 
ila gg'Y 1 ight bJ'owll s(lJl(lstollcs, sOllleiim es vel'y finc-graincd, b11 t 
gellf'rally conI'se-gn1incd. gritty, OJ' conglomeratic. Ncar the 
top n1'e laye1'H ol a white and bl'own spoUnd, soft, flaxseed-like, 
i'mlsilifpl'ons, phosphai ic linwstone, Ol'iginaUy oolitic. rrwPllty 
to thil,ty feet below th(' top are thin-bedded lig'ht brown sand­
stonc,-, containing LiliguZa and oiller brachiopods, and fiaggy UI'­
cnaccou<.; shale" of the "ame color as thl' sandRtoneR. About 100 
feet be10w Lite top is a c:onglomcratc cn J'J'ying Hcam:-; of calcitl', 
hoth rhombohedral and fibrous in form, small pebhlml of quart~, 
bryo~oans and bra('hiopod~, and specks Ol glauconite. The rnat­
lis appcars to 1)(' lilliestone In this (~ollgl()HWratc arc anglliar 
fragments np to an iuch in diamptel' of light brown or green, 
very fine-grained sandstone OJ' de(mrnposed chert, very firmly 
welded to the light brown lllatrix so that the rock breaks acr'oss 
ihc conglomerate fragments. The following fossils were detel'­
milwd by E. O. Ulrich; 

Obolus rotulldatus "Vakott 
Lillgulella llogonipensis "Valeott 
SchizamlJon tYllicalis Vi/alcott 
Ec orthis c1esmopleura Meek (Orthis hamburgensis ,Valcott) 
Symphysurilla meslcri Ulrich 
Symphysurina spicata angusta Ulrich 
Symphysurina brevifl'ons n. sp. Ulrich 

Couokephalina inexpectans (Walcott) 

Apatokephalus finalis (Walcott) 

Hungaia '? sp. (llygidiull1 only). 
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Of these he says: "'['his fuunnle represents unquestionably 
a well-marked zone in the lower part of the Pogonip limestone of 
Nevada. All save the lasi Npeci~s of the Ii'lt are found also 
in this wne in Nevada; and the last also is there repreNenteu. by 
a closely allied species. In Nevada it underlips beds with Cana­
dian fannas. In Qnellec silllilar specic~ are contained in bould­
ers included in slates of the Levis shale containing myriads of 
early to middle Canadiflll gTaptolites. No simil a1' types arc 
knoWll in any Calla dian fauna. Evidently, then, this Symphy­
surina ;t;one is older 1 han the baNe of the known Canadian. As 
it is obvionsly Y01mg'Pl' 1 han any true Upper Cambrian fauna, it 
mnst belong to some intermediate Ozarkian stage. Now, be(~ause 
the genus SymphysllJ'inH--l'erentl)! established by me with 26 
speeies-oeeurs outside of Nevada, 'J'exas and Quebec only in the 
OJl(~ota dolomite, an Upper O:oarkian fo],m (1tion in the Missis­
sippi Valley containing threw species of this genus, the present 
state of the evidenee permits of only OlW eOl1elusion resp(~eting 
the age of this lowel' Pogonip fauna, namely, that i( is Ozarkian, 
nnd most probably Upper Ozarkian." 

Ull'ieh eorrelCltes tIle rauna of the Symphysul'ina zone of t'he 
Marathon s('l'ies with the Upper Ozarkian of the Mississippi 
Valley, the Chepnltepee ehel't of the southern Appalaehian val­
ley, and with elTatics in the Levis shale of Quebee. 

The above described lowermost beds of the Marathon series 
were noted only in the axis of an antieline one and one-half 
miles n01'thc(181, of tIle jllnetion of Pena Colorado and Maravil­
las Creeks, where they overlie the Upper Cambrian Brewster 
formation and are unconformably overlain by the Mal'avilJas 
ehert. 

The next locality showing' a young(,r seqllellee of the Mara­
thon serieN is ~,lt 11w north IJa<;e of a hill three and one-third 
miles in a straight line northeast of Mara villas Gap: 

2. At l(~ast 300 fpet ,of beds with fille qnartz eonglomerat(l 
on top, grading down t hrough '(~onglomerate to (warse-grained to 
fine-grained sandstone with mllch mnseovitie or sel'icitie mica, 
interbedded with green or light bluish-gray al'enaeeous shale, 
mueh erumpled, much diseolored by scams of r("d and brown 
oxide and traversed by thin seams of platy, transparent selenite. 
The base of the member was noi expofH'd. 
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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 clear quartz and fine-grained limestone in a limestone 
matrix. '1'here 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 fossils, as determined by Ulrich: 

Didymograptus cf. extensus 
Tetragraptus aff. fruticosus 
Phyllograptus cf. ilicifolius and angustifolius 
Paterula sp 
Acrotreta sp. 

Ulrich states that "Even though the preservation of the fos­
sils in this lot is not so good as one might wish, it is yet amply 
good ollong'h to establish the age of the bed beyond any reason­
able question. In other words, it is a small but unmistakable 
representation of the Phyl10graptus fauna which marks the me­
dian zones of the Canadian system." 

Ulrich 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 Sldddaw (Arenig) shale of Scotland. 

4. Rotten, soft, velT 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-brown, 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 calcareous quartz 
sandstone, varying from four inches to two and one-half feet 

in thidmess; interbedded with very thinly-laminated dark yel­
lowish hrown, gl'ay and yellow arenaceous and calcareous 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 
arc principally shales. The exposed thickness is about 375 
feet, the base not being exposed. 

About eight layers of limestone 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 limestone, stratigraphically about 100 
feet 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. revaJensis 
Nicholsonella sp. (ramose, branches. slender) 
Phaenopora cf. incipiens 
Stictoporella cf. exigua 
Rhinidictya sp. 
Plectambonites afr. P. quinquecostata 
Eurychilina sp. 
Aparehites sp. 

Ulrich notes that "This zone reminds mostly of early Trenton 
types of northeastern New York and latest Black River spC'rie.'l 
in Penm;ylvania and Minnesota. It docs not seem to be quite as 
old as the lowest of the Viola faunas in central Oklahoma." 

About one to one and a half miles to the cast of the above 
fossil locality there are ahout 200 feet of shales with hardened 
layers, dark brOown 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 Oaballos 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 
tbin 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 .from the Marathon serie<; into the lower' 
or Trenton portion of the overlying 1Vlaravillas formation, since 
the strnta at the contact al'e thin-bedded limestone with handed, 
nodular 01' lenticula l' chert, iuterbedded with a dirty-green 
to hluiNh green, hrittle, siliceous shale, The limestone and .'5hale 
portiol! of tlle Marathon sel ies here exposed has an estimated 
thickJl(~sS of 300 feet and is underlain by shale. A layer neal' 
the top about one foot in thickness is full of small fossils. In 
the anti(;linol'illm in the low country extmding south from hen, 
to the next high ri(lgo, the linwstone and shale member of the 
Marathon series is repented a number of times in the lower 
areas separated lrom each other by low ridges of the Maravillas 
formation. 

Part of the Marathon series is exposed on the south slope of 
Caballos Mo unt ain and probably in places between the rid[S'es 
to the sOL1thweflt of that mountain. 

On the northeast slope of t.he ridge east of the wagon bridge 
on the Peila Colorado Creek, I'outheast of old Ft. Pena, the 
following section of the lVfal'athon series is exposed: 

'l'hicknes9 
in feei. 

Top. Maravillas l<'ormation, 
1. Very finely laminated, dark green shale with local hardened 

and discontinuous thin blocks of finely CrYstalline brown 
limestone, for the upper 15 feet. Th~se blocks are from 
14 to 1 inch thick and carry fossils ............... _ . ",0 

2. Thin-bedded, nodular, greenish-brown limestone, carrying 
fossils, interbedded with dark green shale .. "., .. ,... 2 

3. Thin-bedded, dark green shales, more sandy than abo\"e, 
with local irregular, soft, brownish-green sandstones, abol\t G:5 

4. Greenish, thin-bedded limestone and shales with fossils ill 
the limestones 2 

5. Like No.3, to base of ridge. _ ............ , ...... about 50 

A part of the higl1 PI' portion of the Marathon I'eries is ex­
posed in the axis of a normHI anticline located partly on the 
Granger, and partly on the Gage ranch at a locality some five 
miles southeast of thp town of Marathon, Here a thickness of 
about 500 feet of beds is exposed beneath the overlying Mm'a­
villas formation. The upper two-thirds of this thielmcsq may 
be designated as dark gref?l1 shale, although it has frequent 
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interbeds of peaiy sandstolle, rusty or greel1i~h hrowll in color, 
and of laminated Ill'own linlPsiollPS ill beds up to Olle foot in 
thickness. Some of this limestone is phosphatic. ']'here are 
also phosphalic limestone nodules in i ho shales which contain 
fossils, are oolitic, and when unweathere(l, an) very dark brown­
ish-black, or blue-black in (~olor; but generally have a snrface­
weathered shell of a l'idl brownish-yellow color. Limestones 
increase in thickness and nlllnber iowaru the base 0 f the seci ion. 
'rhey are, in the low(~[' portion, mostly phosphatic; range in 
thiekllcI-ls from an i11ch or Imm up to th!'()c leet 01' more; weather' 
either brownish 01' dove-colored; and }lrc separated by intervals 
of shale and thin, fiaggy sandstones which probably averagc 10 
feet in ihiclO1 eSH. Tbe shales arc al'lo often phosphatic. The 
lilll('stoncs sometimu.; givc off it fetid odor upon being stl'l1('k 
with a haru instrum rnt. They are oft en ooliti('. Small rounded 
pebbles of black chert are found in the li.mestones about 100 
feet above the baH(; of the exposure. The unweathered limestone 
is v('ry dark b1'oW11 , 01' IJlue-gray. Fossils are abundant ill the 
lower limestones, especially in some beds aboui a hundred feet 
above the hase of the exposure. 

'rhe Maravillas formation consist" of dark gray, thin-bedded, 
a ltcrnating ChPlt and limestone \yith some beds of rather fin0 
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 pcbblc::l of dark-colored chert, 
sandstone, limestone und clay iron-Slone. Some angular chert 
boulders are as large as one fooi in diameter, bnt in general the 
eonglomeratic material ranges from olJ(~-eight h inch up to six 
inches in size. 

'l'he type localily of the Maravillas formation is Maravillas 
Gap on the Marathon-Terlingua road, a bout fourteen miles in 11 

siraig'ht line southwest from Marathon. There the MaravilJas 
Creek cuts across the strike ridges of ch01't at a point near their 
southwestern end. The following dpscription is of a section 
between on8 and two hundrcd yards east of the Gap (Plat" .I ;~). 

'1'he base of the formation here, as elsewhere, is marked by 
either an erosional1111COnfol'mity or H plane of shearing. At the 
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base is a layer of conglomeratic and finely arenaceous limestone 
carrying angular and rounded dark chert fragments, ranging 
up to six inches in diameter. The limestone is finely crystalline 
and traversed by thin seams of crystalline calcite. 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 subangulal' fragments of black chert 
which range feom one-eighth 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 latter alone generally rounded. Locally the basal conglom­
erate may be two feet or more in thickness and carry angular 
chert boulders of one foot in size. 

Ncar the base is some fine-grained light gray matel'ial with a 
pinkish cast, thinly and imperfectly laminated, aggregated in 
relatively thin beds fl few in(~hes in thickness and interbedded 
with the chelts. This somewhat resem blcs the Monterey Mio­
cene shale of California. Above are layers of dark-'Colored 
brownish or blackish chert, banded in layers ranging from 
eighteeH inches to less than one inch in thickness. 'rhe bedding 
is rather irrcgulm· and sometimes Rlightly contorted. The chert 
is greatly fractured und traversed by thin seams of crystalline 
calcite, often no thicker than fine pencil lines. Some of it is 
staim~d reddish or pinkish, apparently with iron oxide. There 
are many layers of .fine-grained light gray limestone, often show­
ing fine laminae on weathered surfaoes. 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 literally 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 larg,e portion of which 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 brownish. 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 Maravillas Gap is 
325 feet. 

At a locality about eight miles nOTtheast of the junction of the 
Pena Oolorado and Maravillas creeks, there is at the top of the 
Maravillas formation, just und()r the Caballos novaculite, a 
small amount of light brown arenaceous shale, weathering pink­
ish, which may possibly be the equivalent of the Sylvan 8hale 
in the Al'bllclde Mountains of Oklahoma. Fine conglomerato 
appears to be srarsely distributed more or less throughout the 
entire lVhravillas che)'t. 'rllis conglomerate is gray in color and 
composed of fine angular to subangulal' quaI't!l: graint'l, averag­
ing about one-sixteenth inch and less in size, in H ma~:·ix nf 
finely crystalline limestone. This conglomerate also contains 
small pebbles of cheri. On the south side of the Pena Colorado 
Creek a stadia measurement gave t.he Maravillas format.ion a 
thickness of 270 feet. At the site of old Fort Pena., five miles 
south of Marathon, it is less than 150 feet. thick. The greatest 
t.h~ckness 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 t.he base and the lower 300 feet. of strata do 
not occur in the sections farther southwest. In a He ghboring 
locality Dr. Bose found the total thickness of the Maravillas to 
be only about 100 feet. 

Fossils and Age. The following fossils, determined by Mr, E. 
O. Ulrich, were found at t.he type locality 200 yaI'ds northeast 
of the nort.h end of Mal'avi.l1as Gap: 

Hallopora aff, H. elegantula 
Anaphragma mirable? 
Hemiphragma imperfectum 
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Bythopol'a cf. delica tnla 
Crepipora hemispheric a ? 
RhombotrYlla subquadrata 

. Lioclema wilmingtonense 
Constellaria maculata 
Constellaria sp. 
Favositella cf. epidermata 
Pachydictya sp. 
Rhinidictya sp. 

Elll'pdictya cf. sterlingensis 
Phaenopora wilmingtonensis 
Helopora sp. 
Arthroclema angulare 
Screptopora faeula 
Dalmanella aff. testudinaria 
Dinorthis ef. su bq uadrata 
Hebertella insculpta 
Platystrollhia sp. 
Plectambonites transversalis elegantnla? 
Plectambonites cf. saxens 
Rhynchotrema capax manniense 
Rhynehotrema cf. anticostiense 

Ulrieh says "'1'his is a typical Ferllvale-Richmond fauna. The 
Bryozoa are pal'tieularly characteristic. Theil' abundance in 
this collection suggests very shallow reef-like conditions." 

Other ccllections made, mId to the above list the following: 
Leptaena rhomboidalis val'. 
Platystrophia 
Hebertella insculpta 
Crinoids 
Zaphrentis and Streptelasma, 3 or 4 species 
Columnaria aff. C. alveolata 
Streptelasma sp. with angular dorsum 
Cyathophylloides thomi (Hall) 

The eoral zone of the Richmond occurs in lenticular masses of 
conglomerate about fifty feet above the graptolite horizon of the 
later Tl'enV,:m at the lonalities about six miles southeast of Mar­
athon. 

Ulrich discusses the stratigraphic position of the Fernvale­
Ri(''hmond zone a8 follows: "In the 'rishomingo, Oklahoma, 
folio, the Fernvale-Richmond zone holds precisely similar rela­
tions to the typieal Viola limestone of Oklahoma as does this 
zone in the "l\/faravillas chert to the underlying Trenton portion 
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of that chert. Though seldom, if ever, exceeding 20 to 50 feet 
in thidmfss, and oItCH JesH, ihcl<'el'Ilvalo ",one is 1'c?(:o~lli7U LIe in 
many placos from Texas to A laska and Missouri. As it rests OIl 
various pl·occding formations and thus marks a great trans­
gression following a more 01' loss long period of emergence, I 
have placed it. at the base of tho Silnri an." 

A lowor horizon in the :Maravi.llas formation eontains Tren­
ton fossils. Ulrieh determined the following from a loeality ono­
l1alf milo north of Payne's rall(~h OIl th(~ east sido of Mara­
villas (Dugout) Creok, 300 yards from tho creek: 

Diplograptus cf. amplexicaulis Hall 
Fragment of a unicellular graptolite stipe suggesting a Didy-

mograptus like D. sagitticaulis 
Lingula sp. 
Probably new genus of discinoid braehlopod 
Leptobolus sp. 
ProbablY two other undetermined species of inarticulate 

brachiopods 
Scenidiulll cf. anthonense 
Leptaenoid shell of undetermined genus 
Leptaenoid shell of undetermined genus (a second werier) 
Strophomena ? n. sp. 
Strophomena ? n. sp. 2 
Plectambonites aff. sericeus 
Parastrophia aff. hemiplicata 
Bythocypris 
Krausella arcuata 
Aparchites aff. labellosa 
Eurychilina afL ventricosa 
Eurychilina sp. 2 
Dicranella cf. spinosa and simplex 
Cryptolithus sp. fragments of shield 
Fragments of 3 undetermined sp. of trilobites 

Referring to these detorminations, Ulrich says: "Most of the 
25 species of the above list are recognized as forms belonging 
to the as yet undescribed fauna of the Viola limestone of Okla­
homa. The genoral aspoct of the fauna is that 'Of tho Atlantic 
facies of the Trenton; and as it contains some identical species 
it is assigned to that age. 

"Tho Viola contains four or five distinguishable faunal zones. 
Most prohably 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, others chiefly fragments of the trilobite Cryptolithus, 
where others have a more varied fauna. The various collec­
tions here indicate like variations in fossil contents in the Mara­
thon Basin region." 

Two and a half miles north of W oodhollow 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 ont into a long Rpine. 'rhis species seems to be new. 

At the east base of the M·onnt Ord Range, near its southern 
end, were coUected the following: 

Fragments of dlplograptids 
Lingulops cf. Norwoodi 
Dalmanella cf. 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 identical with a characteristic species of 
the Viola limestone of Oklahoma." 

