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INTRODUCTION

In the summer of 1930 an expedition from the Univer-
sity of Michigan under the leadership of Prof. Lewis B.
Kellum made a study of the geologic and biologic features
of the San Carlos Mountains of Tamaulipas, Mexico.

During the latter part of the summer tne writer had
the privilege.of making a detailed study of the eastern-
most range of these mountains known as the Sierra de Cruillas.
The féllowing paper is primarily a discussion of the geclogy
of this range. A brief description of the geography is
foilowed by a more detailed discussion of the sedimentary
and igneous rocks and of the structural relaetionships. The
few fossils found are/ also?fdescribed.'

. This Tange was chosen for detailed work because it is
a complete mountain unit separated from the mountains on the
wesﬁ by & north-south erosional and struqtural depression
and éurrounded on the north, south, and east sides by the

coastal plain from which it rises quite abruptly. Due to -

its position it is the key to the structure of the eastern
haif'of the San Carlos Mountains.  The surrouncing plains
ere pierced by many'volcanic plugs, and within the mouniain
area afe numerous intrusive.igneous massee with hypabyssal
chafaoters. Lastly, the area was sufficiently small %o per-
mit detailed study during the four weeks aveilable.

»ﬁ-.The writer's field studies were carried on from tem-

porary camps established at two places on opposite sides of



the range. One was at El Milagro on the western edge of
tne Sierra de Cruillas, the other near the sacred shrine
of the Vlrgen de Manserrata near the eastern border. A

gexican“boy was . employed to cook and look after camp;

3anotherinat1ve familiar with the range, acted as guide
aanﬁ iield assistant.

gRough country roads, difficultly passable for an auto-
mob;ie, skirt'the'margin of the Sierra in most parts.f From
Crﬁiiias a car can enter the valley on the western side of
‘uthe range as far as El Milagro, or may approach the north
:¥siae of the range south of Rinconade., East of the mountains

a north—south road from Cruillas to Jimenez passes within a

j3mlle of the Sierra. An automobile can get to La Laguna ranch

“‘from'thls main road..

",AW1th1n the Sierra there are no roads and few trails are

e%én;passable for pack animels. Only five real trails enter
ér‘%réss the mountains, though numerous cow paths an& stream
§héﬁpels and areas of thin underbrush/’make~ié poseible to.
iéééﬁlgll parts of the Sierra on foot. On the e&§tern side
6f.£he¥mountéins three trails radiate from the Virgen de,{. 
:Eansefrata; one to Cruillas, one to Rinconade, and the third
‘southeast.to Axroyo Mimbres, connecting with {he mmin road:
 éast-of the mountains, All of these are passable for ssddle
animals. On the western side,/two trails extend from El
Milagro across the mountains. OQOne of these 1éads northeast

to Rancho Rinéonadé, passing southeast of Loma Palmar and-




ﬁaggﬁnﬁing fhe canyon'of Arroyo Palmar to the east; the

_ ! .
other extends southeast across Savania del Lervaniz, then

vsouth to a tributary of Arroyo Agua Grande and east to La

v eria and La Laguna ranches outside the mountains,

4QA11 mapping was by pace and compass traverse. AS a

rule: the canyons were followed because there tne walking

xas less difficult, the rock exposures fresher, and the

;Lfrails leés»obstructed by underbrush. Canyon Himbres in
ﬁté lcwéf two miles is excellent for travel but the tribu-

: 5taries‘of this etream can be traversed only with great

'Vﬂifficulty owing to the accumulatlon of large limestone
:nlocks in the bed and the dense tangle of brush,.

: Due to the fact that only a few of the canyons had
been named by the natives it was found convenlent to refer

to them by the letters of the alphabet. The southeastern

ills in thls report are named Lomas del Sur. -ﬁames applied
to the iafgest topographic highs refer to groups of hiils of
péarly'the same height. These are related structurally and
bﬁyéioéraﬁhically. 

13f fhé topographic map of the Sierra de Cruillae as pre-
béfed‘by the Mexican survey is so inaccurate as 4o be worth-
lééé‘in4thé.field The outlines of the area were approxxmately
determlned by Prof. Kellum in 1926, At{this t:me‘he'maae
:several traverses into the interior and determined the general

relatiénship of this uplift to the folded region to the west

The writer's study of this range was supervised by Prof.