One mile northeast of the juncti.on of Pena Colorado and 
Maravillas creeks were collected the following: 

Leptobolus cf. walcotti 
Acrothele ? sp. 
Probably new genus of discinoid shells. Reminds also of 

Aerothele. 

illrich 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 Pena Col.orado and 
Maravillas creeks and one mile southwest of the Pena 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 Pena Colorado and Maravillas creeks the 
Upper Ozarkian crystalline limestone is succeeded by about OIle 
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. Finally, near the northeast end of the 
earlier Paleozoic area about five miles southeast 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 unconformity in the region five miles 
southeast of Marathon. 

Since the deformation of the earliest Paleozoic strata is 
everywhere intense, there is a possibility that some of the rela­
tionships interpreted as unconformities 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 vicinity of old FOIl 

Pena. 

LOWER DlWOKIAN (?)-CABALLOS NOVACULITE 

The Maravillas formation is unconformably overlain by 
cherts. These cherts were originally divided* into two foruUl­
tions, the Caballos novaculite below and the Santiago chut 
above, but later work by the seni'or author appears to ind:"Me 
that they are really one formation, two members of both the 
original Caballos and Santiago being included in the section in 
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some localities. It is now thonght that in the LocalitieN firs: 
examined, erosion has removed the upper novRlCnlii e and ll]JpeT 
predominantly green chert. H owrvcr, in a region so intensely 
deformed as this, in which there is almost everywhere slieken­
siding and brecciation of the hrittle chert, there is a possi­
bility of duplication of beds by shearing or thl'ustiug. Should 
this finally prove to be the ease in the regions, whore the sec­
tion exhibits two memben;, hoth of the white novaculite and 
the banded, vari-eolored chert in the same sue cession, the 
name Santiago may be re-applied to the latter. 

The type locality of the Caballos novaculite is {jahallos 
Mountain, i he higheHt point in the folded Pale()~oie mea of 
the 1\larathon Basin, wl1ich rises ill the sontheastCln portion ,of 
that basin to 9 height of 1200 feet above its sllrmmndings. The 
entire northern face of Caballo;;; }Ionntain is made up of the 
white' Caballos novaculite. 'I'he thickness of the lower three 
mem bel's of the formation here, not including' the upper mem­
ber of vari-colored chert, is probably more than 300 reet. 
Here the lower novaculite member is. the thinner. Overlying 
the 10vYe1' novaculite memhel' are interbedded thin layers of 
green and black chert. Upon the latter rests the upper nOva­
culite member, wldch is much the thicker in the (jaballos 
i.VIountain ridges, but appears to be thin at 'vV oodhollow Tanks. 
'1'he npper member is, as usual, very similar to the lower 
variegated chert member. In places the lower green and black 
chert aneL novaculite member contain some black mangane:<;() 
dioxide. 

The white novaculite, because 01 ih; resistanee to the for<~es 
of erosion, forms the most prominent exposures and the best 
horizon marker in the folded Paleozoic rocks of the Marathon 
Basin. Its thickness is variable a.nd most of the original 
f01'll1Htion was probahly removed by erosion before the de­
position of the overlying Santiago ebert. Tn the western por­
tion of its area of outcrop, tbe lower bed of white novaculite 
is gellerally about 90 leet in thickness, the lowel' 4.0 leot cou-

~Review of the Geology of 'l'exas, Bull. Univ. of Texas No. 44, 
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-bedded, 
much fractured, oHm) hrownish-staincd, white novaeulite, 
with its upper surface often conspicuously ripple-marked. In 
the southeastern arca of itr; outcrop 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 ridg:e northeast of the junction of the 
Pena Colorado and }laravillas <n'e(~ks, the lower 40 feet of 
the novaculite member is thin-bedded and brown in color. 
This is followed by 50 feet 01' white novaculite, in turn over­
lain by the lower green chert member. '1'he 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 iVIarathon, the section of Ore 
Cahallos novaculite is as Pollo'ws: 

Base-Maravillas formation, here 300 or 350 feet thick 

Thickness 
in feet 

1 .. Novaculite, lower 30 feet thinner-bedded. All stained 
brownish ...................................... 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. . .. 60+ 

The bedding surfaces of the novaculite arE' very often hum­
mocky, a feature whi(~h may possibly have been produced by 
deformabon. 

There is no doubt thnt the Caballos novaeulite is the equiv­
alent of the Arkansas novaculite of the western Ouachita 
J\fountains of Arkansas. The Caballos novaculite is, how­
ever, thinner than the Arknnsas novaculite. Ulrich aSRigml 
the Arkansas novaculite to the Oriskany or upper part of the 
lower Devonian. If he is correct in this, the Caballos nova­
culite is the fil'St and only Devonian formation to be dis(~ov­

ereel in Texas. 



96 University of Texas Bulletin 

The White Novaculite. In describing 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 vicinity of Hot Springs, Arkansas. In the following table 
are given chemical analyses of both the Arkansas and the 
Caballos novaculites: 

Oomparative Table of Analyses ot Oaballos and 'Arkansas Novaculite. 

Number 1 
Silica (SiO,) ................ 99.45 
Alumina (Al,O,) ............ .26 

. Oxide of iron .............. . 
Lime (CaO)................ .12 
Oxide of Sodium (Na,O)..... .54 
Sulphuric acid ............. . 
Loss on ignition ............ . .06 

2751 
97.'32 

.90 
1,70 

1.19 
.90 
.28 

2752 
97.80 

1.07 
.53 
.83 
.13 
.41 

2753 
97.00 
1.18 
1.02 

.71 

.70 

.55 

.06 

2754 
96.80 

1.18 
1.02 

.71 

.94 

.28 

.02 

Total ..................... 100.62 102.39 101.20 101.55 101.og 

No. 1 is of white novaculite, Hot Springs, Arkansas, [rom "'Whct­
stones and the Novaculitcs of Arkansas", by L. S. Griswold, Ann, Rept., 
Geol. Surv. of Arlmnsas, Vol. Ill, 1892. 

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

No. 2751. was pure snow whitc, rather coarse-grained, with small 
quartz crystals lining small cavities, and rather porous. Resembles 
the "soft Arlransas" 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. 275-l, was 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 outcrops subject to 
the influence of the weather. Just what effects weathering in 
the ari(l climate may have han on these very fine-grained pre-
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dominant quartz rock"! is not known. The Arkansas novaculite 
analyses appear to have been made from unweathered com-
mercial specimens, . 

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 Survcy 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 comparison: 

'l'able showing soluble silica found by digesting O.S gram in a 

solutton ot 27.5% 20% 20% 
potassium 
carbonate 

for 6 hours 
Per cent. 

Caballos No. 1. ................ 2.00 
Caballos No.7. . . . . . . . . . . . . . . .. 2.40 
Caballos No. 10 ................ 2.52 

~~:~:i:~:::::.·:::::::::::::: ~:~!ll 
Red Arkansas ................. 0.93 
Fine Ouachita. . .............. 0.43 
White Ouachita. .............. 0.281 
Black Ouachita. . . . . . . . . . . . . . .. 0.541 
Mottled Ouachita .............. 0.531 
Hard Ouachita. . ..... : ........ 0.51 J 
Quartzite ..................... 0.74 
Quartz crystals ................ 1.47 
Quartz crystals (2)............ 0.71 

sodium sodium 
hydroxide hydroxide 

[or 30 mins. for 3 mins. 
Per cent. Per cent. 

5.20 2.76 
5.72 3.20 
7.04 2.64 

3.56 1.63 

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, eon­
tain a larger proportion of soluble siliea than do the Caballos 
and Arkansas novaculites. Chemical analyses of hoth Ar­
kansas and Caballos novaculites support the mieroseopic 
evidence that they arc almost entirely made up of crystalline 
quartz. It would be interesting to know whether hedded 
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cherts in general, as distinguished from nodular and concre­
tionary cherts, contain as high a percentage of insoluble silica 
as the novaculites, ,Ve do not seem to have sufficient (lata 
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 pereentage of soluble silica than do unweathered speci­
mens of commercial Arkansas novaculite. 

Everyone of nine samples of different grades of Arkansas 
novaculite, analyzed by the Geological Survey of Arkansas, 
has over ninety-nine per cent. of silica, and in fact, has as 
large a percentage of silica as crystalline quartz or the general 
run of purer grades of chert. In fact, from analyses alone, no 
distinction can be drawn between novaculite, quart7., and 
chert. One 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 of 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, lH~tween cherts and novaculites, although this diD'erence 
is not a constant one. The lustre of chert is either earthy or 
vitreous, while that of novaculite is dull-resinous or waxy; 
rhert seems to have a smooth surface looking as if it were 
glazed when the specimen has a vitreous lustre, while the 
suriace of novaeulite appears minutely rough.* 

All of the Caballos novaeulite yet seen resembles the grades 
of Arkansas nov[Leulite known eomrnercially as the "hard" 
and "soft" Arkansas, and the "fine " Washita. The coarser 
Washita grade has not yet been found. The Caballos novacu­
lite ean be hroadly grouped in four varieties,. The first 
variety is very light blue or blue-gray in color and is the 

"'Griswold, Geological Survey of Ark, Ann. Rept., 1892, Vol. III 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 variety shows no structure, even under the most powerful 
hand lens. It has a close resemblancc 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 between 
the first and second. It is very finely granular, bluish-white 
in color, and much resembles milky quartz of very fine grain. 
but its lustre is dull and not vitreous 'as in quartz. 1'his thi.rd 
variety seems to most nearly resemble the ordinary run of 
the "hard" Arkansas stone. 

The fourth variety is generally 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 novaculite were traversed by a thin vein of vitreous 
yellowish chert. 

Under the microscope some specimens 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 extinction 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 specimen of the 
non-commercial Arkansas novaculite exhibits the same spotted 
and knotted appearance under the microscope. 

'rhe microscopic study sho'ws that the Caballos novaculite 
is mainly or altogether a holocrystalline aggregate of inter­
locking granules of quartz, forming a very fine-grained mosaic. 
The rock was probably originally made up of amorphous 
silica which has reached its present form by a process of cryR­
tallization l;lnalogous to that of the devitrification of ex­
trusive igneous rocks. The fin!)r and more uniform-grained 
commercial varieties were either originally a pure siliceous 
ooze or else a radiolarian chert in which all evidence of Radio­
laria has been removed by subsequent metamorphism (recrys­
talliza tion) . 

The V M'i-coZol'edJ 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 t.exture, and gradually loses its vitreous lustre. 
The lower chert member has been named the Santiago chert 
from a locality at the east base of t.lle Santiago Range east 
of the range's summit, where it was first seen. A stadia 
measurement in one of the antic,lines south of Pena Colorado 
Creek, about half way between old Fort refia and the mouth 
of the creek, gave the lower chert member 11 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. 

Microscopic examination reveals the fact that the 'va,ri­
colored chert is, in structure, much like the uneven-textured 
varieties of the white novaculite. In the vari-colored chert 
the knots of coarser quartz grains are circular or sub-circular. 
}<jach knot is a single radiolarian, larger 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 CabalJos 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. 

ANTHRACOIJITIC 

PENNSYLVANIAN 

Tesntls Formation 

'rhe 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 thick. 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 Ro.ugh 
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-Iustred hornstone occurs in thin layers and is prevailingly 
black or brownish-black in color. The conglomerate is made 
up of sub angular, 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 TesTIus are "emains of land plants, 
principally Calamites. A stadia measurement on the sonth­
east flank of the second anticline northeast of the mouth of 
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Pella 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 Arkansas and Oklahoma. 'rhe 
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 cllOcolate-colol'ed compact shale are found with the 
Tesnus quartzitic sandstones. 

Some thin layers in the greenish lower Tesnus shales have 
cone-in-cone concrctionary 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 sandstones have become fissile, knotted, and 
gnarled; the shales arc 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 well as in the sandstone. '1'he sandstone also 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 blne-black hornstone, almost chert-Eke in its frac­
ture. ']'he formation contains massive as wen as thin-beddcd 
sandstone. Locally there is a rather fine-grained, almost pure 
sandstone of transparent quart"" cemented with quartz, 
locally to a quartzite, hut perhaps on the whole, more of a 
sandstone than a (lUarb:ite. It is stained on exposcd ~nrfaces 
with' Indian red hematite, 

In the core of the anticline on Rough Creek from four to 
six miles above its mouth is exposed much crumpled Rough 
Creek green shale stained heavily with iron oxide. and wad. 
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Near the outer border of the crumpled 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 angular and whitish particles 
and cemented with a matrix of darker color. Oracks 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, also 
thin bands of waterworn fine-grained quartz conglomerate. 
The shales are micaceous. Small scams of quartz continue and 
some crumpled and much smashed layers transgress bedding 
planes. 'fhe only material that can be called slate is a dense 
blue-black fine-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 
com.b structure are also common. There is notable jointing, 
particularly in diamond pattern, bnt slaty cleavage is not de­
veloped. The Rough Creek 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 shadcs 
of pink, red, and brown, overlie older Paleozoic rocks at the 
edge of the foothills N 10°_15° E of the tmmmit of the San­
tiago .Range. These belong to the Rough Creek shale member. 

The Tesnus formation is distributed around the northeast, 
east, southeast, south, and southwest margins of the Marathon 
Basin outside of the area of the older Paleozoic rocks, and it 
also outcrops in the synclinal areat-: between the anticlil1PR of 
the older rocks. In the heart of the anticline in the Santiago 
Range at Persimmon Gap, the Tesnns 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. 
Ahout one-haLE mile north is another narrow exposure about 
one-haLE mile in length. 

TIle '1'esn118 formation has marine fossils in the northwestern 
part of the Marathon basin, where i1 R (~XpOSll1'eS lie between 
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the older Paleozoic l',ocks, and the Permo-Carboniferous. Its 
contact 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 
outcrop, alluvial covering hides the relationships with other 
formations. Fossils found in limestone layers in the Tesnns 
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. 'rhe 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 llorthwest, 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 arc many fragments of 
Santiago chert in the conglomeratic limestone. 'rhere '3.re 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 fo1l0wing 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: 

Ji'u8ulina "cylindrica" 
Lophophyllum protundum 
Campophyllum torquium 
Crinoid stems, large and small 
A.Tchaeocidaris agassizi 
ArchaeocidaTis, 2 species 
Polypora submarginata 
iM arginitera lasallensis. 
jlfarginitera splendens'! 
Dielasma bovidens 

Comp'osito. subtilita 
Ambocoelia planoconvexa 
Fenestella shumardi '! 
Fenestelloid bryozoans. 
SpiritcT camcratus 

Spiriterina '! 
Meekella striatacostata '! 
Productus com 
Productus punctatus , 
Pro(],uctus nebrascensis , 
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The following fossils were collected in the vicinity of the 
drilling for oil pn Wedin's ranch, northwest of Marathon: 

Fusulina, "cylindrica," 
Crinoid stems, large and small 
Loproophyllum protundum 
Archa,eocid4ris sp. 
Synocladia biserialis 
Fenestelloid bryozoans 

Marginijera splendens 
Enteletes hemiplicatu8 

Squamularia perplexa 
Productu8 cora, 
Spiriter camera,tus 
Spiriter texanus Meek 

Ohonetes granuliter Oonoca,rdium sp. 
Bellerophon sp. 

(Spiriter texanus is abundant in the Canyon and Cisco formations or 
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: 

F'usulinrt "cylindrica" Composita subtilita 
Crinoid stems, large and small Chlonetes gt'anuUter 
Oampophyllum or Lophophyllum ep. Derbya, sp. 
Pachypora sp. Productus, 2 or 3 species 

Spiriter cameratu8 

Dim,ple Fm'mation 

The Dimple formation was named by Udden from the 
Dimple Hills in the northeastern part of the Marathon basin. 
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 
Pennsylvanian age, the exact horizon of the Pennsylvanian 
represented being not yet known. A stadia measurement of 
the formation in the gap of San Francisco Oreek followed 
by the Southern Pacific Railroad between Warwick and Hay­
mond stations gave a thickness of 925 feet. The Dimple over­
lies the 'l'esnus, apparently conformably. 

The formation is exposed one and one-half miles south of 
Marathon, where the dip is about 70° S. 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 glauconite, 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 
Emestone: 

Chonetes sp. 
Productus sp. 
DCl'bya or Orthotetes sp. 

De1'bya ct, crasso, 

Spiriter sp. 
Campophyllum torquium 
Corals and bryozoa 

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 Oaballos novaculite 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 inch up to sevcral inches. Somc 
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 crinoid stems. 

The blue-gray Dimple limestone is generally quite cherty 
and locally grades into a calcareous quartzite. Beds of a re­
markable chert breccia 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 color. The matrix of the breccia is also chert and 
the rock fractures across the fragments. 

The Dimple formation usually outcrops in sharply-contoured 
strike ridges generally along the axes or flanks of anticlines. 
Its outcrops 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 seen 
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 Tesnns formation overthrust over the Dimple 
formation. But as no proof of such overthrusting could be 
found, it is here named a separate formation. Later work has 
thrown a little more light on the problem, but conclusive evi­
dence is not yet at hand. At the locality where the long 
strike ridge of the Dimple formation is 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 fragment:-: of green chert which average about 1/8 inch 
in size, and also a few small fossils. The fossiliferous lime­
stone 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 11 fold, as first interpreted. If this proves to be 
the case, the strata referred here to the Haymond are in real­
ity Tesnus. 

The liBel-Pennsylvanian Diastrophism (Plctie III) 

The region of the Marathon Basin was next folded into a 
mountain range. The diastrophism producing the folaing was 
very intense, the rocks 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 develop~d 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 
are now exposed, but this may be partly or wholly the effect 
of a much 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 Rtructure cannot be given until far more de­
tailed work, based 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 rock 
formations or of structural details. Only enough work has 
yet 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 occupying 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 much 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 which 
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. 'rhe only anticlines not over­
turned were noted in the Pena Colorado sub-range, extending 
northeast from the mouth of the Pena 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 Paeific Railroad, three miles west of 
Marathon. Several overturned antielines and synclines in 
whieh are exposed only the thick strata of the Tesnus forma­
tion oecur on the eastern, southeastern, 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 vertieal, but are not over­
turned. But even where overturning' or overthrnsting of the 
main folds docs not oceur, single formations may exhibit eomplex 
deformation. Thus the antielinc just southeast of the junction 
of Pena Colorado anc1MaT'avillas creeks ill as symmetrical and 
has as low normal dips on its flank,; as any in the region, and 
yet on the northwestern flank the st.rata of the Maravillas 
ehert arc intensely crumpled into minor folds with small over­
thrust faults. 

'I'he most ext.ensive ove1'thrnst not.ed was along the north­
we,;t. base of the Pefia Colomdo anticlinorial complex. This 
overthrust fault. runs for eonsiderable distanees bot.h nort.heast. 
and southwest of the site of old ]j'ort Pena. A broad area of 
lower country between the lower Garden Springs and the 
Maravilla,; Gap is occupied by a complex antielinorium of t.he 
Marathon and Maravillai-l formation, which is repeat.ed a 
number of times, t.he entire ant.ieliuorinm, except in its ex­
t.reme northwestern flank, being overturned to the northwest. 
'Vit.h this Axception, the broad lower areas appear t.o be 
synelinal or synclinorial. 

Around t.he northeastern end of the large anticlinorium just 
noted the Caballos novaculite plunges in a broad regular 
antieline exhibiting none of the minor folds of the underlying 
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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 were 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 oj' the 
Pena 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 feet. 
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 outcrop. 

Date of the Defonnation. '\'he 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 oceurs an 
abundant iauna of the same species of foraminifera, Bryozoa, 
corals, brachiopods, gastropods and pelecypods, as are found 
in the Canyon and Cisco formations of north-central Texas, 
and also an ammonite, SchistocM'as cf. hyatti Smith, very sim­
ilar to Schistoceras hyatt'i Smith, occurring in the Cisco forma­
tion at Graham, Young County, Texas. The fauna of the 
higher beds of the Gaptank is apparently of upper Pennsyl­
vanian age, but that of the lower Gaptank may possibly be a 
little older. It is therefore fairly certain that the folding 
occurred at sometime within the Coal Measures portion of the 
Pennsylvanian. The deformation cannot yet be closely cor­
related with the Hercynian (post-W est.phalian-pre-Stephanian) 
diast.rophism of cent.ral and sout.hern Europe, but. it. falls 
within t.he general Hercynian epoch. 
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The Pennsylvanian epoch of folding in the Marathon basin 
may be contemporaneous with or later than the foMing and 
faulting in the Central Mineral Region of Texas, which oc­
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 
ag'e of the Franks conglomerate is correctly assigned to the 
early Pennsylvanian. It may very likely be contemporaneous 
with the second epoch of deformation in these Oklahoma 
ranges, which occurred in pre-Cisco time and furnished the 
coarse sediments of the Cisco and 'iVichita formations in 
southern Oklahoma and northern Texas. The structure of the 
Marathon basin area is the counterpart of that of the Ouachita 
Mountains of east-central Oklahoma and west-central Arkan­
sas and the axes of the folds on the southwestern margins 
of the Ouachita Mountains strike southwest toward the Mara­
than basi~, and have the same strike as the folds in the Mara­
thon basin. 'rhe 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 extended from Little 
Rock, Arkansas, southwestward to the Marathon basin, or 
whether the two ranges now known only in the two widely­
separated regions were distinct cannot be told, for between 
the two lies a broad geosyncline (Llano Estacado geosyncline) 
formed of younger rocks deformed at a late-r date which en­
tirely hide from view the older Paleozoic. The oldest 
Paleol':oic rocks outcropping 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 Pennsylvanian of a date later than the Potts­
ville. The late Paleozoic folding of the Appalachian Moun­
tains of the eastern United States, if correctly dated, is later 
than the folding of the Marathon Basin and Ouachita Moun­
tains regions. 



112 Univ61'sity of Texas Bulletin 

Events of the Late Pennsylvanian and Em'ly PM'm;ian 

An extensive epoch of erosion followed the Hercynian monn­
tain-making epoch. Then came a resnbmergenee beneath the 
waters of the s·ea, dming which the Gaptank formation of the 
late Pennsylvanian was deposited. Again the sea withdrew 
from the region, sub-aerial erosion followed, and a resubmer­
genee brought about the deposition of some 8,000 feet of Permo­
Oarboniferous sediments. This epoeh 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-carboniferous series. 

Post-Pcnno-Ca1'bonilerolls Po/ding 

'1'he region of the Glass Mountains was gently folded at some 
time after the deposition of the Permo-Oarboniferous strata. 
The date of folding was pr.e-Comanchean Oretaceous. It may 
have occurred at the same time that the Llano Estacado geo­
synclilw was formed. The Jattel' occurred at some time before 
the Upper Triassic (Keuper). 

J\IESOZOIO 

E.\RLY MESOZOIC l<;ROSroN 

1'herr is a gE'_p in the sedimentary rec'ord of the ],"'ront Range 
region between the Permo-Carhoniferom and the Oomanchean 
Oretaceous. A great amount of erosion was accomplished in this 
interval for the basal sediments of the Oomanchean rest every­
where (except at Altulla MountFlin) on a rather even surface 
cut on the oJdel' rocks. The upper Oomanchean rests uncon­
formably on iJ1P Upper Hupco (Pennsylvania) limestonp in the 
region north of the Davis Monntaim.; at the northwestern cornol' 
of the ar·ea mapped. In the Glass :Mounta,ins the Fredel'icks­
bun~' Oomanchean rests on different formations of the Permo­
Carboniferons and to the' east on the Gaptank and Tesnus for­
mations. Further south in the Marathon basin region the Trin­
ity OOlIHmchean ],(;Ht~ on all the older PFllrozoie formations. The 
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Perlllo-Carboniferous Vidrio formation appeal'~ to have been 
an lHland when t.be Prederickslmrg sea first advanced over that 
region but later became entirely covered with Comanchean sedi­
ments. 

CHETACEOUS 

Comanc7wan Cretaceous 

The Comanc,hean sea [!,l'adnally advanced northward, the oICt­
cst Comanchean sodinlPnts being found at the south. Dasar 
Comanchea11 bed~ of Trinity age r(~st on the bevelled edges of 
the elmmly folded 'l'es1111s formation nt Persimmon Gap in the' 
Santiago Range. Tho basal Comanchean becl8 in the Glass 
Mountains belong to the Predericksbul'g division. At the next 
place to the nOl,thwHrd where basal Comanchean strata are ex­
pose(l in the region of the Davis Mountains, they belong to the 
"\¥ashitn clivision, or if older' Comanchean IJPds MCLlI" they are 
very thin and are coyerec1 by IntEr deposits. 

'l'he limestones of the Ptedericksburg and 'Washita thiclren 
greatly anel graclually bFlcome m01'e massive 1rom the Davis }foun­
tains south'waHl to Hw Rio Granele. Strata of the Fredericks­
burg division do not 80em to have lwen dc)positeel lllueh farther 
north I han Lhe Glass lVlollntaiuH. In the region uetwecm Mt. 
Ol'd and a line an unkuowl1 di::;tance sDuth of Santictgo Peak the 
Del Rio clny overlies I he Edwards limestone. Southward in the 
Sierra del Calmen and along' the Rio Crande, the heavy lime­
sione beeOl1H'S 2,000 fC~f't in thickness and pl'obably includes most 
o[ both the F'l'edel"idcshmg' and Washi1a divisions, and the Del 
Hio clay has an ilTegulal' development. 

The basnl h('cls of the Comanchean resting on the older for­
mations in the Ma1'atholl bn8in region are sometimes, but not 
ah~ ays, eongkmeratie. Aronnd the cast margin of the basin a 
membo]' of !luff, l'C'sistUllt. IIledium-grained, well-indurat.ed and 
much jointe(l s:mdstono, 40 Jeet in thic;kness, is very persistent. 
On Cedar :Mountain this sandstone is underlain by 215 feet of 
limestone and marls and overlain by 130 feet of massive white 
chalky limestone. Thero is here no hasal eonglomerate, marly 
limestono hl'ds I'ostiug' directly upon l)(welled edges of steeply 
tilted Dimple form:1tion. 
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In a low antidine of Comanchean at the southeastern corner 
of the Marathon basin the basal Comanehean consists of arena­
ceous light buff limestone, weathering gray, interbedded with 
yellowish-buff marl, snd in the upper third, cross-bedded me­
dium-grained soft buff sandstone with sugary texture. This 
is su(~ceeded above by 1he massive Edwards limestone facies. very 
cherty and eontaining many crystals of fibroml calcite. The 
chert, which is generally iron-stained on the exterior, contains 
impressions of RadiolitC's, Caprina and '['urritella. 

A short distance north-llorthwest of Persimmon Gap the basal 
Comanchean is a hard, reddish-brown conglomerate of water­
Worn pebbles and boulders ranging up to eight inches in dialn­
etel'. The basal beds of yellowish-brown rough limestone and 
marl overlying the 'rcsnus at Persimmon Gap contain upper 
l'rinity fossils (Orbitlllina lexana, etc.). 

The Comanchean fringing th(~ Marathon basin on the west is 
broadly divisible in thrce map able units. At the base is a 
white or buff chalky limestone with locally a basal conglomer­
ate, some calcareons t>andstone :Illd then mainly a rathel' mas­
sive limestone with a charaet(~l'istic blue-gray weathenod surface. 
'rhe top of this is of Georgetown age. Above is yellowish marly 
clay with thin flaggy beds of lim('stone, not more than 100 feet 
thiele, forming low mounds or mesas of a tawny yellow eolor. 

A t the base of the lava escarpment southeast of Mt. Ord a 
white chalky limestone about 50 feet thick overlies the yellowish 
marly clay and probably represents the Buda horizon. 

l'he ba~.e of the Comanchean west of Altuda lVrountain is a 
limestone conglomerate made up of fragments up to six inches 
in size of the underlying Permo-Carboniferous with a limEstone 
matrix which l>enders the conglomerate difficultly distinguish­
able from the Permo-Carboniferous limestones. 

'rhe basal Comanchean beds in tIle northwest cornel' oE the 
area mapped (sonth of a poirJt between Boraeho and Plateau 
section houses on the rrexas ahd Pacific Railway) are of con­
glomeratic t-landstone with pebbles of sandstone and chert of 
vai·iolls colors, well-rounded and ranging up to two inches in 
size, with a brownish to reddish matrix, prevailing dark red in 
color, micaceous, and fine to coarse-grained, with a maximum 
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thickness of 100 feet. This overlies some 300 feet of bluish, 
brecciated, and cherty limestone, which IS probably upper 
Rueco. 

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

Top. 

1. Heavy, chalky limestone ............................. . 

Thickness 
in feet. 

50 
2. Limestone and marls, containing the following fossils 

identified by Dr. Emil Bose: 
Schloenbachia trinodosa Gryphaea navia 

Schloenbachi(~ att. acutocarinat% Cardiu1n 1nultistriaturn 

Schloenbachia sp. Gryphaea pitcheri var 

Tylost01na chihtwhtwense Wcu1ncarii 
Yo la, indet. 2 species ...... 90·100 

3. More resistant, thin~bcdded buff liUlestone............ 10 
4. Thin-bedded, gnarly limestone above with thin-bedded, 

brown, sandy, ferruginous flags tune below............ 120 
5. Lower beds, covered by debris......................... 60 

The following fossils were (mllected from marly beds at the 
Comanche Spring at Fort Stockton by Mr. W. F. Henninger and 
W01'e identified by Dr. E. Bose: 

Exogyra texana 
Exogyra, sp. nov ? 
Exogyra sp. 
Enallaster tex(mt~s 7 

Engonoceras sp. 
Lirna sp. 

'l'rigonia sp. 
Cala subalpina 

L1,1na toacoensis 

Plvolaclo1nya sp. 
Vol{/ i1Tegularis 

'1'his horizon is the lowest part of the Georgetown. The fol­
lowing Georgetown fosHils wel'e collected in the middle of Sec. 
3, Block 114, Pecos County, awl identified by Dr. Bose: 

SchlOenbachia of nodosa group 
Epiaster elegans 

Alectryonia rnarconi 

Gryphaea pitcher'i 

Vola sp. 
Tapes ? 

A total of 980 feet of Comanchean strata occurs between the 
top of the northwestern part of the rL'welve 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: 

Top 
1. Heavy chalky limestone 

Thiclmess 
in feet. 

80 
2. Marly limestones, with following Georgetown fossils, 

identified by Dr. Bose, at top: 
j( tngena wacoenSLS 
lJ'tplopodia cf. iexanuYn 
PYTina P(LTTyi .................................... 190-220 

3. Brown layer at top, mostly light buff or cream-colored 
thin-bedded limestone in the middle, and medium-grained 
brown ferruginous sandstone at base ................... 140 

The log of tho well at Belding follows. Elevation at the well 
is about 250 feei.. below the. brown ferruginous sandstone. (No. 
3 of above section). 

6 ft. alluvial soil 
37 ft 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 
24 ft. no data 

2liJ ft. lime conglomerate. 
4liJ ft. gravel. 

2 ft. limestone 
95 ft. no data 

gravel 

Clay and gravel at 215 ft. 
46 ft. soft and hard limestone in alternate strata from six inches 

to two fpet thick The hard limestone is like flint anrl 
soft limestone is lilee shale. 

8 ft. yellow limestone 
16 ft. hard blue limestone 

3 ft. clay 
6 ft. yellow sa.ndstone 

38 ft. light gray limestone 
7 it. blue sa.ndstone 

14. ft. blue limestone and yellow sandstone 
35 ft. while and yellow sandstone in alternating strata from 

six inches (0 two feet thiclL 
4 ft. white limestone 

53 ft. shale, sandstone, clay, and limestone 
11 ft. very hard s[tndstone 
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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 01 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 IJm-7"harclti 

Schloenbachia Tost'rata 

Schloenbachia cf. rvodosa 

Sch~oenbachia sp. nov. 
SchloenbaGhia sp. 

EngonoccTfIS sp. 

Nautilus sp. 

PyTina P([TTyi 

Pynna sp. nov. 

EnallrtsteT texanus 

llo1ectypus plrtnatus 

2. Middle Georgetown: 
Seh luenbachia tTinodosa 

fiJpt(lster e7egans 

Lim([ 'UJllcocnsis 

Limn sp. 

Vola subalpina 

Vola sp. rt)OV. 

CareiHlm multistriatu'fn 

G1'YP!WCII pitchen 

Pllolar/on1ytt 81) 

'I'upes sp. 

'I'ylostoma sp. 

C([rclitCl sp. 

E nallaste r texanus? 

Area sP. 

3. Upper strata (highest Georgetown); 
Bchloenbachia trinodosa 

Ostrea qwulripliGata 

Ena.llasler I;ravoensis 

U PPM' Cr-etaceoU8 

The Upper Cretaeeous was found only in the region underly­
ing the lavas in the Davis and Barilla mountains and in the syn­
cline between the mouths of the lVIaravillas and San Francisco 
creeks. In the latter area only the Benton (Eagle Ford) thin 
flaggoy limestone beds are found, overlying the Comanehean. 
The base consists of 20 feet of yellowish-brown arenaeeous lime­
stone, succeeded above by 80 feet of white chalky marls and ir­
regular-bedded knotted and marly li.mestone. 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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vicinity of Alpine, A thin section of Benton was not.ed under­
lying the lava near the Bow McCut.chin ranch housc. Here wer(t 
characteristic blue-black bit.uminous shale int.erbedded with t.hin 
layers of chalky limestone passing up into t.he Niobrara chalk. 
The lava remnants east of I3rogada and Balmorhea are under­
lain by Benton or Pierre. According to Dr. ,J. A. Udden, the 
Boquillas flags phase of the Brnt.on, consisting ,of t.hin-bedded, 
yellowish-brown, fiaggy limestones, overlies the Buda limestone 
in t.he trough of t.he syncline south and southeast. of San Mar­
t.ine st.ation on t.he Texas and Paeific Railroad, Typical Nio­
brara (Austin) chalk underlies the valley of Limpia Creek be­
t.ween 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 l'alwh at the mouth of 
Adobe Canyon and fLt the mon1h of the LJitile L\gllja Canyon. 