‘ ~ Kellum who spent considerable time with him in the field
- and made all arrangements for the native help ewmployed

_'aurlng the field work. Prof. E. H. Wetson spenbt a day

study;ng the igneous body on Lome Palmar, Other menmbers
Cof the expedition were helpful in collecting fossils, in
./}ta.k:s,n.g pictures, or in giving suggestions, | The writex is
':'nv_.also -indebted to Prof. Hunt for his assistance in the

ndetermlnatlon of the igneous rocks.
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GEOGRAPHY

. The San Carlos Mountains are situated in north-
55§§%éin Mexico slightly north of the center of the state
of Taﬁéﬁlip&s and aboutva hundred miles southwest of

érownsv11le Texas. They extend roughly‘eastwwest about

&or%y miles, The Gulf of Mexico is about forty miles to

‘ tha east and the Slerra Madre Orlental ebout twenty-five
‘miles}to the west. Tne.mountalns consist of several dis—
?-tincﬁ topographlc unlts ~of which the easternmost is named

| the Slerra de Grulllas from the tcwn of Cruillas lying

Culture
Cruillas is a typical, quiet, Mexican country town

with a population estimated to be about 1500. -Scattered

afgﬁnd Cruillas for several miles are nume rous cbrnfields
wb ch belong to the people in town. About a guarter of a

mlle to the west is a grove of oak trees Whlch shelters

steveralzwells Half a m11e to the south of town a 1arge

gearthen dam has‘been bullt ac*oss an arrcyo to catch the

nrunmofflafter heavy razns

on the west-central 51de of the Sierra de Cruillas in the

>valley which separates this range from the Sierra de Patado.
The people of Milagro make a livelihood by raising livestock

and by cultivating the few patches of soil in the valleys.

about three miles north of the nertheast edge of this range.

 E1 Mllagro 18 a v1llage of &bou‘ 100 pecople, situated

\J1






' : ».ere &re no people living in the Sierra de Cruillas

?Q?@r’ but several ranches are located in the plain or

'ﬁé

,?amigyg along itse margin, In the valley oif Milagro, one-

,%alf"mila south of the village, is Rancho Los Pinos. Three
;%1133 north of the village is Rancho Los Torres., In the
_plain about one mile south of the southeast corner of the
4;:né;318 Rgncho;La Laguna. West of the ranch buildings
 ;boﬁ§aha1f a mile is a pond, which covers several acres,

To the nmorth of the buildings a few hundred yards several
‘ ¥e1i§‘have been dug along a large arroyo. In the month of

: Seﬁiémbér; wﬁich was exceedingly dry, water was running in
Azhéiéfrdyo a few yards down stream from these wells. A mile

'diéiiof the northeast corner of the Sierra de Cruillas is

,tﬁg-sfock ranch of Rinconada. Here a large dam holds suf—

fi01eﬁt”ﬁater for many cattle during the summer months.
One very interesting work of men, located in the eastern

‘part‘of the range itself, is the sacred shrine of the Virgen

de Manserrata Here are the remains of a stone house and of

_a:wall surroundlng it. Nearby grow a number of large oak

~trees;;ﬁBeneath one of these trees is e cave formed by solu-~
'tlonlaibng a joint plane},'The steps leading down to the
floor of tne cave con31st of lzaestone ﬁE‘Tgﬁ upheld by the
roots of the oak. Tne cavzty ‘is not over ten feet in length
orﬂpelght, orvovervfour feet in width. 1Its walls are dark
frdi‘Candle smoke‘  From them and from the ceiling hang strips
 of white crepe paper. At the baqk on a shelf in the wall

about three feet from the floor is a brown doll not over two

e
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feet high and clothed with long white dresses. The Mexican

gulde interpreted this figure by one word "Dios",

Durlnv the summer hundreds of pecple vzent tbls shrine

moming“from places as distant as Matamoras. Usually sick-

xand young, on foot and on horseback, leave an offering both

innanc1al and symbolic, and then return home.,

climate
The San Carlos Mountain region is quite arid, The

acllmate is hot and tropiczal. Théwrainy season comes during

the'w1nter months with maximum pr801p1tatien Ln Septembcr
Occasionally cold winds from the north bring snow to the

Imoﬁﬁ%éins Fortunately for the expedltion thla year was
"exceﬁtlonal in that most of the rain fell in June and only
:few ghowers occurred aurlng the remalnder of the Summer,

The run—off is unhlndered in the uplands where the 3011 and

grass are scant but on reacnlng the pl&zn the torrentlal
waters are soon absorbea by the dry, llmy sall an& thenV)”h

evaporated by the hot dry air thereby producing a haze

whlch was present at nearly allrtlmesvduxing the summer,

- Nature of the Fauna and Flore

The type of vegetation in the Sierra de Cruilias is
thical of a dry, subtropical region. The distribution of
the varied flora is influenced by the nature of the soil,

“which in turn is determined largely by the character of the

58;18 the incentive for the pilgrimage. On they come; old
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underlying rock; Throughout most ¢f the area the country
rock is limestone, but locally the surface is underlain by
~igneous rock. The latter weathers easily to form a yellow

- to brown soil on which grass and flowers flourish, patches

of scrub oak occur locally and palm trees are common. Some

of the palms grow to large size and seem always to indicate

‘thé presence of underlying igneous rock. Underbrush is con-
spicuously absent or grows very sparéely on so0il derived
from the igneous rock.