The Pierre is found under the lava at "Wild Hose Canyon and in 
the vicinity of the JVIcCntehron ranch hOLlfole in Limpia Canyon, 
also in the valley of Limpia Creek between the Davis and Bar­
illa l'.]oun1aills anll in a llllllll)(']' of 10cHlitiel-l undorneath the lava 
in the Barilla MOlllltnins. '['he Pierre strata are greeniHh-gray 
calcal'coul"\ clayN, wrathrring greenish-yellow and conLlining 
EJ:ogy1'a pOl1dC1'o,m alld other fossils, 

Date Cretaccons Diastrophism 

Sometime after th<! deposit.ion of the Piene Formation and 
before the outhreak of volCflnic act.ivity, t.he lower and upper 
Crelaceons roeks were folded, fanlie,1 and eroded in the region 
of the Dayi" and Bal'illa mountains. The axl's of deformation 
W()1'e airedc(1 northwest-soutlw:u-It, Thl' Cl'ptaCGous ]'ocks often 
dip in directions o]lpo:-:ite lo the clips in 1 he overlying' volrrtllirs, 
the lat.ter hreving be0n dl'lol'llH'd at a mnch later dcl1,(~. The 
volcanics 1'est unconfOlmably at differcn1 phw('s on ~lll the Upper 
Cro1aceous rocks and 011 all thc youllger ComanchpHll Cl'etnr(~olls 
rocks of the \Vashita ill1c1 FreclcTi(']n,lmrg cli visions, '1'hl' later 
Cretaceous cliastrophisttl appenrs t.o 11aVl' been confined to 1h(e 
l'egion of the Davi" :Illd Bari l1a mountains, only extending to 
a few miles ;,;out11 of the li11e or the Karmas City, Mexieo and 
Orient Railway. Tn the Dclawarp-Guac1all1pe Range n. broad 111)-
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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 defonnation may be Laramide, but no definite 
evidence of Laramide diastrophism is yet certainly known somh 
of the latitude of LaH 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 Cretaeeous, including 
the Pierre, is strongly folded and ullconformably overlain by 
flat-lying Navarro (Ripley or Fox lIills) stl ata, The deforma­
tion in Nuevo Leon is the1'l'fo1'e older than Laramidp. In the 
Chisos eountry, according to U dden, there is apparently no un­
conformity between the Pierre and overlying later Cretaceons 
sediments. The same conditions of conformity arc repOl'~ ('it 
by Vaughan in the San Carlos eoal field of the Tiena Vieja 
mouniains region farther west. East of th() Chis os country and 
at the cast base of the Sierra del Carmen basaltic lava uneOIl­
form ably overlies upper Comanche:1Il strata. This implio; thf' 
erosion of all the upper Cretaceous hefon~ the olLtpouring' )1 th2 
basalt. This basalt, may, howcver, be later in ag'c thun the 
other volcanic rodul of the region. 

Tile Laie C'l"e!lIceoils-!iJ(I1'ly Tm !i((]'Y Yo/r(fnic; fiJp()('h 

'rhe late Cretaceous folding :md fnlllting ill the Davis and 
Ba ['ill <I mOl1nt nills was follower1 by a lOllg rp(wh ,() f erosion dur­
ing which the entire Front Range reg'ion wm; a 1an(1 arf'a. Then 
volcanic activity on a large seale begnn Hll(l covered 1 he greater 
part, if, indeed, 110t all, of the rrgioll wi111 flows of lava. These 
lava flows arc found today in great development in the Davis 
and Barilla mountains, in the region westward from the Mt. Ord 
Range to Sierra Blanca and flOuthwal'cl fa]' into Mexieo. Small 
nllmants of volralli(~ I oak northeast or the Barilla IVf01mtains and 
east of 1hc Santiago Rallge ane[ Siena del Carmen show that the 
lava once covered a much greater territory than now. vVhr,n tl:c 
vo lcanism began tlw region pJ'obabl~T had both a wetter and 
warmcr climate than at present EOI' leavps of palms are fOllnd 
in the basal volcanic tuffs in the Barillft ]VIonntains, which tuffs 
nnconformably overlie clays of Pierre Crctaeeous (Upson <lla,\', 
Taylor marls) age. Silicified logs of t 1'('<'[0;, some of whieh a r0 
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three feet in diameter, are found in a "fossil forest" which 
grew on upper Oomanchean limestone four to five miles north­
east of the Duncan ranch house, north of the Davis Mountaill:;;. 
The epoch of erosion following the marine deposition of thl: 
Picrre Oretaceous was a very long one, since in most -places the 
lavas rest upon upper Oomanchean strata. Nearly all of the 
Upper Oretaceous 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. Onl Range from Altuda Mountain 
southward to Elephant Mountain, and east of the Sierra del 
Oarmen. The lavas rest on strata of Benton, Niobrara, and 
Pierre Oretaceous age at various places in the Barilla Mountains, 
between the Barilla and Davis Mountains, in the vicinity of the 
McOutchin ranch houses in Limpia Oanyon, between Ilimpia 
postoffice and Wild Rose Oanyon, and east of the line of th(O' 
Kansas Oity, Mexico and Orient Railroad in the locality from 
six to eight miles north of Strobel siding on the Southern Pa­
cific Railroad. It is probable that in the vicinity of Alpine the 
lavas rest on the Benton Oretaceous, for a blue shale resembling 
the Benton is reached in wells thcre. 

The igneous rocks are mostly lavas but tuffs, tuff-breccias, tuff­
agglomerates, and tuff-conglomeratcs 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 Oanyon 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 Oarmen and 
west of the canyon of the lower Maravillas Oreek. In most, 
but not all, places in the Davis and Barilla mountains, volcanic 
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 corning 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 volcanoes, but they often 
contain fine lapilli. '1'he 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 volcanic 
series, They arc whitish, buff, light green, pink, or blue in color. 

The tuffs, tuff-breccias, tuff-agglomerates, and tuff-conglom­
erates higher 11p in the volcanic series contain more coarse 
pyroclastic and water-transported conglomeratic material than 
the basal tuffs. Some of the pebbles in the higher volcanic 
series 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 eontaining 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 volcanoes or fissures from which flowed the great volumes 
of rhyolitic lavas have nowhere been found and in most cases 
have probably been covered by later lavas or else the syenitic 
plugs of later age may in some cases occupy the sites of the 
older rhyolitic volcanoes. Dikes of rhyolitic facies occur in the 
southern Davis Mountains and in the vicinity of Alpine and 
Paisano Pass. Felsitic lavas and obsidian are in somo places 
interbedded with the rhyolites in the Davis 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 snm­
mit or Sawtooth Range of the Davis Mountains appears to be 
along a line of volcanoes or of fissure eruptions. Iron Moun­
tain, north of Marathon, is a plug of syenite-porphyry and sev­
eral dikes and sills, apophyses of this plug, occur 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 syenitic intrusive with the Leonard Permo-Carboniferous lime-
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stone on the northeast side of Leonard lYfountain. Two laccolitm>' 
of syenitic rock occur in the Ord Mountain Range, west of Cap­
tain James's ranch house. The eastern of these is a typical 
laccolite, which has domed up the Leonard Permo-Carboniferous 
formation. The westel'11 one has broken through the Permo­
Carboniferous and Comanchean more like a plug. '1'he pulas­
kite of Santiago Peak and other mesas in the vicinity appears 
to have formed a thick sill from the top of wllich the Creta­
ceous rocks have been removed by later erosion. 

The basic rocks noted by the writer all occur east of the 
Santiago Range and the Sierra del Carmcn. BehYcen the latter 
range and the canyon of the lower MaJ'avillas creek is a flow 
of highly vesicular basalt. North of the b,lS'alt flow, in the 1'()­

gion bptween the lwad of the canyon of the lower lVIaravillas 
and the Marathon l>3;;in, arc a cOllsiderable nnmber of sIllall in­
trusions of hasie rocks, which "lvere not examined by the author 
but were mapped by Mr. VV. F. Bowman. Some of these arc 
ce1'tainly plugs. 

Clwlllieal analysrs mad(; inrlnclc thirty-eight analysl'H of 
rocks made m thc laboratory of the 13n1'ean of Economie Geol­
ogy, thrcc amdysrs made in the la\Jol'ntol'Y of the United 8tatcs 
Gcologicn] SUl'vey, 311tl threp analYfJe~ glYPH hy Osann <111(1 ma.de 
in tllO laoorat(ll',v of Hcidcllwrg UnivPl'sity, GcrmallY, ,f '!'lwsc 
allal~Tscs show thai all of the rod~;-; or the rcgiOll arc dcA(~ient in 
magnesia, even il1cluding Homc of the mOl'e batlic rocks. In all 
1m! Iline 01 the u]]aly~es, sod" is in exccss of Jlotash. 

OSiUlll" gin's Ih(' ol'tll'l' oj' the vol('Ll,uic cl'llptiullS as follows: 
first, ba~alt; Heeollc1, rhyolite; and third, irarhytcH and pl10110-
litcs. He found a hasalt flovv nn(lcl'lyillg the rhyoliteR in Limpi'l 
Canyon ncar Fori D21Vis, '1'11e oldest lava fonnel b~T the ]JJ'cscnl 
Wl'ji~l' oel'lurcd at the hase of the syndinc of YOIC<111ic8 north of 
Limpia Canyon. '1'his appcars to be an orthoclase-oligoclase 
trachyte, \\'itll typieal t1 achy tic stl'llctnrc with all{11Ii-calci(~·fcld­
spm's (ol'thoclase predominant) and about oIle-cighth Ilwglle­
rite. Thc ;lluy~'c1ulcs <Ire lillcd with a grecn mineral finely fi.b­
lons, with fibres perpcnclielllm' to the walls, which is probably 

·Beitrage Zl1r C]pologie llllll Petrographie del' Apar:he (Davis) Mtns" 
West Texas. Tschermak's Min. und Petro Mitlhl., vol. 15, pp, 394-455, 
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chrysophrase. The basic rocks east of the Sierra del Cannen 
and the Santiago Range are likely the oldest igneous roeks noted 
by the writer, but their relationships to other igncons rocks are 
not known. 

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

"The most abundant leaves in the collection are those of 
Oreoifaphnc ])sclldo.!/Ilianensis BC1'1'1!, a Wilcox type. A few 
fonus, not so cel'tainly identified, I have l'eferroc1 to lJI cspilocl(/}Jh-
111? pllryea1'cnsis Be'l'1'y, another Wilcox type. The third form 
identified with a previously deseribed form, is JI(gZllriS mgosa 
Lcsqllcl'eaux, a basal EocconefOl'm of the Rocky Monni ain re­
gion, oc~eurrillg in the ]-(,,,t011 mlCl DCllVC1' fUfmations, and at 
Evanston, Black Buttes, etc. '1'he rcmainder inelude tllC very 
abumlant iragnwn(s of H lal'9,e Ian palm (8ab rtZiles) , wbich I 
hesitate to name specifically, since thcoy are almOfli impo~sible 

to doi ermine with preciNion, and OCCllt' in thiN gencl'fll region 
tlll'ongbout tI1C lAte UPI)cr Creiaceons,Eocelle and Oligocene. 
'Fhe Barilla form, howevor, suggests vvhat Lesquereaux calleel 
jIOlabeZ/ari(( Eocenic(l. from the Raton formation. There are, in 
addition, two 81)ecime11s or what appcal'S io be it U('W 81wciPR 
of QIIIlrCUS :1l1d some fragments of :l feaiher-veined palm of' thc 
gonllN Ueollollliirs, al",,) Hllpm'(,llily 11CW, bnt pOS"ibly l'eTll'esc:lllcd 
in the ]'ercnt cwlleeliOlJo: ft'()lll Ihc Rnion fonnalioll sinre I lOlO·W 
tne genus iR abuIlclani Hcre. Geoilomiics (a different spPc~i(:~;) 

Of'cnr'R in the Upper Cretaceous of southwestern 'l'exfls :mcl it-] 
especial1y characteJ'i.~tic of the TIaton and Denvpr fOJ'mations, ill 
'which there are several specics. 

"Thus yon see your tuffs appear to 1)e of the same age as 
those dispnted horizons nlon~ 1he Rocky lVfollntain frollt w11ie11 
I wOlVd eall Eocene bui 'which you, judging by your remarks 
on vertehrat e honc~, will pl'oba bly consider Upper Cretacnous. 
'I'he Barilla tuff;:; appem' to be rhyolitic while thoso of the Denver 
al'P chiefly andesitic, but I don't snppose that make.s any dif­
fercnce. 'j'bcl'(' is the Additional pw;sibiliiy that they arc COll­

tC'mponnwous with tlw gI'C'flt. orogenic activity that marks the 
:)oll11c1ary l,ctween the Fort Union nnd trl1e vVasntch, sinc~e the 
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Wilcox plants indicate a later horizon than the Raton. I shall 
certainly call the plants Eocene if I describe them, as I may do, 
later on." 

In the Ohisos country, Udden found volcanic tuffs in strata 
of Navarro Upper Oretaceous age. In the 'eiena Vieja Moun­
tains the rhyolitic lavas (quartz-pantellerite) rest on the San 
Carlos eoal series, which overlie Pierre strata. In Uvalde and 
Travis counties, Texas, basalts and phonolites intrude Taylor 
marls of Pierre age. 

Physiogmphic Featu1'es Oharacteristic of the Arid Olimate. 

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 oE subaerial denudation has taken place 
since the 1'atest defot'mation. 

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 eausing the rocks exposed 
to slowly slump or roll down; the undermining of the more 
resistant cliff-forming rocks by the removal of less resistant 
rocks beneath; the shattering 'caused by unequal expansion and 
-contraction of heterogene,ous 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 craeks already present in the rocks, caused by earth move­
ments, and permitting more rapid weathering and erosion; 1he 
removal of finer clay particles by the almost incessant wind; 
together with on the whole a relatively subordinate amount of 
ehemical decomposition: all have combined 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 J"l'cat importance; in the descrt dccomposi. 
tion 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 steepnCsH 
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 
erosion force to rainfall. ObRervers familiar with both regions 
would probably agree that there is a greater amount of el'osion 
now taking place in the westcrn and mor~ arid half of the 
United States than in the eastern and mOre humid half, but the 
general gradient of the land surface is of course steeper in the 
west than in the east. 

'1'here is also a greater amount of deposition taking place on 
subaerial surfaces in thc desert than in regions of humid climaie. 
ThiR is demonstrated by the grcater importance of alluvial debris 
fans in the desert. The causes of deposition of fan material, 
which form" at places where Rteep slopes give way to gentler ones, 
are lowering of gTadient, distribution of the stream water ovel' 
a larger surface, and evaporation and absorption of the water. 
A larger proportion of the stream watcr is evaporated in the dry 
atmosphere and absorbed by the dry soils of the desert; and 
these are causeR for the greater development of alluvial fans in 
an arid dimate. 

'1'he nature of the erosion is similar in this region to that in 
the enclosed basin anms farther \'lest, but the amount of deposi­
tion on the lower land surfaces in our region can by no means 
compare with that of enclosed basin areas. For all our rcgion 
has exterior drainage to the soa, and much of the transported 
matprial is (':1lTlod avmy by the Rio Grande. 

Alluvial fans are being dissec1 ed here as they are in the Grea~ 
Basin'-': 'rile causes of thiR have been noted by the writel' in 
a previous paper'::"~ and will not be repeated here. But the 
writcr is 110W In(~lined even more than .formerly to attribute 
the deep, steep-sided tren(~hes cut in unconsolidated debris fan 
material 1,0 the work of cloudbursi,s, which are a common form 

*For some of the cans('s of this dissection not considered here see 
Udc1en, J. A., Sketch of the Geology of the Chisos Country, Brewster 
County, 'rexas. Bull. No. 93, Univ. cf Texn,s, 1907, 1)11. 9-15. 

**Notes on The Lator Cenozoic: Hisl.ory of the Mohave Desert Region 
in S011theasiern California. Univ. of Cal. Publ., Bull. Dept. Geo!. 
Vol. 6, No. 15, 1911, pp. 371-377. 
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of rainstorm in these arid regions. Concerning' the action of 
cloudbursts, Gilbert in his Lake Bonneville monograph writes as 
follows: 

, 
I 

"As in other desert regions, precipitation herc results only from 
cyclonic disturbancl:, 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-wlty discharges in a few hours mere 
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 unsuited 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 othor 
arid l'C'gions."-Page 9. 

'1'he sun telllperature in the dry atmosphere often becomes 
very hot during the hours of midday, and rocks, especially the 
darker-colored ones, become quite hot. At night the rodm 
rapidly lose by radiation the heat they have absorbed during 
the day and strains arc set up in those composed of different 
minerals with diffe1'ent eo-efficients of expansion, which arc 
often sufficient to disrupt the other portions. Von Streernwitz 
tells of hearing rocks in this region burst at night with loud 
rcports.* A rock composed of homogeneous 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 topogrnphic pr,ominell ces. 

The finer products of weathering are eit11er 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, flO 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 al'e !1"t 

easily dissolved, form the "desert pavements". rrheir surfaces 
and the surfaces of baee rock in cliffs are often coated wit.h the 

*Trans-Pecos Texas, 4th Ann. Rept. Geol. Surv. of Texas, 1893, pp. 
143-146. 
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." desert val'nish" of brown or black eolor, composed of man­
ganese and iron hydroxides. 

'1'he most abundant substance carried in solution in the waie1'" 
is earbonate of lime. The shallower underground waters carry­
ing this and other substances in solution are brought to or neat' 
the surfalCe by capillary action, there evaporated and the minc1'9] 
matter carried deposited as a cement, binding together the rock 
fragments. '1'his cementing substance, mainly composed of car­
bonatc of lime, is called "ealiche", "tepetate", or "terra alba". 

Cliffs are often sharper in contour in the desert than in 11· 

more humid climate, but this sharpness is perhaps even mOl e 
largely characteristic of certain kinds of rocks than of different 
climatic conditiolls. Imek of soil covering gives a rugged sur­
face to the highland,> while the contours of the lowlands 'ar" 
smoothed out by deposits of debris. 

Physiognlphic Peat UJ'cs Chamctm'istic of t71 e N atlwe of the Rocks 

! 
Five different types of rocks in this region weather into as 

many different erosion forms. These five different types are 
(1) the intrusive igneous; (2) the lava flows; (3) the pyroclastic 
igneous (tuffs and coarser fragments produ(~ed by volcanic ex· 
plosions); (4) the more resistant sedimcntaries, comprising the 
Paleozoic and Cretaceous 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 exception of the limestones (which are 
more resistant in arid climates) are eroded much the same under 
any climatic condition. 