The limestone decomposes slowly due to the dryness of

the region and very little soil is formed. However, brush

growe exceedingly prolific on it and in places is practically
-impassible, due to the tangle of branches and the numerous
’éharp thorns covering them. Much of the vegetation is higher
'fﬁén a man's head but affords practically no shade due to the
Zémail amount of leaf surface. Many cactaceous plénts thrive
ﬁ%}e but are more abundant~on\tﬁe rlains.

| _ Most of the animals are well adepted to the hot, dry
climate and the brushy" vegetatlon Burros and goats thrive
.dh the leaves of the mesqulte and sxmllar trees. Among the
iwzld anlmals mapaches and turkeys are wery numeroﬁs - There
'aré; also a few deer, a few peccarles and some cat-like
animals such as the tlgre. Rodents are numerous in the
fva;leys and plains, Snakes are scarce in the mountains but
’liéards and turtles are foundvnearly everywhere in great

‘sbundance. Ants and ticks are constant pests.







TOPOGRAPHY

The Sierra de Cruilles is roughly trapezoical in

,m;rginal outline with the maximum length of seven miles
./élong the north side in an east-wést direction and a width
‘éf;féur piles in a north-south direction.

The maximum relief is about 1250 feet zbove the plain.
Thé topography is very rugged due to almost complete pre-
.doﬁinance of physical over chemical weathering, thereby
producing steep cliffs and crags along the canyon walls
aﬁd‘huge.piles of large, gngular blocks at their bases, or
#t the heads of the canyons and gorges. The effect of the
. dissolving action of rain water is very evident on the sur-
'foEés of the limestone layers exposed on the ridges. They.
ére ploughed with small, rounded irregularly arranged |
.ifurrows about half an inch in depth, and resemble the impres-
féions made by drawing the fingers over the s urface of modeling
A:clay. - In addition, the weathered outcrops are traversed by
nurmerous fractures which have been widened by solution.  But
‘tﬁevmain work of'rain water is done at the time of the storm
-itself when torrents of water carry the weathered debris

down the canyons to the edge of the moun?azns and deposit

:them‘in long, thick piles. The canyone in their middle
Cdﬁfses are thus ewept quite clean, whereas their upper
ccurses remain chokea with accumulated debrls where the /
_transportlng power of the water is less effective.

_ There are four conspicuous.topographic highs. Savania

@ e -
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del_Llervaniz situated a little southwest of the center of
the region represents a group cf hills of which the highest
13 about 2560 feet (780 meters) above sea level, About

two miles to the northwest is another group of hills called
the. Palmar which are aoout 70 me%eréulower. Lema Rinconada
in the northeast corner of the area is about the same height,
The southeastern group of hills, now named Lomas del Sur are
topped by a ridge about half a mile long at an elevation of

[

(PRI
probably 670 meters! These %opogrephic highs are roughly

.~ dome shaped with canyons draining them in nearly all possible

directions,

.. . Canyon Mimbres and its branches drain the entire central

S

‘.ﬁértion of the mountains. It begins on the Savania in Canyon

¢,.flows east to the junction of Canyon F, then southeast to

. Canyon E, and then east. In the middle of its course it is

5deeply entrenched and bounded by limestone cliffs several
humdred feet high over which some of its minor tributaries
enter as slightly bhanging valleys. Here, also, the gradlent

'f the canyon bed is less than the dip of the strata and be-

fhlnd the upturned edges of the latter large holes have been

'scbured in times of flood. This canyon is the largest in the

frgnge'and separates the three topographic highs of Bavania,

'R;Ebonada, and Lomas del Sur.

The second largest dreainage system is that of Canyon

“Palmar which beglns in a deeply- eroded igneous mass in Loma

"Eiévations in this range were determined by the aneroid
and handlevel and are therefore of limited accuracy.
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kPaimar, flows south for a quarter of a mile and then north-

_east thus separating Loma Savania from Loma Palmar.  Three

{fathgr aeep canyons of major importance are Trinchera,

a3

7 guigano, and Granae. -0f lesser importance are Canyons

WS

et

‘uesqulte de la Gueva, Kapache, Virgen, Yeso, de Leon, and

'about a ‘dozen other unnamed canyons.

Az il TP e

Tne drainage is consequent. Throughout the entire area
,i£ fol1ows in a general way the dip of the beds. Thus the
fsﬁographic highs are anticlinal highs. From their crests
deep canyons radiate approximately at right anglies to the
ﬁ'strlxe and drain into the major SYHCllnml valleys which
rthéy frequently enter at a sharp angle. Canyon HMimbres
¢lbws southeast across the Savania-Rinconada saddle and

zhen east along the syncllne separating the antlcllnes

LomaS“del Sur and Rlnconada. Similarly Canyon Palmar occu-
Pies a syncllnal depression. Not only does every important
syncllne contaln a canyon but the largest canyons occur in

fhe syncllnes.







PHYSIOGRAPHIC HISTORY

Erosion began in this region at the end of the

cfetaceous when the strata were folded and elevated above
the éea, Subsequent diastrophic movements and igneous in-
t}ﬁsion have probably greatly accentuated this initial
uplift and speeded up the erosive processes. Since the
Xendez shale is now exposed in the San Carlos Mountains

in the syncline immediately east of the Kemp Range and be-
low the igneous masses on top of Cerrc Jatero and Cerro El
'Ghino, it probably covered the entire mountain area at the
beginning of the uplift. This shale has been entirely re-
moved from the Sierra de Cruillas and only a few remnants
of the underlying San Felipe are preéerved in the synclines.
This shows thaet at least 3600 feet of shales and limestones
bave been completely remaved,_but does not necessarily mean
that the Sierra de Cruillas was ever much higher than now.
It seems certain that in the early Tertiary the rate of
'ﬁeathéring in the soft, calcareous shales of the lendez anda
'%ﬁe shaly limestones of the San Felipe must have been much
fester than at present in the massive, resistant Tam&uiipas'
limestone even if, as now, disintegration dominated over
decomposition.

Due to slumping, which is chatacteristic of the Mendez

and the San Felipe beds when unsupported, the deep canyons

"until the overlying shales were removed in greater part and

i £ AN SR}t A kY L@

now carved in the Tamaulipas probably did not come into being
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STRATIGRAPHY

General Features

The tocks exposed in this area are sedimentary,

gﬁebu& and'metamorphic. The sedimentafy rocks are of

;LOﬁ@T and Upper Cretaceous age. To these may be added

;the 11mestone conglomerates forming today along the lower
“parts of the canyons. The igneous rocks of several kinds,
5pr1n01pa11y in the form of sills, are younger than the Upper
'cretaceous formations but are considered to'have been forumed
vin the same peried. The metamorphic rocks were formed near
 the‘1gneous—11mestone contacts.

The acéompanVinv table shows the age, Texas equivalents,

relatlonshlp of formations, thickness, and,general lithology

ofﬁthe sedimentary formations. Their areal extent is shown

pn: he geologic map of the region.

The %total thickness of Lower and Upper Cretaceous strata
‘he San Carlos region is estimated to be about 7127 feet
(2;73 meters). The thickneés in the Sierra Qe»Cruillas from
hflowest exposure of the Tamaulipas limestane o the highest
nxposure of the San Felipe is about 1000 feet (305 meters).
”mestone is the principal rock, although some shale is present
he San Felipe. In addition there is a% least EOO feet of

interbedded sill rock in some sections.
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SEDIMENTARY ROCKS

Lower Cretaceous Rocks

Tamaulipas Limestone

The Teamaulipas limestoné‘is the oldest formation

exposed in this area. The estimated exposed thickness is

800 feet but the total thickness is probably much greater.
,i£7consists of two persistent members,-—an upper transition
series about 100 feet thick and a'lower, more massive series
about 700 feet thick. |

The massive limestone of the basal member varies from
white to darx gray but is generally llgnt gray. The weatherea
surface varies frou light to dark gray and usually is slightly
.darker than the fresh surface. In some places the weathered
surfaces are tinged with yellow. The :ock is bhard, uniform
"in character, and heavy bedded. The thickness of the beds
#aries from two to six feet and becomes thinnest near the

jfop of the member. The bedding.planeQ are seldom wavy.

fﬁey are manifested by sharp breaks, or sometimes by very

- small partings of a softer limestone, often by well developed
»é£ylolitiovstructure, and frequently by chert nodules arranged
, ;ﬁ rows parallel to the bedding. Although chert is not as
uabundant as in the overlying trans"taen beds 1t is fairly
cbmmon in certain sections. It occurs only as nodules which
are usually nght gray, or in some places grayish-yellow, or
,yellow1sh-brown Along any one row, however, the nodules

?are always the same color. These nodules may be rounded or



irrggular and are seldom over six inches in cdiameter, al-
though sometimes adjacent nodules merge to form an intricate
mat along a bedding plane. In addition fo_the chert, small
nifon concretions are present but rare. Solution cavities
along joint planes are characteristically exposed on the
canyén walls.

The transition beds at the top of the Tamaulipas are
méde up of thinner ledges of limestone, six inches to a foot
in thickness, with wavy bedding planes and partings of shaly
limestone and shale. Black chert is very abundant along the
bedding planes either as nodules or in 1enticu1ar bands one
to six iﬁches in thickness and varying from a few inches to

- five feet in length, The nodﬁles are of irregular shape and
rarely exceed four inches in diameter. The 1iméstone.on é
tfresh surface has a variable gray coior, usually darker than
the limestone of the underlying‘massi}e member of the Tamaulipas.

On a weathered surface it is lighter‘gray or locally yellow.

- The parallelism of the chert layers and nodules to the

bgdding planes, the definite color of the chert of any parti-
.cular'horizon, the frequent mat-like extent, all point to a
5é&ngenetic origin, At least it must have been Formed in great
’bart befbre fhe end of the Cretaceous because in certain |
‘pPlaces in the San José fegion on the western side of the

San Carlos Mountains, the chert layers have been broken and

sheered as a result of folding.