It is not intended here to ~ive 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 snch 
features as aid in explaining the physiography and make up the 
mare striking features of the landscape. The intrusive igneou::l 
roeks, the Java 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 igneous rocks weathcr with rounded contours 
and these contollrs are most rounded in thosc rocks which are 
wholly made up of crystal forms visible to the unaided cy(~. The 
most coarsely crystalline rock in this region is found in a lac­
colith in the northcrn lVIt. Ord Range some three milcs west 
of Capt. ,Jnmes's ra11ch house, whieh weathers in rounded knobs 
like a granite. 'rhe thick sill or laccolith forming Santiago Peak 
is a porphyry with a finely crystalline grolll1dmass, whieh 
weathers with angular faces and sharp edges much like a lava. 
The porphyritic syenites of Iron Mountain (Plate IV), and the 
Sawtooth Range of the Davis lVIountains weather in somewhat 
more angular shapes than the laccolith 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 Wl'mtheJ' 
more rapidly along the joints, and so form irregula"-shanccl 
blocks resembling rude masonry. The perpendicular or nearly 
perpendicular joints often givc rise to precipitons diffK. 

In Iron lVIountain, north of l\farathon, two forms are assumed 
by the porphyritic syenite. The southern part of the mountain 
is rounded in outline and shells off (exfoliates) in eOllll~entl'ic 

sheets. (Plate IVb). The northern part of the mountain has 
more conspicuous perpendicular joints and the most conspicuous 
weathering forms are pinnacles and spires, also present in Saw­
i ooth Mountain of the Sawtooth Range. 

The porphyries with phenocrysts of sanidine and nepheline 
weather with pitted surfaces. The pits wele once filled vyith 
these more soluble minerals, which have been dissolved OL1t. 

'fhe lavas weather with flatter facr~'l and sharper edges than 
the intrusive igneous rocks. The more massive and thicker flows 
form escarpments of dark-colored rim rocks, especially at the 
edge of the Davis and Barllla Mountains, the conn try hetween 
Alpine and Marfa, and at the edge of the lava flow from Mount 
Ord southward to Elephant lVIountain. 'L'he npper smfalces of 
the lavas form mesas when they are hori7.ontal or nearly ;-;0, and 
cuestafl when they are tilted. The scarps rimming the lava­
covered surfa(~es are formed in the same way [IS the erosioll 
scarps of the heavy-bedded limestones. The underlying tuf-
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faceous and fragmental volcanic 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 Of" slumps are seen near the edges of the lava es­
carpments or along the walls of canyons, 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 Elephant 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 columns. (Plate IVa). 

Joints in the lava absorb most of the rainwater falling on the 
flattish surfwces. Oonsequently few drainage channels ]lave 
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 des~rt is accomplished by running water. 
So heTe the flatter smfaces of the original lava flows have per­
sisted throughout entire Oenozoic time and the broad flats of 
the lava-covered regions remain today mnch as they were when 
the lava first solidified. 

The water absorbed llY the lavas in the Davis Monntains region 
seeps downward through the roeks until its further progl>ess 
downward is checked by non-porous beds. At the junctions of 
the impervious rocks below and the porous tuff bed which 
genr-rally nnderlies the lowest lava flow the water accumu­
lates and escapes as springs at the edges of the lava escarp­
ment and where the canyons have cut as deep as the basal tuff 
bed. So it is that the Davis Mountains rims and deeper can­
yons have more springs than other portiom: of the region. These 
spring waters are on the whole quite pure because little soluble 
mineral matter can be dissolved by the water in its passage 
through the lavas and tuffs. 

The process of gradual recession of the l<lva cliffs is slow 
but the cliffs will always be steep until all of the lava is finally 
removed by erosion. All of the country not proteeted by the 
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lava capping can 1)e reduced to a low and featureless plain whilt~ 
steep lava cliffs remain, and the uppm' surfaces of the lava still 
preserve their original flatness, So far as we know, t.he (m1.ir~ 

region aside from the lava and limestone mesas may have been 
reduced t.o a penepl}lin before the last folding forming the 
present mountains took place, Above such a flat and feature­
less peneplaned surface t.he lava and more resistant limestoIl(, 
plateaus and mesas would Htill persist. as monadnocks and rise in 
steep escarpment cliffs above theil' peneplaned surroundings. 
Such a lava surface can only be destroyed by the slow under­
mining of its rims, fo), wind abrasion plays ouly a subordinate 
part even in a desert such as this. There is no erosion process 
operating on the flat lava snrfaces ex(~ept extremely slow solu­
tion and wind abrasion. Exfoliation of course was opera.tive for 
a time when the lavas were young but it. was soon checked and 
finally pract.ically stopped by a surface accumulation of angular 
disintegrated blocks too large to be removed by the wind. These 
made a surface even more porous to rainwater, and t.hus aide,l 
in preventing the fOl'mation of Huriace drainage channels. 

The upper surfaces of the heavy-bedded limestones, partieu­
larly the Edwards-Georgetown and the Vidrio (Permo-Carboni­
ferous 01' Permian), have been pre.'lerved throughout the Ceno­
zoic much as have the lava surfaceH. '[,he limpstone is an even 
more porOUR rock than the lava, and the proeess of exfoliation 
operates litHe on it because it is a homogeneOllE-l material com­
pospd of (1' single millel'al. The IrsH l'esistml1 slr'atn I) vcl'iyillg' 
these hca vy limest.ones ,yere l'emovpd early in the Cpnozoic ero­
sion epoch from aU places where they occupied topographic 
prominences. 'l'he"J<1wards-Geor6'etown was immediately over­
lain by the Drl Rio, whieh contains a large amount of elayey 
material impervious to t.he passage of water. 'I'he Del Hio is 
thin and fiag'gy-beddpcl and hence cO'Ilparativd,\' little l'e~istan1, 
especially t.o the erosion of running wat.er. But when once the 
Del Rio became removed from the underlying Edwards-George­
town, downeutting by the corrosion of rUllning wat.m' became 
greatly inhibited 01' even checked because the water was absorbed 
by the Edwards-Georgetown limestone. A few of the larger 
streams with greater water supply did persist and are today t.hc 



Geologic Explo1'ation of T'rans-Pecos Texas 131 

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 solu bie rocks of the region, but it has been 
already pointed ou't that solution is a relatively unimportant 
process as compared with mrehanical 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 
vicinity 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 Comanch(~ and Leon Springs at and near Fort 
Stockton, reach the surface through limestone beds and arc either 
fissure spring's rising on fault lines or springs rising in solution 
channels in the limestones. 'rhe 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 number of other 
arcas have the more barren surfaces supporting only the most 
drouth-resistant vegetation. These lim(ostones lU1Ve 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 plant:,;. The Jae1\. 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 erevices 
and through the softer portions of the limestone. 

'l'here is no hope of getting 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 place!,! 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. 

'rhe limestone cuestas and mesas are being destroyed only by, 
the slow process of cliff recession, just as the lavas. '1'herefore 
they can persist even until the very end of a cycle of erosion. 
Now it is precisely because these limestone and lava sudaeri'! 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 arc responsible for 
the present mountains, began. They were the sarlace rocks of the 
region when they wcre folded and so they givc us excellent data 
as to how competent surface ro.cks 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 couli] have 
been preserved throughout the entire erosion cycle from youth 
to old age. All the dc"finite information now afforded us 
by the stage of erosion reached in a cycle lasting practically 
throughout the Tertiary is afforded by the meandering courses, 
now intrenched, of the antecedent streams of the region. Snrh 
meanders are not developed in young stream valleys bn~ only 
in mature old stream valleys. The general stage of erosion 
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. It 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 'l'exas. 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 st6ep, 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 da:te that they have crumpled into ruins. The less resistant 
heds form less steep slopes covered with dehris from overlying 
more resistant layers and the whole escarpment or canyon wall 
gives a buttress effect like that of ruined Gothic architecture. 

The minor features in the tcpo~raphy 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, separated by the drainage courses, generally with 
their lower slopes less steep and more covered with debris. The 
concavity of the profile of the lower slopes abruptly fiattens 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 lines 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 landscape. The limestone cliffs are ashy-gray or light 
buff in color. Flat-topped columns or pinnacles often stand a 
little in advance of the main cliff walls or are isolated by drain­
age courses. 'rhe valleys are not flat-floored but have consid­
erable relief. But viewed from 'Commanding points above thrm, 
they appear fiat and featureless. Portions which have slumped 
along fractures parallel to the faces of the cliffs are sometimes 
taken at first sight for normal faults of tectonic origin. 

The lOW-lying fiat aTellS are not always developed out of non­
resistant rocks. They are often only the places recently un­
covered by retreat of higher e'lcarpments. 'Vhen a number of 
escarpment-making rocks occur in the same section, the highest 



134 University of Te.ras Bulletin 

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. 

St1'11ctUTG and Physio[JTapllY Produced by the Latest 
Deformation 

All the physiographic and structural subdivisions of the re­
gion, with the exception of the Marathon erosional 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 Mountains to the Big Bend 
of the Rio Grande. 

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

5. The Trans-Pecos Plains east of the Marathon Dome and Sierra 
del Carmen, gently folded near the mountains on the west and with 
gentle eastward and southeastward monocIinal 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. 

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

The l Toyah Basin 

Thl' Toyah Basin, as named hy R. T. Hill, comprises a broad 
hasin-like area in northeastern 'erans-Pecos 'l'exas and south­
eastern New :Mexico. Its natnral boundary on the northeast 
is the southwestern erosion escarpmrnt of the Llano Bstacado, 
running parillld with and a short distnnce east oI, the course 
of the Pecos River. On the west it is bounded by the Delaware 
and Guadalupe Mountains, on the southwest by the Davis nncl 
Bm'illa mOlmtaim, ilnc1 on the south hy the Comanchean rocks 
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of the Trans-Pecos Plaim; (Stockton Plateau of Hill). '1'11e 
greater part of its broad :fiat surface is covered with an un­
consolidated or calichc-cemcnted mantle of Quaternary alluvial 
debris derived from the erosion of the mountain bounding it on 
the wcst and southwest. It is underlain for the most part by 
Permian clays, limestones, sandstones, salt and g'ypsum, covered 
locally by outliers of Washita Comanchean. In the southwcst 
portion the Comanchean rocks are found in greater amount 
and it is probable that some Upper Cretaceous rocks Ul'e also 
present, for instance, northwest of Toyahvale. 

The Toyah Basin appears to be mainly a physiographic and 
not a structural basin. It is really tbr Routhwest portion of the 
great Jjlano[1jstacado geosyncline and is monoclinal in structure 
with a general dip eastwardly tow'ards thc Pecos River. Along 
its western and southwestel'n margins are a number of low folds, 
with i.1lcir axes parallel to the axcs of thc mountains. A num­
ber of these folds which have been stripped of their former 
covering of lava occur in the country around Toyahv·ale, north­
east of the Davis and Barilla mountains. Anothcr was noted 
just east of where Limpia crcck crossed thc farthest eastward 
extension of the Davis Monnt1ain lava :fiow. Another runs in a 
general eastward direction from mile-post 925 of thc Kansas 
City, Mexico and Oripnt Railroad. 'I'he last two allticlil1('s may 
possibly have been form cd by the late Cretaceous deformation. 

The Toyah Basin has been formed by the erosion of the lit­
tle ]'esistant Permian und Washita Comanchean rocks, effecLin'-l' 
a local base-level along the Pecos and its tributaries. The re­
sistant Edwards-Georgetown limestonc is rcached by the down­
cutting of the Pecos Rivcl',ut a point ncar the Pecos-Ten'pl! 
county line and the inhibition of er08ion by this resistallt foJ'ttl­
ation, by chceking the rate of down-(mtting, has allOWed th(' 
formation oj' a local base-level above this point. 

It is as yet impossible to say whether or not any anticlinal 
fold oj' domieal struetUI'C crosscs the COllrsc of the lower Peco..: 
betwcen the points WllC]'e it is crossed hy the Nam:as City, Mcx­
ico and Orient :md the Southcrn Pacifie railroads. .I n thc vi­
cinity of Sheff.ield,Peeos County, and of the Orient Railroad 
bridge the Comanehean appears to be very neady horizontal. 



136 UnivM'sity of Texas Bulletin 

So faT 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 lathwart of the Pecos in this 
region during the latest deformation would have undoubtedly 
aided in the formation of the Toyah Basin. 

'1'hc Balconcs faulting has almost certainly aided in the form­
ation of the Toyah Basin and the canyon of the lower Pecos, 
'as it has in the formation of the canyon of the Rio Grande 
between the mouths of San Francisco Oreek 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 extremely tor­
tuous and deeply intrenched. Now, however resistant the 
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 tbest; deep, narrow, and tortuous canyons to 
have pel'sisi'.3d throu~hollt most of the Oenozoic. Hence, one is 
practically l'orced to (~onclude that at least that mnch of the Bal­
cones faulting as is responsible for the present Balcones esearp­
ment must have oeeul'l'ed near the end of the Tel'ti'ary and that 
the canyons have bcen cut since that date. 

The downihrown portion of the Balcones fault is the south­
ern block, mainly of Upper Orciaceous and Tertiary rocks. 
There are three possible movements causing the faulting: (1) 
the southern block settled downwards; (2) the northern block 
rose; (3) the southern block moved down ward simultaneously 
as the northern block moved upwards. Anyone of these move­
ments would explain the formation of the canyons of the Rio 
Grande, p(oCOS and Devil '8 rivers. 

The next question is whether the canyons were developed by 
headward erosion of streams which 'Came into existence after 
the faulting or by antecedent streams the courses of which were 
in existence before the faulting. If the streams were 'antecp-dent 
and the northern or upthrown block actually rose in altitude, 
the canyons cut 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 is in this case. Streams coming 
into existence after the faulting and gradually extending their 
courses by headward erosion into an uplifted northern upthrown 
block would behave as antecedent streams in the last-mentioned 
case. But the intrenched meander-like canyons would not de­
yelop uy normal headward erosion in a valley cut out of rock 
of homogeneous resistance. Furthermore, the lower canyon por­
tions seem to have reached no greater st.age 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 is much 
broader, much shallower, and at fhst sight looks much older, 
than the lower canyon valley. But. the older appearanc~e of 
the upper valley may be deceptive. In the first place, it is cut 
out of less resistant Comanchean rocks of probably later age 
than the Edwards. And in the second place the down-cut.ting 
or the valley lower down is inhibited by the superior resistance of 
the Ed,;vards where the stream crosses that formation, permit­
ting more side-cutting and less down-cutting above the resistant 
banic]' 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 eseape the eonclusion, furthermore, that the 
Rio Grande is a very old river. Its upper eour-se in southern 
Colorado seems to have existed as long ago as the Eoeene and 
either the Rio Grande or a stream oeeupying nearly the same 
course was supplying sediments to the Rio Grande embayment 
throughout the Cenozoic. If one aeeepts as antecedent the 
course of the Rio Grande between the mouths of San Franciseo 
Creek, and the Devil's River, it looks extremely probable that 
the lower ca~yon 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. 

'Ve will now return to the question of the origin of the Toyah 
Basin, If the originnl Gulfward dip of the Comanc'hean of the 
southeastern Trans-Pecos Plains and the western Bdwards 
Plateau was lessened in aIIlount by an upward movement of the 
north block of the Balcones fault, it is probable that the greatest 
amount of upward movement occurred in juxtaposition with the 
fault plane at the southe.rn margin of the n.orthern block and 
that the amount of movement somewhat gradually decreased 
toward the north. The river, confronte.d with a gradual rising 
of the country to the southward by movements of the Balcones 
faulting, would be forced to expend 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 not much progress could be made in 
lowering the barrier in its path beginning where it first entered 
the resistant Edwards. As long as that barrier 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 'royah Basin. 
If the lower Pecos is antecedent, the development of the 'royah 
Basin by erosion would have taken place before, during, and 
after the Balcones faulting. Bnt 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 ceased until the headwaters of the llewly­
formed stream had reached back and entered the Toynh Basin. 

\IV e as yet kno w nothing of the age of the sediments forming 
the southern portion of the Llano Estacado. ,Ve do know they 
were deposited by streams flowing eastwards from the COJ'(lil­
le1'l1s, probabJy in later Cenozoic times. And we know that when 
the }ljo(~ene, Pliocene and Pleistocene sediments of the northern 
JJlanoF}stacado were deposited, by streams flowing eastward 
from the Cordilleras, the middle Peros in its course through 
southeastern New Mexico could not have been in existence.'x, 

*Geology and Underground waters of the Northern Llano :mstacado, 
by C. L. Balwr, Bull. Univ. of Tex., 1915, No. 57. 
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'1.'he alluvial debris covering most of ihe surface of the Toyah 
Basin, 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 rrrans-Pecos Cordillera. Erosio~l of the 
lower portion of the Pecos Valley may have been taking place 
when the alluvial debris was being laid down on the western 
and higher portions eontiguous to the mountains. But if the 
deposits of older alluvial debris of the Toyah Basin were 'con­
temporaneous with those of the southern Llano Estacado the 
Pecos River of northern rrrans-Pecos Texas had not yet come 
into existence. It is of course possible that the lower canyon 
portion of the Pecos HiveI' was the entire course of the river at 
the time of the Baleones faulting-that is, was antecedent to 
that faulting-and that in only comparatively recent years, by 
head ward 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. 'rhe writer will', however, 
state his pel'sonal opinion that the canyon course of the Rio 
Grande between the mouths of the San :B'rancisco 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 Balcones escarpment; and that the Balcones 
faulting llrodueing 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 'rexas. 
It is almost absolutely certain that much smaller streams than 
the Pecos, Hio Grande and Devil's River-in fact, tributaries 
of the Hio Grande and Pecos-did preserve their ante-cedent 
C011rso at this time across whole mountain ranges uplifted 
athwart their paths. These will be deHcribed in the sequel. And 
the physiographic development of the Pecos, Rio Grande and 
Devil's River canyons is the same as of these almost certainly 
antecedent c:myons crossing the Front 11,ange and, ill fact, they 
have been developed in tIle same rocks. 