The transition beds were probably deposited in shallow




.waters as indicated by their shale partings and wavy
bedding. The presénce of a neretic fauna near the top of
the massive member of the Tamaulipas shows that the seas
had becowe guite shallow before the transition beds were
deposited. About twenty feet below the latter at station
eight was found a fairly well preserved fauna, consisting
of pelecypods and ammonites with traces of gastropodé and
beleunites. The bed in which this fauna occurs is about
eight inches thick and the surface is not wavy. In the
overlying bed which is non-fossiliferous there is a small
band of black chert. Evidently the conditions of sedimente-
tion changed graaually from those in which massive bedded

‘limestones were formed to those in which thin-bedded lime--

stones were formed, and these changes were probably produced

. by a gredual shallowing of the sea.

Tine fauna found near the top of the massive member

qf‘the Tamaulipas strongly indicates that the associated
beds are of Middle Albian age or Gault. The fossils have
been identified as follows: Inoceramus (Actincceramus)
subsulcatifofmis Bbse, Puzosia San CarlosiAImlay n.sp.,
Phylloceras sp., Parahoplites sp., Oxytropidocerss sp..I.
'éubsulcatiformis is very similar to I. subsulcatus ¥iltshire
of the English Gault and P. San Carliosi is closely related

‘to Puzosia mayoriana (d'Orbigny), also of the Gault.




An unconformity exists between the Liddle and Upper

-

;-

Cretaceous in adjacent regions in Mexico and Texas, but

_none was recognized in the San Carlos Mountains. Although

this does not prove the absence of an unconformity, it
seems probable that, in an area as removed from ﬁhe rising
lands as this was in Middle-Cretaceous‘times, sedimentation
may.have continued uninterrupted from one period into the

next.



Uyger Gretaceous

the Yellow color,
and  the scarcity of chert,
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Mendez Shale and Overlving Shales

Although not occurring within the Sierra de Cruillas.
theée‘Upper GretaceousAshales outcrop withiﬁ a half mile
of the eastern side and should be considered, especially

as they very probably covered the entire region when fold-
;ing began., The following description is based on the study
of the well exposeg shale section near El Mulato, which is
‘located on the rlain néar the northcentral part of the San
MCarlos Mountains.

| Here the total thickness of the shales between the

‘Sen Felipe and the undoubted Eocene deposits is 4660 feet

‘(ié?l meters). At present the Mendez shale is thought to
‘?#oﬁstitute‘QSBB féet (870 meters) of the total thickness
';ﬁd its upper limit is drawn at the base of a sandstone lens
.whlch varies from 4 to 16 feet in thickness. The shaleé

‘above and below this lens are qulte similar. They are

medium to dark gray on a fresh exposure, and weather to

ilight gray w1th locally a tlnge of ve;low in the more cal-
fcareous 1ayers. These calcareous layers generally break
nto chunky or ‘nodular bodies with curved,surfaceﬁ. Inter-
bcaléted w1th them at frequent interva;s are small seams of
finé shale.: An abundance of foraminliera is found in the

entlre section.




IGNEOUS ROCKS

Microgranite

Distribution and Structural Relations

Miérogranite is the mést common igneous rock in fhe
gBierrae de Cruillas. It.occurs principally in the form of
sills or more rarely in dikes. Two main sills have been
intruded in the Tamasulipas limestone. The lower one is
éxposed‘only on Loma Rinconada where it is overlain by

650 feet of Tamaulipas limestone. Exposures of micro-
granite aboutv 200 feet thick occur where canyons have cut
headward into the northeast-southwest anticlinal ridge.
“Thé limestone capping the ridge slopes over the microgranite
*aiong.the canyon walls, Alfhough the base of the igneous
:mass 1is not exposed it is considered to be a sill because .
fofiits close rTesemblance in structural features and in
:ééﬁposition to other microgranites in the same area that
aré;definitely sills. The second large sill bas its great-
:e§§ exposure on the Savania and on the Lomas del Sur where
tjiéy be traced continuously for three miles, Certain
4oﬁﬁliefs; regarded as erosion remnants. of this 8ill, increase
he areal extent to six miles. It is further believed that
'aii;the bodies on the Savania and on the Lomas del Sur are
;péfis‘of one sill, since they have approximstely the saﬁe
1§£ratigraphic position and are separatea only where crossed
;by.caﬁyons. - This sill before erosion would have covered

'most of the Savania anticline and the anticline~of Lomas



dei Sur. There 1s no trace of it on the north side of the
. latter, or on Loma Rinconada at the same stratigraphic
position,

The sill varies in thickness from 50 feet to 1&5 feet

and is thinnest on the flanks of the anticlines. t some
;i : plaoés it cuts across the beddiﬁg planes and follows a
higher or lower horizon so that its pdsition varies from
about 30 feet below the base of the transition beds to
within these beds themselves. At some places ledges of
limestone & foot or two in thickness and up to a hundred
feet in length project from the igneous mass. At other
places small off-shoots from the main sill have wedged
themselves between limestone layers. In a few cases the

limestones have been broken into small fragments and sur-

rounded by igneous material, Well developed jointing was
observed only at one place. That was in Canyon ¢ about |
1OGO feet upstream from étation 293,