'l'he Dela1.care-O~ladal1ipe Dome (Southern End) 

The long axis of the Delaware-Guadalupe dome trends in gen­
eral from 100 to 2()O "lVeRt of 11orih. Most of thi,~ mountain mass 
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appears to be a gently eastward-dipping monocline.* 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, faUs within the scope of this paper. 

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

South or Kent Station the strike in the 'Vashita Comanchean 
beds changes to northeust and there is a syncline with north­
east axis running- at l'ight angles to the Front Range folding in 
this vicinity. '1'his cross-fold may be taken as the southeast 
comer of the nearly square-ended southern limb of the Dela­
ware-Guadalupe dome. At the northeast end of the cross-fold 
and just south and east of Tatum's ranch is an aren of probably 
intrusive igneous rock. This lies about six miles south of south­
west of San Martine section-house. In the vicinity of San Mar­
tine the Was'hita Comanchean rocks are 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 is a low syncline 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. S. Geological Survey, 1914, p. 7. 
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syncline is a small outcrop of igneous rock. Two miles south the 
Washita Comanchean dips go 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 (lUesta of the Wash­
ita, mark the southeast and the southwest corners of the broad, 
almost square-ended Delaware-Guadalupe dome. Gently faMed 
Washita Comanchean beds with jJwir longer axes northwest­
southeast, fiank, on both east and west, the fiat which is proba­
bly underlain by Benton between the northel'n lava escarpment 
of the Davis Mountains and the Washita cuesta south of Kent 
and Boracho. 

Lava-covered A1'ea of Davis ancl Barilla Mmmiains 

rrhe Davis and Barilla mountains as far south as the latitude 
of Fort Davis, are a part of the Front Range of the Cordillera. 
r1'he lava-covered areas south of Fort Davis, in the country from 
east 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 I{ango and west of tho Sierra del Carmon all belong to t110 
great synclinal area lying westward of the Cordilleran Front 
Range and extending from central New Mexico southward to 
beyond the Big Bend of the Rio Grande. This great synclinal 
a,rca of lava extends westward as far as the Van Horn, Tierra 
Vieja, and Chinati mountains. The lava area once extended 
east of its present limits in the Davis and Barilla mountains but 
has there been removed by the erosion of Cenozoic time. 

The backbone or summit ridge of the Davis Mountains 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 ];-'ort Davis, northwestward to Sawtooth Mountain is a 
broad low anticline with major axis running northwest-south­
east. In all probability at the dose of the volcanic epoch the 
intrusive porphyritic syenite of the Sawtooth Range marked a 
line of volcanoes or of fissure eruptions. The latest deformation 
appears to have followed the lines of the last Cretaceous defor­
mation and of the later volcanoes of the Sawtooth Range. 
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A broad synclinal area lies between Sawtooth Mountain and 
the northern lava escarpment of the Davis Mountains. This is 
marked by u broad basin south of the canyon portion of Adobe 
Canyon. The northern escarpment of lava from Gomez Peak 
westward to Boracho Peak is a gently south-southwestward-dip­
ping cuesta on the south flank of the Delaware-Guadalupe dome. 
'1'0 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 southeastward through the summit of Star Mountain, 
crossing Limpia Canyon about three miles south of T,impia post­
office and to the southeastward crossing Horsethief Canyon near 
its mouth. This anticline is suceeeded on the cast by a syncline 
which runs parallel with it and from two to four miles distant 
from it. The trOU!,l'11 of this syncline is covered with lava be­
tween Phantom T,ake and the months of Cherry and Madera 
canyons. The lava begins on the southeast of the San Augus­
tine ranch and forms the trough of the syncline as far as the 
divide between Limpia Canyon and Toyah Creek. The head­
waters of Toyah Creek between the Davis and Barilla moun­
tains and Limpia canyon from the divide separating it from 
Toyah Creek cast-southeastward as far as the original McCutch­
in ranch are synclinal valleys in the trough of this syncline. 
This syncline is the orographic valley whi'ch separates the Davis 
from the Barilla mountains. 

'['he lava flows forming this syncline 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 antieline runs through the center Ot 
the Barilla Mountains, where the lavas arc underlain by Nio­
brara and Pierre. SOl1th~'est of the main Barilla Mountains 
antil'line lie another syncline and anticline and another syncline 
lies southeast from Toyahvale and northeast of the main anti­
clinp. The folds continue for an unknown distc1llec and gradu­
ally die out in intensity northeast of the Barilla Mountains. 

'fhe 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 probaply as an originally consequent stream. In 
its middle course it fio,vs through a broad synclinal basin. Its 
lower course is a canyon cut through the southward-dipping 
cuesta which bounds the Davis Mountains on the north. Oherry 
Canyon has a broader and shallower valley in the middle and 
upper portions of its course but euts a steep and deep canyon 
lower down through thc southwestward-dipping cuesta south of 
the mouth of the canyon at Dummn's Ranch. Madera Oanyon 
is steep, narrow and deep in its middle and lower portions, but 
steeper, decper and narrower a couple of mjIes above Kingston's 
Ranch; being there 2,000 feet in depth. Its valley is both shal­
lower and broader in its headwaters portion, north of Baldy 
01' I~i vprmore Peak. 

It is most likely that Adobe, Oherry and Madera Oanyons 
developed as conseqnent streams on the lava surface after the 
ecssation of the volcanic activity. The S,1\vtooth Range appears 
to haw been the site of most of the old volcanoes or lava fissures 
in the western portion of the Davis Mountains and hence th~ 
ol'iginal lava surface probably sloped downwards away from 
the Sawtooth Mountains, which by volcanic accumulation formed 
the original divide. 

Limpia Oanyon cni" entirely across the Davis Mountains and 
flows in a northeasterly direction from its head until, at a point 
about two mile'S 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
office there is a narrows in Limpia Oanyon known as Wild Rose 
Oanyon. One and a half miles below 'Vild Rose Oanyon the 
valley widens considerably in the poorly resistant Pierre shale 
whi~h has there been stripped of iis lava covering. As one goes 
upstream from 'Vild Rose Oanyon toward Fort Davis the valle,y 
both widens and shallows. Southwest of Fort Davis the head 
of the Limpia valley lies in a ftattish basin from eight to ten 
milcA broad. This broad basin extends as far south as the 
northtrn foot of tIle Pnertacitas Mountains. The west fork of 
the Limpia entering the main stream about two miles below 
Fort Davis heads on the eastern slopes of Baldy or Livermore 
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Peak, which peak, as we have already seen, is the highest sum­
mit and the main orographic divide of the Davis Mountains. 
The vaDey of the head of the west. fork is in the same stage of 
topographic development. as the heads of Adobe and Madera 
Ctmyons. Southeast of Fort Davis at a distance of three i.o 
four miles there runs a very broad and shallow tributary val­
ley parallel to the TJimpia Canyon at JTort Davis. It is Lhe head 
of this tributary which extends farthest south of all the streams 
in the Limpia drainage area. 'I'he two eastern tributaries of 
this tributary suggest a drainage reversal for their headwai.ers 
and for most of their courses run slightly south. of wost, instoad 
of northwestward as we would expect if thoy had been origi­
nally developed as tributaries of a northoastward-flowing 
streaml. The divid(~ between tho eastorn tribui.ary of the Lim­
pia heading farthest south and the southward-flovving Alami1a 
Creek is both low and broad. The suggestion seoms at least 
pertinent that a1 a former time this eastern tributary drained to 
the south into Alamita Creek hut was lator captured by TJimpia 
Canyon. '1'his possible stream capture may have been aidod 
by an upwarp during the latest delot'mation at the site of the 
prosent Alamita-JJirnpia divide. 

Musquiz Canyon, now foHowe<l by the Alpine-Fort Davis 
road, may also have undergone a rocent change of drainage. 
Musquiz Canyon heads on the northeastern flanks 01 thePucr­
tacitas Mountains and flows for throe-fourths of its courso 
in a Ilol'th~;astedy direcl.ion and then abruptly turns at more 
than a right angle to a southoastward course. At the point 
of the abrupt tarn a southeastwardly-flowing tributary also ent­
ers l\Ilusquiz Canyon. Between this tributary and the next 
eastorn 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 northoastwardly flowing IIorse­
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 othor drainage 
course in tIle Musquiz drainage area. Altogether it; seems 
likely that the lower portion of M'nsquiz Canyon hm; 'captured 
and diverted to itself the former headwaters of a north("ast-
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ward-flowing stream the lower course of which is the present 
Horsethief Canyon. 

'rhe high sharp peaks rising above the general surfane of the 
lava-covered area, such as the Sawtooth Range, Puertacitas 
Mountains, Mitre Peak, Twin Mountains, Paisano Peak, Cathe­
dral Monntain, Cienega Mountain, Goat Mountain and Ele­
phant Mountain, may bc all old volnanic pIngs or thcy may be 
remnants of a higher lava flow which once cover-ed the region. 
Their summits now rangc in altitudc 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 Wf[S not able to visit any of these peaks 
to determine whether they were volcanic plugs, the sites of old 
volcanoes, or remnants of higher, once more extensive, lava 
flows. So the question must be left open for future investigation. 
If they are the sites of old volnanoes from whinh 'came the lavas 
and tuffs of the lower country, it seems probable that most of 
thc present dl'ainage, with the possible exeeptiolll': noted above, 
was Ol'iginHlly conseqnent to the land surface at the end of the 
volcanic epoch. 

But whether originally consequent OJ' not, it is practically 
certain that Ac1obe, Cherry, Madera and Limpia canyons, and 
perhaps some others, are antecedent to the gentle folding' of the 
lava-novered area dur'ing the last deformation. For they cross 
the folds at right angles, 1IPithe,r they nor their tributaries show 
any important amount of adjustment to the latest strueturcs, 
and vyhen tllPy eross the :mtielines their valleys are in all re­
spects physio!!'l'aphicalJ~T younger and deeper than in the syn­
clines. The shorter streams dissecting the edges of the bound­
ing lava esea 1 pmellts are probably not consecluent, but extended 
strealll~, gradually kIlf2;thcll1ng' their courses by headwal'd ero­
sion; and in some CaRI'N, Hided by gl'(~atpr gmdi(mt, dc~tilled to 
captul'P older eonscClllent or anil'epdpnt streams. 

The basin 110l'111 01 Alpine, known generally as the Alpine 
Vallcy, has a lower aHltl1l1e than the flat west o[ Pals:mo Pass 
\\"hieh seems held up as n lonnl lJaKe-lewl by a l'eKist.ant lava flow 
croi-lsed by A lam ita Ct'eek a hout t.welve miles :,;onth of lVfn1'l'a. 
Aided hy their gl'cntet' gl'ndi('Jll, Bal'illas Creek and the stl'eam 
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flowing northeastward from Paisano Pass, both tributaries of 
the Alpine Vall('y, have been able to 'Cut back to the western 
limit of the higher lava-covel'ed region between Alpine and 
Paisano Pass. 

The M amthon Dome 

The Marathon dome is an unsymmetrical structure with gentle 
outward dips on the north, eust 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 has been a minor amount of 
ovel'thrnsting. Orographieally, th(' Mt. Ord and Santiago 
ranges, which are strueturally one range, make up a portion 
of the present Cordilleran Front Range. A broad erosion basin 
has been cut through the summit of the Marathon dome. 

The Glass M01lntains form the northern and llorthwestern 
flanks of the Marathon dome and form a compound erosion cues­
ta, the southward and southeastward escarpment of which 
forms the north and northwest houndary of the Marathon 
Basin. The GlaRs Mountains may be 'considered to end on the 
east at Gap Tank, twenty-six miles northeast of the town of 
Marathon, where a. low erosion gap forming the divide between 
the Pecos and Rio Grande drainages is followed by the Mara­
tllOll-Fort Stockton road. StrllCturally, however, the range 
continues a few miles fa1'th('r east to beyond the Purington 
ranch. The west end of the Glass Mountains 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. Structurally, the Glass Mountains are continuous 
with the northern Mt. Ord Range, beginning at Altuda Moun­
tain. North of the porphyritic syenite mass of Iron Mountain, 
eight miles north of lVIarathon, 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. '1'he 
main summits and southern and southeastern escarpments of 
the Glass Mountains are formed of Permo-Carboniferous and 
possibly early Permian rocks, in all about 8,000 feet ill thielmess 
and mainly limestone. At the east in the vicinity of Gap Tank, 
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Comanchean rocks cover the summits and the upper Pennsyl­
vanian Gaptank formation outCl'0PS at the base of the escarp­
ment. Much of the nOl'thel'l1 slope of the cuesta is covered with 
Comanchcan 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 L,eonard 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 
has developed, draining southeastwards through deep and nar­
row gaps across the lower cuesta. Dugout Creek, possibly an­
tecedent to the last dcformation, has excavated a broad valley 
floored with a thin covering of alluvium through the lmyor 
'cuesta in the vicinity 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 escarpments. 
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 monoclinal slopes of the range are conse­
quent ones, running down the dip. They drain through the 
northern Trans-PecoR Plains to the Pecos River. Theil' tribu­
taries are adjusted valleys parallel to the strike. The two low­
est gaps across the range cast of the valley of tbe Dugout are 
formed by low divides between Pecos and Rio Grande drainages. 
One of tllese 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. 01'a Range 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.' '1'he dips 
are rather gentle at the north. Between Altuda Mountain and 
Mt. Orcl two domes are developed, the northern one by a lac­
colithic intrusion about five mill~s west of Altuda seetion-house, 
and another, two miles south of the first, which may be caused 
by an underlying' laccolith. About three miles south of the 
southern dome the axis svvings 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 
vertieal on the crest of tbe antidine but flatten rapidly on the 
flanks. Six miles south of the point of turning' of the axis to the 
south the dips along the erest 10'cally beeome quite gentle, 8° on 
the west flank and 5° on the east. Five miles south where the 
range is crossed by the Doubtful Canyon of Maravillas Creek, 
the strata on the erest arc vertical or even overturned toward 
the west, but a mile west of the crest the westward dip is only 
8°. From five miles north of Del Norte Gap to Del Norte Gap, 
the anticline is paralleled on the west by a monoeline 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 i'.ide and nortbward bceomcs vcrtillal and even overturned. 
A t the mouth 0 r Doubtful Canyon the strata dip gently west­
ward but about one mile norih of Doubtful Canyon on the east 
slopes of the range, siraia oj' I<JdwardR-Gcorgetown a.ge are 
turncd vertical against ihc gently dipping' westward monocline. 
NOl'th of here the ot'ographi(~ summit is again a simple mono­
cline, and the crest of the fold originally pass'Sec1 cast or the 
present ranr.!,'e ercst, and has been rcmovcd by erosion. Between 
Doubtful Canyon and the point where the monoclill(" passes to 
the cast frollt. of the prcspnt range, the orographie erest iR lower 
than to the north and south. Donbtlnl Canyon is almost l~cr­

tainl~T anteeel1cn1, thongh fed by adjnster1 tl'ibu1aries parallel 
with the s1r·ike. 'I'he lava cuesta extending from Strobel siding 
southward through 1VIi. Orcl to Elephant Mountain lies on the 
WCl.{l Hank of the Mt. Orc1 Hauge proper and clips w('stwat'<1 to­
wards the great synelinal area west of the Cordillenm Frlllll 

Range. 
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From the laccolithic intrusion sOllth-southeastward to five 
miles southwest of Lenox, a syncline runs parallel with tIl(' anti­
cline at a distance of about two miles to the east. SouUlIvest 
of Lenox five or six miles, this syncline is met at right angles 
by the northwestward-dipping lower cuesta of the Glass ~'foun­
tains. 

The Santiago Range (Plate Va and VI) begins at Del Norte 
Gap and extends sOllthmst ward to beyond Dog Cflnyon. I'he 
anticline of the Mt. Ord Range continues southward into the 
Santiago Range as the main structure responsible for tIll! pres­
ent ol'ogrflphy of the latter range. Just as in the ~'ft. Ord 
Range, so in the Santiago Range, from its no1'tl1er11 end enl far 
south as its summit peak, the axis of the mflin anticlill( lies 
east of the llorthem;;tem f(]ot of the range; the Uomanrhean 
rocks onc(" covering the flxis of th(~ fold having h(lCn rmlOved 
by later erosion. The anticlinal flxis fonnH the orographie snlll­
mit ridge only bctwerm the highest summit find fI point two an(1 
a half miles northeast of P(~l'simmon Gflp and farther Honthcast 
in the vicinity of Dog Canyon. '['he stl'ucinral trend of 1he 
northern end is first southeastwal'd for three find one half milCH 
anl1 then turns sOl1th to a point northeast of Santiago Peak find 
then again trends sOllih("~mtward to Dog Canyon, with, however, 
an abrupt offset to the southwest northeast 01 the highest snm­
mit. South of Dog Canyon the trend again swings to ilw south 
an(l the range ends by a dying out of the folding three miles 
soutl1 of Dog Canyon. 

The summit ridge begins 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 Bdwardq-Georgetown is entirely faulted out. 'rhe 
fanlt plane dips ahout 6;')° in a N 65° B direction, being there­
fore of the overthrust type. For the first two find 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, whieh 
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lies east of the fault, is occupied 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 defo],­
mation. East of the anticl1nal valley is an outlier of Ooman­
chean folded into a rath("r gentle syncline, and with two sman 
faults on its northeast and north sides, northeast of thc synclinal 
axis. Northeast of Santiago Peak the dips on the weRt 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 
base of the Santiago Range. At Del Norte Gap at the cast base 
of the range, the strata are overturned to the westward, and 
from Del Norte Gap north the ov(~rthrust fault lies cast of thl' 
present east base of the southern lVIt. Ord Range. 

Northe:1st of Santiago Peak the trace of the overthrust fau1t 
becomes S-shaped in ground plan and from east of Santiag'o 
Peak southeastward to the broad fe-entrant valley heading on 
the southeast slopes of the summit peak of the range is a rc­
marlmble straight and un dissected scarp. At the northwest en,l 
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 southwestwal'd monocline, the dip decreasing 
to 20° one-half mile northeast of the re-entrant valley. This 
straight scarp is pl'obably the recently uncovered plane of the 
overthrust fault. It canllot be a "block" fault scarp of the 
Great Basin type for at its northeastern foot the Paleozoic rocks 
are exposed, striking southwestward in either vertical position 
or steeply dipping sonthem;;tward. 

At tll ere-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. 'Che re­
entrant canyon occnpies the axis of the anticline along its south­
westward trend. On the highest summit of the range, the anti­
clino again becomes overtuI'lled to the southwest and reJ?ains 
overturned in most places from there southeast to near the' 
south end of the range beyond Dog Oanyon. }1'rom an unknown 
distance lJOrthwcst of Persimmon Gap southeast to near Dog 
Oanyon the s1ll11lnit of the anticline is marked by an overthl'ust 
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fault. At Persimmon Gap, the Tesnus formation is exposed 
alollg the anticlinal crest near the northeast base of the range. 
At Dog Oanyoll the overturned Edwards-Georgetown is over­
turned in a steeply-dipping recumbent fold (see Plate VI, No. 
18). 

At Persimrnon Gnp the Santia~~o Rangp formH a sharp and 
narrow anticline with an almost vertical upthrust fault on 
the west flank very close to the anti(~linal axis, which here trends 
N 80° VV. Southwest or PeL"simmon Gap the downthl'ow is to 
the southwest and Upper Oretaecons 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 
"j1'ront Range widens, with a long gentle eastwardly dip on the 
east flank and a vertical or nearly vertical dip on the steeper 
western face. At Pel'simmon Gap the Edwards-Georgetown is 
entirely faulted out, the lower Comanchean on the northeast 
lying in juxtaposition with the upper Oomanchean on the south­
west foot. Just south of Persimmon Gap the Front Range is 
less than a mile in width. Only the lower Oomanchean is ex­
posed from east of the Tesnus outcrop at Persimmon Gap to the 
Maravillas Oreek on the east. 

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 Oanyon a nearly vertical 
fanlt striking N 32° W separates igneous rock from Comanchean 
limestone on the west. About three miles n'orth of Persimmon 
Gap a block fault of 200 feet displacement begins a syncline 
in the Oomanchean east of the Front Range anticline. Near the 
junction of Oalamity Oreek with the Maravillas are a numher 
of outcrops of igneous rocks. 

Northeast of the major axis of the Santiago Range betwerll 
the summit peak and the south end of the range, two minor 
anticlines lie between the Santiago Range and Maravillas Oreek. 
These apparently rise on the south flanks of the Ma.rathon dome 
and are a 'Continuation of the general structural trends of the 
Sierra del Oarmen, although their axes are deflected to ~he south 
parallel with the main Santiago anticline south of Dog Oanyon. 

The crest of the Front Range from Ord Mountain southward 
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to beyond Dog Oanyon is nearly everywhere a narrow ridgc 0:' 

al'ete of Oomanchean limestone, But it is only in the southern 
Santiago Range from the summit peak southeastward 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 crcst lies west of the structural crest, 
either at the top of an erosion escarpment of a westward-dipping 
cuel'lta, or at the top of a steep, eastward-dipping cuesta of over­
turned beds. As the Edwards-Georgetown limestone beconH'H 
thicker Houthward tmmrd thc 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 Inw wind-gaps in the 
Front Range. 'rhey appear to have been sites of streams crOSH" 
ing the site of the preHcnt range when the latest deformation 
began, which were not able, for some unknown cause or causes, 
to maintain their courses during the uplift. Doubtful Oanyon 
and Dog Oanyon of Oalamity Oreek are apparently antecedent 
streams which were able to maintain their courses during the 
uplift. 

The eastern and southern flanks of the M'arathon 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 Oreek first enters the Oomanchean, there is a subsidiary 
anticline striking northwest-southeast and plunging southeast­
ward. The dip on the northeast flank is about 10° and on the 
southwest flank is more gentle. The axis of this anticline is 
occupied by a valley which drains to the San Francisco through 
a gap 'crossing the northeast flank. 

li'olds South of the lJIlamthon Basin and East of the Sierra del 
Ca1'men 

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 synclinal 

,basin running ,cast-southeast and west-northwest. In this basin 
are a number of sharp-peaked remnants of basic' intrusive rock, 
probably 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 crossing the Rio Grande just below the mouth 
of Maravillas Creek, on the north by the south ward-dipping 
flank of the Ma Tathon dome, and all the \,yest by the westwal'd­
overturned anticline of the Santiago Range. Nearly all, if not 
all, ·of this basin is crumpled into minor folds which app(;ar 
about its pel'iphery, but in the center the bedrock is concealed 
by a mantle of alluvium. This bedrock is, however, probably , 
Comanchean. 

The northeastern foot of the easternmost Carmen Range is 
bounded hy a normal fault with down throw on the northeast 
side, where in the structural valley, the Dol Rio ('I), capped by 
basalt, is exposed. The hasalt has been bot.h folded and faulted 
by the latest. deformation. '1'he northern limit of the basalt 
flow is about two miles sout.h of the lVIaravillas Creek, at a point 
shortly below its entrance into its canyon in the recently up­
lifted Fredericksburg-Washita. Between the northern end of 
t.he basalt aUll the Maravillas is a fault running approximately 
S 15° "\V with downthrow on t.he west siele and a displacement 
of about 100 feet. '1'his fault and the faults displacing the 
basalt west and southwest of its northern end have their down­
throws on the west side and the. individual blocks dip eastwards 
in a series of tilted slices. The downthrow and dip of these fault. 
blocks are Ollposite to those of the Sierra del Carmen, a short 
distance to the west or them. They lie on the western flanks of 
the anticline crossing the Rio Grande bet.ween t.he 111.ouths of 
lVIaravillas Creek and Reagan Canyon. 

The antieline just not.ed, which crosses the Rio Grande in t.he 
local widening of its canyon known as the Vegas, is t.he west­
ermnost of rour long', broad anticlines crossing the Rio Grande 
€ast of the Sierra del Carmen and west of the mout.h of San 
Francisco Creek. The easternmost of tliese crosses the ri vel' 
about one and one-half miles above the mout.h of the San Fran­
cisco in a long swell running S 6(}O_65° E with the steeper dip on 
the northeast flank. The Rio Grande cut.s across t.his anti­
cline in a narrow and t.ortuons trench in t.he Fredericksburg­
Washita, fully 1,000 feet deep. (Frontispiece.) About four 
miles upstream another ant.icline, also with steeper dip on the 
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northeast. Cl'OSSPS the river. A third crosses the l'lver farther 
up and below the month of Reagan Canyon. rrhesc folds begin 
southeast of the Marathon dome and extend for an unknown 
distan(~e 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 the heavy J:i-'redericksburg-"i¥ashita limestone east of the 
Sierra del Carmen was apparently at least in part accomplished 
by a series of faults of very small displacement parallel to tho 
longer axes of the folds. 'These small fissures are filled with 
calcite veins, often colored reddish or blackish by iron oxides. 
Slickensiding is abundant on the fault planes. 

The local widening of the Rio Grande canyon in the Vegas, 
where the ,Ye8ternmost broad anticline 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 Fredericksburg-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 Fredericksburg-Washi­
ta; consequently, the Rio Grande Canyon is there everywhere 
a deep, narrow, and winding trench. 

The surfa('es of the folds are little dissected exeept whrrc 
crossed by the canyons of the mnjol' streams with their short 
triuutaries. It is a land surface of the top of the limestone 
here ('alled Fredericksburg-vVashiia, which is likely to be the 
top of the Buda, the Del Rio and Buda formations being per­
haps here inseparable on lJroad lithologic grounds from the Ed­
wards-Georgetown. In the synclinal depressions between the 
anticlines a formation of flaggy, arenaceous limestones weath­
ering yellowish-brown, with a thickness of 20 feet, overlain by 
80 feet of white chalky marls, and irregular-bedded knotty and 
marly limest.one, outcrops ill low buttes from fifty to one hun­
dred feet in height. This formation resembles lithologically 
the .EJaglc Ford (1f 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 Hio Grande crosses all of the 
folds at right angles to their major axes in vt'ry tortuous 
trencher-; a thousand or more f(~et ill depth (see fl'ontispiece). 
The ant.iclinal folds arc the broad, very liitle eroded, oro­
graphic ridges. The canyon on the lower Maravil1as begins 
shortly below the Miller Ranch as the westernmost oj' these folds 
begins to lift at its northwest end. '1'he lower San Franscico 
cuts a short canyon with intrenched meandel's-~the summit of 
the canyon walls being of Edwards-when it leaves the Pale­
zoic rocks of the Marathon bar-;in. The Comanchean rod~s there 
dip downstream ,yith a dip greater than the gradielJt or the 
creck so that a short distance below the valley shallows and wid­
ens whel'e it. runs t.hrough less resistant overlying Cretaceous 
rocks. A short distance below the Russell ranch the valley again 
cuts into the lower resistant. limestone, which has here becomo 
thicker, and then falls to the level of t.he Hio Grande in a s·rries 
of precipices interrupted by rock t.errace fiats of the more re­
sistant limestone layers. The t.op of the Frcdericksbmg-VV a[.,11-
ita forms a very pronounced terrace-bench one-hnlf mile wide 
at the junction of Maxon and San Francisco creeks. 

The Rio Grande canyon in the Vcgas (Plate VIlb) is about 
1250 feet deep, the lower 450 feet. being of less resistant linle· 
stone and mads of the pre-Edwards Comanchean. On top of 
the upper surface of the heavy ];1redericksburg-Washit.a lime­
stone, back from 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, consc­
quent.ly, probably antedat.e the latest deformation. If so, tne 
old erosion ~:urface seems to have reached the stage of middle 
old age. At the month of the San F'raneisco, the Hio GralHle 
has a narrow tortuous box canyon cut in F'redcricksbul'g-vVasb­
ita to a depth of at least 800 feet. At the bottom is barely spa('e 
for the river water to pass; at the top the canyon is not more 
than onc-fourth mile across from wall to wall. The south can­
yon wall is a sheer eliff of heavy-bedded limestone. These are 
typical conditions for all t.he canyons of the Rio Grande. 
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In the distance of a mile and one-half above the mouth 01 San 
Francisco Oreek, a downfold brings down the upper surface 
of the Fredericksburg-Washita a full 200 feet. 

The gierra Del Cannen 

The geneml trend of the Texas portion of the Sierra del Oar­
men is sOllth-southeast The northerll end of the range lies east 
of and in en echelon arrangement with tIle southern end of the 
Santiago Range, the two ranges being separated by a low, broad 
syncline of the F'redericksbtug-Washita. The backbone range 
of the Texas portion of the Sierra del Oarmen is the Sierra del 
Oaballo Muerto, which is the longest and highest of the indi­
vidual ranges and the one which extends farthest to the north­
west. The Sierra del Oarmen in 'I'exas consists of eight fault 
blocks of west-southwct-:tward-tilted Edwards-Georgetown lime­
stone downthrown to the east in a 8eries of step-faults. (Plate 
VI, Nos. 20 and 21, Plate Vb and Plate VIla). All these fanlt 
blocks are located on the east £lank of the great domical uplift, 
the west flank of which it-: a very sharp downfold into the broad 
synclinal area of the Ohit-:os country. ::' The latter is a portion 
of the great synclinal area west of the Oordilleran Front Range. 

The block or upthrust faults begin at the north in en echelon 
arrangement, the one at the cast base of the Sierra del Ga­
ballo Muerto (Dead Horse Range) being farthest to the north­
west, the next one to the east at the east base of the Sierra l.Jal'ga 
being next farthest northwest, and the second sU(J(Jeeding 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 Oreek above the canyon. 'j'he faults first run for 
about two miles in a S 50° E direction and then tUI'll more 
towards the south. 

In a direction S 30° E of the north summit (Sue Peaks, 5630 
feet) of the Sierra del Oaballo Muerto and across the Rio Grande 
in Ooahuila, 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 Oounty, 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 seen the top of a cOllr:iderably higher scarp. 'ehe strata 
in the first-mentioned are tilted either eaRterly or northeasterly 
and the downthrow is on the west side of the scarp. This scarp 
first makes a broad re-entrant gulf to the e3:0;t 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. East of the tilted block is a rather constricted 
synclinal area in which some sharp-peaked dark-reddish igneous 
masses outcrop. In the Coa1111ila 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 BoquilJos Canyon, where the Rio Grande 
crosses the Sierra del Caballo Muerto and where the river crosses 
Hubert Ridge in another canyon, the downthrow on the Coahuila 
side of the river is still to the east and the dip of the strata to 
the westward. 

In the Texas portion of the range the prevailing dip is wcst­
southwest with the rise in the strata accomplished by upthrusts 
or block faults 'with downthJ'ow to the cast-northeast. A short 
distanee south of the Rio Grande the faults change from the east 
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
clines, just as they do at the north end in 'rexas. So a clear 
eonception is aiforde(t of the essentially broad and elliptical 
domical nature of the Siena dd Cannen as a whole, the" struc­
tural high" of the dome, as far as knO""Yl1, coming a short dis­
tance south of the Rio Grande. North of this" structural high" 
the faults have their downthl'Ows Lo 1he east on the ea,st flank 
and south of it 10 the west on 1he west flank. On the higher 
part of the E:tructm'c, where the deformation was most intense, 
the very eompnienL, massive-lledded FJ'ederiekshurg-\Vashita 
limestOllO has yiel(led io the folding by fraetnrin9,', along the liJ1es 
of 'which g'l'caL upthl"Cl'st faults have heen formed. 

'rho two most striking physio~mfJhie features of the Sierra del 
Carmen are the remarkable straight, pl'ecipitons and searcely­
dissected fanlt searps (Plate VIla), and the anteeedent eanyons 
both of the Rio Grande (]'l'olltiNpieee and Plates Vb and VIIh) 
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and some of its tributaries across these scarps. 'J'hese tributary 
streams are mainly bccoming adjusted 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 after 
the faulting, however. The adjusted streams are prevented from 
reaching to the very bases of the fault scarps by the dehris ac­
cumulating there, of which the supply is too great to be removed 
by the streams as fast as it accumulates. Their tributaries for 
the most part flow west southwestwardly down the structural 
slopes, and are therefore consequent to the structure 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 Mountains west of the Sierra del 
Caballo Muerto, but a fine example of one of these delta-formed 
alluvial fans is found at the mouth of Heath Creek at the east 
foot of Hubert Ridge.* Along the adjusted drainage courses 
between the fault blocks are fine examples of alluvial t.erraces. 
The highest syst.em of alluvial terraces along lower Stillwell 
Creek and along the Rio Grande at. it.s mouth is 40 to 50 feet. 
high and a lower series is about 10 t.o 15 feet. high. 'rhe debris 
is oftrn cemented with caliche. The cutting of these terraces 
either marks more rapid stages in t.he down-cutting of t.he lime­
st.one barriers in the canyons, or stages of intermittency in up­
lift.. 

The consequent st.reams cut narrow V-sllaped valleys below 
the generally even surfaces of the top of t.he Frederickshnrg­
Washita which slope west-sout.hwestward toward t.he st.ruct.ural 
or adjusted drainages. Most of these surfaces arc st.ill even and 
undissected by erosion. Hence t.he topography is still in the 
stage of early youth. 

An antecedent valley crosses the fault 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 Mountains 'l'opographic Sheet of the U. S. Geological Survey. 
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miles south of the northern margin of the Chisos Mountains. 
(Topographic Sheet.) Heath Creek, which rises 'on the eastern 
slopes of Sue Peaks in the same structural valley as Ernst Val­
ley, crosses both the Sierra del Caballo Muerto and Hubert Ridge 
in antecedent canyons. 

Short hanging valleys of recent development hang over the 
walls of Boquillas Callyoll, not being able to excavate as fast as 
the more powerful percnnial Rio Grande. 'l'hese are very much 
shorter than the hanging valleys of the canyons between Reagan 
Canyon and the mouth of San Francisco, which are considered 
to be at least in part, valleys of the former erosion cycle. 

'l'he J}[ arathon }i}rosional Basin 

The present Marathon Basin occupies the site of a former 
broad arch covered by Comanchean rocks, which have been 
nearly altogethel' removed by later erosion which has exposed 
the closely folded Paleozoic rocks lying beneath the Cretaceous. 
The axes of folding in the Paleozoic roeks are directed at right 
angles to the axcs of the latest deformation.oJ(, 

'1'he three most conspicuous topographic features of the Mar­
athon basin are: (1) the long, jagged strike ridges of the 
Oaballos novaculite, (2) the area of lowland of the Pennsyl­
vanian formations in the synclinal areas, completely surrounding 
the Caballos novaculite ridges; and (3) the bounding C8carp­
ment of outwardly-dipping Comanchean or Permo-Carbonifer­
ous rocks encircling 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 escarpment of Comanchean rocks is everywhere, 
{lxcept in localities already noted in the Mt. Ord and Santiago 

"Udden, J. A. A Sketch of the Geol,ogy of the Chisos Country, Brew­
ster County, Texas. Bull. Univ. of Texas, No. 93, 1907, pp. 76-78, and 
87-89. 
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nmges, an escarpment of erosion. Portions of the Permo-Car­
boniferoLls limestone escal'pment of the Glass Mountains both 
cast and west of Iron Mountain much resemble fault scarps in 
their long, straight and steep fronts. An examination of struc­
ture and straLigraphy pl'oves that there me no faults here. 'I'he 
physlographic eviderwe is also fairly conclusive. The strike 
of the strata in the scarps is parallel with the direction of the 
scarps and at no place does the line of the escarpment front cut 
the strike () f the straia 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. 
1'he small gullies dissecting the scarp faces, although having 
very steep gradients becoming even vertical when hard layers 
al'e crossed, are not in any sense hanging valleys. They owe 
the ir eharaeteristics entirely to erosional features in roeks of dif­
ferential hardness. 'rhe scarp lying between Iron Mountain and 
the first lower hogbaek of the Permo-Carboniferous east of Iron 
Mount.ain is remarkably straight, steep, and even-eontoured, 
being for a eonsiderable distance not even disseeted by gullies. 
It has been cut in a rather thin-bedded, remarkably homogeneons 
limestone, apparently everywhere offering the same degree of 
resistance to erosion. The angle of the esearpment slope is too 
st.eep to permit the lodgmcnt. of coarse loose rock fragments. So 
only the finer rock material is afforded as tools for the water 
flowing rapidly down thc slopes in times of rainfall. As in 
all theso eu08tas the divide between the top of the escarpment. 
and the dip slopes is sharp and ric1gelike. On sneh an escarp­
ment slope as this there is uo chanee for deainage lines to de­
velop. 