 On the map it may be noted that the sill does not
outcrop in the westernmost anticlinal flexure of the Loneas
del Sur. Its absence here implies either that it pinches
out before reaching this anticline, or that it cuis across
'the'bedding to form a dike, The steeply inclined beds along
the southeastern flank of the Savania suggest that some
fracturiﬁg may have taken place and thereby formed conduits

by which the magma reached higher horizons. The presence

of this sill on the Savanis and the southern side of the




Lomas del Sur and its absence from the other anticlines

of the Sierra de Cruillas suggests that the immediate

sources of the magma were within the anticlines bearing

the sllls and not from the larger Patado‘body.

There are several other smaller bodies of microgranite

-which are not &efihitély related to the two largest sills,
A three-foot dike'striking N &5° E occurs in Canyon Guijana
near station four. The limestone is slightly darkened near
the contact. In the same canyon near station one hundred
ané thirty-three is a 15 foot dike striking N &7° W. The
exposed length is 50 feet. Considerable alteration of the
limestone has taken place for 3 feet and slight alteration
occurs as far as 6 feet from the contact. 4About 250 feet
upstrean from here is a sill 12 feet thick. The limestone
is somewhat darkened near the contact.

The thickness of cover over the intruéive microgranite
sheet must have been at least 1000 feet for the lower large
sil1ll of Loma Rinconada, by safely including only the transi-
tion beds.oﬁ,the Tamaulipas and thé San Felipe. But since
it seems most probable that fhe Upﬁer Cretaceous shales also
covered the region at the fime of folding which seemingly
preceded intrﬁsion, thé total thickness of the overiying
- sediments must have been about 5600 feet for'the upper large
.sill of Savania and 6250 feet for the lower si11 of Loma,

Rinconada.,




PetroloNy of the Nlcrogran1te
(’ \ : 3 ~s~—r~«’(

The color of the freshest mlcrogranlte is light

grey. ©Shades of pink are produced by slight alteration
so that the common color is somewhat darker. Megascopi-
eelly the groundmass is aphanitic with a feﬁ perphyritic
crystals of quartz and orthoclase. The quartzvis gray, or
colorless, the orthoclase is mottled white and pink. Both
occur as automorphic crystals‘averaging half a millimeter
'in length and attaining a maximum of two millimeters.
Specks of magnetite sometimes occur in groups of sufficient
size and number to speékle the rock.

¥icroscopically the groundmass is holocrystalline and

consists of a mixture of very fine-grained gquartsz and feldspar

abundantly sprinkled with magnetite. Brown biotite occurs
sparsely only in the freshest specimens. Riebeckite is
presenﬁjiﬁ most sections as scattered, sponge-like crystals
ﬁféh avdistinctive deep-blue color. ;Hematite.specks are
usually present Epldote is uncommon. ~Fine rutile needles
-‘may sometlmes be observed under high magnlflcation. In one

ysection'small crystals of purple fluorite were found lining

The quartz phenocrysts sometimes show hexaa gonel out-
jllnes but are commonly rounded due to corrosion. The ortha-
clase phenocrysts are 1d10morphlc and usually clouded by

alteraticn to kaolinite.







The most common decomposition products are kaolinite

. end limonite. The latter may have come from biotite or
pyrite. Pyrite was not seen in any fresh rock section
but the frequent cubic outlines of the limonite grains

- suggests its former presence.

A Granophyrlc Variation of the Mlcrogr&nlue
‘f}' A ‘n F o “" «

A specimen taken from the sill capping the highest

- hill of the Savanla near station one hundred and seven
shows structures characteristic of granophyres. A specimen
from the same sill near station one hundred and eleven

about 200 yards south of the former is a typical micro-

granite as already described. Therefore the granophyre
" must be considered as a minér variation of the"Micim-
'granitic type.

The fresh rock is nearly white with many phenocryste
of colbrleés to gray quartz measuringuup to two millimeteta
ln Giameter. Small phenocrysts of feldspar are not readily
discernlble The main ground mass is.aphanitia.

In thln section phenocrysts are falrly cammon and

 ccns1st of quartz orthoclase, cligoclase, and sanidine.

_The feluspars are guite abundant and idiomorphic. The
sanlalne contains inclusions. The composition of the oligo-
clase was found to be Ab7gAn22.

The groundmass consists of a micrograph;c ‘intergrowih

of quartz and feldspars. ' Fine needles of rutile are present.