On the eastern anc1northem':tern sides of the bn.Rin low winc1-
gaps in tlH~ Comanchcan l'oeks are the sitcs or divi([c~ hetween 
conseqm'nt drainage down the dip slopes and elrainag'C's forming 
emhaymcnts in thc scarp nnd tributnry to the stl'l'mml ,of the 
lyr arathon Basin. "Vi iII in the hl'lsrn tlw valleys a I'e g'elwrally 
broad and allllviat('cl ana the hills and (lividrs in thc leRs resist­
ant rod:-s are low, infreqllcnt, anel wcll-rounded. The lower 
slop('s of the hills, erosion cscarrmlcIltH ,mel valleys al'e mantled 
with alluvial (lebl'is, often ecrnC'ul<,c1 with caliche, espccially he-
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low a few inches beneath the surface, The alluvial debris is 
dissected inio benches and terraees along the main present drain­
age COUl'ses, At no place is the alluvial covoring of any consid­
(,l'able thickness, Occasionally low ridges aro formed by the 
Olltcl'ops of igneous sills and dikf'fl. Very often the drainage 
channols have cut inio th(~ underlYIug bed roek, although the 
valll'Y slopes are mantled wii h alluvium, The heads of both the 
San lj'nmci:.;co and M :lJ'avillas creoks aro broad alluviaied flats. 

On the ,veRi side of the hasin tho weRtern trihutaries of the 
Maravilla~ exhibit l'limilarity with thoso of the enclosed basin 
arcas of the (}rcat Basin. They head as canyom; or gullies in 

th~ Comancheau NWal'pment, exhibit :J sudden c1eerease in gl'a­

client \\'lwll they entCl' ihe dohris slop os at the escarpment hase, 
cut deep, sieepwal!('(l t.rpn(·bes with few lateral tributaries in the 
heLerO!2eneons mat.erials o[ tho dehris fans, and lower down 
S1)1 (ad out in hroad, almost im]wl'C'cptible channels in the finer 
llwlP)'iHls ])1:.\'011(1 the foot of the dckis slopps. 'rhey resemble 
in all I'e~peets ilw (1i'aillage {'h all ne ls (rossing t.he alluvial fans 
ill the Chisos ('o11nt1',V, 1':0 well (le.~cl'ibe(l by Udden~:' that anoLher' 

deS('l'iptiol1 is not. necessary he1'o. ITe1'O as well as in tho Ohi80s 
rOl1ntry ihey a1'e to be cxplained in ihe same way. Formation 
oj' lo('al baBe-levels is responsible for their cha1'aeterist.ic feat.-
111'OS. 

The brond flnt sonth oj' the Millcl' nlIlch and north of Bee 
Cave Trmk and Black CJ ap, crossed hy tbe road bet ween Mal'a­
illOn and the mouth of Stillwell canyon, is bounded by low allu­
vial benches 1l'Om tpn to twenty feet in height. The flat is from 
one io i hl'(,p milp::-; ill h I'eadth and (11'[[ins northward to t.he M ar­
avillat-L It lips in all Hl'e<1 of structural downfolc1ing. The 
b(,nches, Rome 01 which al'e fonn(l in tIle llliddle or the flat, are 
t'(,lllllalltS or a fOl'nwl' p]1(l('h of alluviation, since which time tho 
inJl('r fiat has h(>e11 (,l1t beneath ihei)' l(~vels. A numbel' of SUCll 

ibts a1'e r01\lld in oihol' poriiom of ihe basin. 
'1'11(' Mal'[[villas ClltS sho1'i gOI'!2('S at two IJlaces thl'Ongh the 

Caballos llovaclllite ridges neat' their western ends. The San 
Fl'ilIH'isco nlso !ClltS a gOt'go thrOll~h ihe Dimple limestone along 

'edden, J. A. Sketch of the Geology of t.he Chisos Country, Brew­
stp)' C()unty, Texas. Bull. Univ. of 1'f'XaR, No. 93, 1907. 
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the line of the Southern Pncinc between \Varwick and Haymond 
within ono and one-half miles of the south end of a syndine. 
Farther soutneal'lt it again cuts through the Dimple on the 
southeastern limb of the anticline jm:t southeast of the syncline. 
Sincc the tributaries of the Maravillas and San Francisco havc 
generally become adjusted i 0 the structurc and flow either in 
strike valleys or the axes or anticlines, it is most proballlr that 
those portions of the valleys of the two major drainages wllcre 
they cut gorgcs across the strike of the reHistant rocks arc Hllpe1'­
imposed. At a formel' time these streams ilm"\'ed on the Com­
anchean rocks andnpon cutting th1'0llgh them enconntered the 
most resistant Paleo;;oic rocks of different structnr'C lying nn­
conforrnahly benenth the Comallchean. "Vere the Mal'avillas 
and San Ji'l'aneisco eonsoqnont or entirely adjm:tod stream,>, 
their conrses would have passed around the ends of tlH'se ob­
structiOllH. But they are in roal ity ani enedellt-superilll p08(~d 
streams. 

Canoe-shaped anticlinal vallrys are developed ill the two l'mti­
dines exposing uppel' Oambrian east of Comb's ranch, and 
south of PefiR Colorado Creek. Thc 10ngiLlldinai valll'yt-; head 
Rt opposite ends of the elliptieal anticlines, flow towal'd cRch 
other, meet near the center, and drain toward the north throngh 
deep and nal'l'OW gaps in the resistant. Mara vi lIas chert. 1111e 
drainage basills are cut in the little resistant llppel' Cambrian 
much 'crumpled shalpe: and sandstoIlrs, l'irrll1H~d in OIl all sides 
by an elliptical ridge of lVIaravillas chert. 'I'he 1'131.','1011 exhibiiR, 
however, both uutielinal and synclinal valleys and ridges alilw, 
the iopognlphy of the Mat'aihon Bae:in area being thc ]'esnlt of 
fhe differential resistmwe to (')'osio11 of i he va]'iolls ]'ocks ont­
cl'oppillg', rather than catlRed directly by c1C£ormati vr p]'ocrRsrs. 

The long strike ridges oj' tilr CaballoB nova.cnlit(~ of the anti­
clinorial areas ha ve low stl'ep, jagged ontlines, lJal'e of' arho]'('al 
vegetation, Clot he tlwlIl with a thick fo],est covering anel the~' 

would present all the cliaracieri8tics of the Ouar-hita lYI'Ollll taim; 
of ArkRnsas and Oklahoma. But in thoi]' setting' mni<lst ihe 
grander feRtures of 'j']'am;-Pecos Texas they must 1)r regal d('([ 

as mouutain" in miniatl1Tc, reSllrTectr(l of late to a ll1m'e shallow 
of theil' oue tin1(' U;lol'Y by thr [Ol'tnitOllS circllmstanCl' of brine!, 
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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 or the Southel'll Pacific are four well-defined 
groups of the northeast-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 rcspeet, 
the Marathon Basin is a fairly well-watered portion of the 
Trans-Pecos desert. The complicated folded ::;tructures 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 Pena Colorado valley between the site of old Fort 
Pena and Comb's ranch house, in the headwaters valley of the 
San Francisco and between the northern Santiago Range and 
the Maravillas Creek, ground water of fairly good quality is 
found in the alluvial mantle. As the alluvium in these local ties 
is generally underlain by the 'l'esnus formation, it seems likely 
that frwctnre spaces, which arc quite abundant in the brittle 
sandstone in this formation, must be filled with ground water. 

Ordinarily there is no continuous stream running in the upper 
drainage course of either the Maravillas or the San v'rancisC'o. 
Water runs for short distances or stands in holes over bedrock 
surfaces or where the alluvial mantle is very thin. At other 
places it sinks into sands and gravels, appearing sometimes at 
the surface farther down stream where bedrock again rises to 
the surface of the cl1anne1. When these streams enter the Comall· 
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 conrses. 

The springs of the Marathon basin generally occur 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 junction of mantle and bedrock. The 
ground water at the outer periphery of the basin is 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 siage of erosion, is in physiographic unconformity 
wiih the 10vvel'-lying int,el'iol' of subdm,d relief, 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 
seen, persist in steep rugged escarpments under unchanging 
climatic conditions until near the end of the presen1 ",ycle 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-Ieyel now controlling the physiographic develop­
ment of the Marathon Basin is a local base-level, brought abont 
by the resistant Edwards-Georgetown limestone where it is 
crossed by the Rio Grande and all its tributaries, it is apparent 
that the present cycle of erosion will never be brought to auy­
thing like a completed stage. In fact, the testimony of the allu­
vial terraces in the Marathon basin and along the Rio GrandI' 
shows that a transitory series of suceessively lower and lower 
base-levels is being developed. Every important tributary dcsiTf­
age has its own local base-levels, while the development of thl: 
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 cut down its resistant rock barriers at a 
greater rate than any of its tributaries, which are relatively 
weak, especially in the matter of water snpply. 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 streams 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 uplift 
or ('hange of elimatc takes pIaee, the entire region will come 
under tbe influence of the final .. and lowest base-level of all, the 
surface of the water in the Gulf of Mexic(J), 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 cycle. 

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 advan6ed than any other portion 
of the Front Range region. This immediately raises the question 
whether the Marathon dome is not an older structure than those 
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 
including also both the Del Rio and Buda, reaches 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 struc­
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
Georgetown once capping the Marathon dome may have been 
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removed in the previous cycle 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. But at any rate it 
seems most probable that the doming most apparent today oc­
curred during the later deformation, for the Mt. 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 deposits 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 volcanics of 
late Cretaceous or very early Eocene 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 reaeh' 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 01 
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 awl 
faulted in the later deformations of the mountain ranges. 

Climatic conditions in the Great Basin of Nevada and Cali­
fornia are very comparable in kind with those of the ranges of 
Trans-Peeos 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 likely 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. .In 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 generally 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 laNa :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 same. I-1ence it appears to 
be a sound conclusion that the mountain ranges of both regions 
came into existence about the same time. 'vVe can definitely date 
the latest Great Basin deformation at about the end of the 
Pliocene, continuing 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 Eke the entire Cenozoic or even a 
large fraction of the Cenozok The fault scarps in the Sierra 
del Carmen are too little eroded to have persisted for a large 
fraction of Cenozoic time. And the anticlinal folds of the Davis 
Mountains 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 contains a large percentage 
of gravel which must have come 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 'l'exas the Reynosa equivalent of 
the Lafayette unconformably overlies Upper Pliocene Lagarto 
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 
'l'exas region, when a period of erosion was ended by the de­
position of the Lafayette 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 Oordilleran Front 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 Oonte, the Sierran. 

Explanation of Sh'uctttres Prod'UiGcd by Latest Dcformation. 

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 Oarmen and broad 
domical uplifts broken with upthrust or block faults on one o}! 
both flanks in the Delaware-Guadalupe mountains and the Sierra 
del Oarmen to overturned folds and overthrust faults in the Mt. 
Ord and Santiago ranges. Since the blook 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 Oarmen 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-Pecos Texas were 
I'\lso the surface rucks at the time the latest deformation began 
This is in itself an evidence of the relative recency of the 
deformation. It 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 011 three factors: (1) 
the strength of the deformative forces; (2) the resistance of the 
rock mass to the deformative forces; and (;)) the load of super­
incumbent 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 arc all eompetent and had no load Df super­
incumbent rocks at the time of the latest deformation. 'rhe 
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
tains were deformed in gentle anticlines and synclines. The de­
formation there was relatively gentle, as shown by the gentle 
nature of the folding and by the fact that the Oomanchean rocks 
there have been uplifted to lesser heights than in the other Front 
Ranges. 'rhe 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 faulting ~uch as 
took place in the Siena del Oarmen. 'rhe Delaware-Guadalupe 
dome can be conceived as a broad structure developing, because 
of a tangential thrust from the east, with steeper dips on its 
western flanks. 'rhe greater stretching of the competent Dela­
ware Mountain and Oapitan limestoncs 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 th,) 
upthrust fault would have passed into al~ overthrust and the 
Delaware Mountain and Oapitan strata would have been over­
thrust to the westward over the Salt Basin. Such overthrusting 
has actually OCCUlTed ~llOl1g the westel'l1 flanks of the Mt. Orc1 and 
Santiago ranges. In these ranges the Edwards-Georgetown lime­
;tone is less thick and consequently less competent than the same. 
stra1a in the Sierra del Oarmen or the lava flows in the Davis 
and Barilla mountain'!. Oonsequently the resistance to deforma-
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tion offeled 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. 'rhe broad domical structure of the 
range is unsymmetrical in that the southwestern flanks have 
the steeper dips. '1'he 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. vVhen once the breaks in the strata had been brought abom 
by the deformational stresses, it was comparatively easy for 
movements of displacement to take place along the lines of least 
j'esistance 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 
1'n toto an anticlinorium instead of the present domical struc­
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 east 
of the Carmen Range, the superficial rocks of which are of }i'red. 
ericksburg-Washita age and of competent nature, have been de­
formed inlo folds by a series of breaks of small diB!)!acoment 
running parallel to the longer axes. 'I'ho deformatilon there tin 
th€ cast flanks of the Front Range was Jess intense tlw'l fFll'lncr 
we~t in the main Front Range, and the surficial rocks yielded 
by the development of a f-1flries 0-[ very small step fanlt~. 

'1'he Cordilleran Front Range is essentially formed by three 
1 arge domes with greatest dips on the western and southwestern 
flanks. Named in order from north to south these are the Dela­
ware-Guadalupe, the Marathon, and the Sierra del Carmen 
domes, The greatest amount 0·£ uplift was at the north in the 
Guadalupe Mountains and increases northward in New ::\1exico. 
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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 
Davis, the Front Range structurally 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
cian. 

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 CabaJlos novacu­

lite. 
6 .. Erosion. 
7 .. Deposition of Tesnus, Dimple, and Haymond in early and 

middle Pennsylvanian time. 
S .. Hercynian epoch of diastrophism: formation of thE' Oua­

chitan mountain ranges of the Marathon basin in mid~Penn­
sylvanian time, accompanied and followed by ~l'(,dt Hosion. 

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

10 .. Erosion. 
11 .. Marine deposition of thick series of Permo-carboniferous 

strata interrupted by two epochs of erosion. 
12 .. Defoemation by gentle folding'. 
13 .. Long epoch of sub-aerial erosion during the first part of 

the Mesozoic. 
14 .. Gradual advance of Comanchean Cretaceous sea over the 

region from the south and marine depo~ition c0utirLuivg until at 
least Pierre Upper Cretaceous time. 

15 .. Folding and faulting in northern part of region, accom­
panied and followed by erosion. 

16 .. Outbreak of volcanic activity in late C~etaceous-early 

Eocene beginning with outflow of basalt, followed by rhyolite, 
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- anp _c011l.clucl.ed, :w.ith~!tiJ.'.aehb"te fl,U.d piho~olite. 

117 .. Long-_eontj,nrted,:sub~f1e!t'iaL erosion .durmg most or all of 
r.pWltia~y., til\rite. \ \ 

18,. I. Fori004tl9n of -the: pr.esent mQunt~Lin ranges by ,folding and 
\fa}llt~l}.gl :p.ear:, Of, at ,the;, C19S(f 0:1i ,;the rI'ediary. 

19, .. Wid~pr~d e;Jlo~ion, of Pl~istQcene and ltecent tim-e. 

/ 
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Plate la 

Ordovicia n-Ma r av illa:> formation at its typical locality in lVIaravillas Gap 

Plate lb 

Band'ed cherts in Rough Creek shale member of Tesnus formation. Type 
lo cality on Rough Creek 



Plate 2 

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



Plate 3 

4 

..s 

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



Plate 4a 

Elephant Mountain, a mesa of tl'achytic lava 

Plate 4b 

Southwest face of Iron Mountain showing we<Lthering of intrusive 
syellltc-pol'phYl y by exfol ation and along nearly 

vertical joint planes 



Plate 5a 

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

Plute 5b 

Rio Grande river entering a canyon ill westwardly-tilted fault block 
just -east of the mout h of Stillwell Canyon 
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Sketch structure sections across the Santiago Range and the 
Sierra del Carmen. The numbers give location 

on geologic map 



Plate 7a 

F'ault scarp of later Comanchean limestone forming east side of 
Siena Lal'ga, Siena del Carmen 

Plate 7b 

"Widening" of Rio Grande va.lley in the Vega.s, showing alluvial 
terraces. Bluff walls arc of later Comanchean 

limeston-es 



Plate Sa 

Caballos Mountain ridges of Caballos novaculite, looking south 
7 il degrees west 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 south'eastern part of the 
Marathon Basin. View looking north 20 degrees west from 

summit of Caballos Mountain directl,Y toward 
Altuda Mountain. The light colored 

outcrops are Caballos 
novaculite 
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