.’I’he decomposition products are kaolinite and limonite. .
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Dlstrlbutlon and Straotural Relations

The lamprophyre, vogesite, occure as a sill about

It

‘ i above the plain. At the
E but farther south

°E. It is probably only one of a group of

¢relief. These were not examined. The énclosing Mendez

shale is slightly metamorphosed for about six feet from the

contact as evidenced by its more resistant character and &

color change from lighu gray to light yellow

thhology _
The color of the fresh rock is dark gray.} It weathers

slowly to a deep-brown or reddlsh brown Magascoplcally the

-grounamass is flnewgralned with a decided porphvrltlc ten- -

dency due to the bresence of phenocrysts of hornblenae

augite, and orthoclase Hornblende occurs as numerous iine

needles as long as six mllllmeters. Auglte is not gs abunaant

and does not exceed two mllllmeters 1n 1engt“ Crthoclase

occurs as 1rregu1ar magses up to seven millimeters in diameter.
| In thln section the phenocrysts are chnd to consist

of barkevicitic hornblende, both aegirine and titanium

augite, and orthoclase. In some 1nstances an aegirine
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augite core is surrcunded by colorless augite. The
phenccrysts occur as well developed crystals with sharp
outlines. Magnetite is abundant and together with hematite
and apatite occurs either as inclusions in the hornblende,

or disseminated in the groundmass, Titanite is also Present.
The groundmass consists essentially of orthocclase with some
analcite occurringlas isotropic interstitial material.

) Fumerous fine needles of apatite were also observed, The
secondary minerals include Calcite, sericite, and kaolinite,

but the rock is comparatively unaltered.




Irachyte
:Oécﬁrrénée“
A four foot sill of trachyte was found lying between
the Tamaulipas and the San Felipe limestone near station
'}6ne hundred and thirty-one in a smell canyon'half a mile

-east of E1 Milagro.

i

Lithology

The fresh rock is light pink. The outcrops weather
‘%o & yellowish-pink or yellowish-gray. At first glance it
resenbles a fine-grained sandstone.

ih thin section the specimen shows typical trachytic
structure without phenocrysts. The feldspare; orthoclase
and a plagioclase (probably oligoclase), occur as lath-
shaped crystals with more or less parallel arrangement.
Apatite needles are abﬁndantQ Among the subordinate con-
stituents are magnetite, quartz, hematite;'caiCite, an&

rutile. Kaolinite and abundant limonite were alsc observed.

RS




Basalt

. Distrivution and Structural Relationships

Besalt occurs as a lacccelith at Loma Trinchera, &s
a probable plug near the highest part of Loma Palumar, and
. as sills in other places in the region.
| Lome Trinchera is a small hill on the nofthern slope
of the Palmaf anticline at the véry edge of the plain &above
which it rises several hundred feet. 1Its crest, which
trends‘N 60° E, coincides with the thickest portion of the
laccolith. The latter is elongated from east to west |
parallel to the strike of the beds. It is about 650 yards
long and at least 100 yards thick. The greatest width of
outcrop is 350 ygrds. The thickness decreases rapidly both
to the ezst and the west of Loma Trinchera so that the mass
.lkcomes a thin sheet throughout at least half of its length.
At its norfh end the 1accoli§h is overlain by about & feet
of the transition'beds of the Tamaulipas limestone, which
in turn is overlain by a 12 foot sill. Columnar structure
is fairly well developed. The top of the hLill consists of
vertical columns about a foot in diameter. Many similar
blodks have fallen down the steep slopes and have accumulated
inwlarge stream-like piles. " |

Ancthe? basalfic quy'occupying about 12 acres occurs
‘near the crést“of the Palmar anticline. Canyon Palmer nas
cut headward into it exposing about 150 feet. This basalt,

unlike all the other basaltic masses in the region, is much







weathered and decayed. Due to this fact the exact relation-
S cf the hasalt to the limestone could not e dbservedq
£, H. Watson, who examined this igneous body, consldered
that it was most probably a plug.

A remrant of a basalt sill occurs on the top of a
high hill near the crest of the Savania anticline. This
basalt is about 100 feet thick and apparently does not
weather easily. It is underlain by massive Tamaulipas
limest&ne bﬁt is not far below the.transition beds.

Two small sills outcrop on the plain nortn of Loma
Rinconada. They are both about 50 feet thick and occur iﬁ
the lower part.of the San Felipe formation.

"Ancther very smali sill of basalt was found on the
‘stern slepe of Loma Rinconada about 200 feet below the

base of the transition beds of the Tamaulipas.

~
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Petrology of the Basalts

. ) EYRIN

The basalts 5f the Sierra de Cruillas belong to

s h

several varieties which are aescribed below. The fresh
rock is nearly black and contains small phenocryets of
olivine. It weathers to a dark brownish-black.

Olivine Basaltse

Olivine basalt was found in the plug on Loms Palmar
and in the sill on Loma Savania. .
A specimen from Loma Palmar contains phenocrysits of

~ augite eand olivine, the latter showing red iron stained
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.borders. The groundmass consists of augite, olivine,
lavracorite, and magnstite.

A s8lide of a sample from the sill on Loma Savania
shows essentially the same constituents, but the feldspar
~is much less abundant, apatite is present, and the augite
of the groundmass is granulitic,

Hatiyne-basanite

Eativne-basanite occurs in the laccolith of Loma
.Trinchefa. The principal phenccrysts are olivine and
augite. The groundmass consists of olivine, augite, mag-
netite, plagioclase, and some glass containing trichijfes.
Blue hatyne crystals are quite abundant. Serpentine has
been formed along fracitures in the olivine. Small amounts
, iron oxide are, also, present.

Nepheline-halyne Basalt

This type occurs in the sills near station one hundred

and fdrty—four north of Loma Rinconada. The phenocrysis are
.olivine, augite, and hatiyne. The augite sometimes has an

aegirine-augite core. The olivine has altered to serpentine
alopg,fractures._ The groundmass consists of olivine and .
.augite. Plagioclase is very scarce. Biotite is present.

Nephelite, which may be detected with difficulty, occurs in

the groundmass.

Ace of the Basalts

The stratigraphic range of the basalts and the micro-
gr“.te overlaps at least 150 feet. The former shows some

glass in i{s groundmass, whereas the latter is holocrystalline.




.hese relationships suggest that the pasalts were deposited
nearer the surface than were the microgranites and there-
fore at a later period after erosion had removed some cf

the overlying strata.
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KETAVORPHIC ROCKS

Tiie intrusion of the microg'anitic and basaltic
masses into the Teamaulipas limestone produced conitact
metamorghism, The limestone adjacent to the basaltic
masses of Palmar and Trinchera 1s scarcely altered, bub
that aajacent to the microgranitic sills and dikes, where-
ever they occur, 1s usually conspicucusly alterea.

‘The altered limestone may be readily distinguished
from the unaltered gray Tamaulipas limestone by its darker
colori‘%Locally near the ocontact with the microgranite the
limestone has been recrjstallized to marble and is white,
The usual coler of the altered liwestone is deep yellow or
brown. The outcrops are crossed by numerous veinlets of
quartz wulch stand out as little ridges due %o the faster
weathering of the limestone.

Black limestone was obeerved at several places on
Loma Rinconada about 230 feet above the microgranite. 1t
was, also, found at station 15 in Canyon Palmar., When
examined in the field it was thought that the black color
might have been produced in some way by the nearby igneous
intrusions. However, examination of thin sectiocns sihowed the
bléck color to be due to the pfesenoe of carbonacsgous material,
It is therefore not an indication of metamorphism,

The greatest amount of metamorphism has occurred in

the limestone overlying the large microgranite sills of Loma
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. Rinconada and Lomas cel 8Sur., Tine zone of alferation varies
consicerably in thickness superadjacent to the large eill
on Lomas del Sur and Loma Savania, This zone attains a
maximuin thickness of 50 feet.near the highest peoint of the
Lomas del Suf and a minimum thickness on Loma Savania wiere
in g few places practically unaltered limestone occurs in
actual contact with the microgranite siil,

Above the microgranite sill on Loma Rinconada there
is anotizer conspicuous zone of metamorphosed limestcone which
has an average thickness of 225 feet. The total thickness
of the underlying sill is not known because its base is notb
exposed. It 1is probably much thicker than the eill on Lomas
del Sur and Savania because the zone of alteration is present

‘é.round g1ll the outcrops of the 8ill and is negrly four time“s
as great as the zone of altered limestone above the sill on
Lomas del Sur. The degree of metamorphism is alsc wmuch greater,

For vboth zones; me tamorphism of the limestone is

usually greatest at the contact with the microgranite and
becomes progressively less away from i%. Howevér, seversal
.exceptions to this generalization were noted. The most con-
spilcuous exception was found on the southwestern siope of
Loma Rinconada. The section here, WulGh was measured from
‘the bottom of ﬁhe canyon near station 249 to thé tcp of Loma

Rinconada at station 167, is as follows:

o
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At
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5(C Dark gray, messive Tamaullpas limestone.
Weathers light to dark gray.

125 lMuch altered Tamaulipas limestone ftraversed
oy nuwmerous quartz veins. Weathers dark
gray to dark brow

165 Slightly alterea Tamaulipas limestone.
Somewhat bleached near the contact with
the underlying microgranite.

200 HMHicrogranite.

800 "

This section shows that the mest alterec limestones
are separated from tne igneous rocks by 105 feet of only
slightly altered limestones. This suggests that metamorphism
was due to cuartz bearing solutions given off by the magma
rather than by actual contact with the molten maguma,

. Considering the metamorphism of the limestone in
more detail, it was found by microscopic examination that
the altered 1imesﬁone exhibited different degrees of metamor—
phism. In some cases only finely crystalline calqite has
been procduced but in other cases the calcite graine are
larger and show twinning. Quartz may occur quite abundantly
either as small veinlets, or disseminated throughcut the
calcite groundmass. Magnetite alﬁays accompénies the guartz.

ﬂAssociatéd limqnite was provably derived in part from the
magnetife but'the'éubic shape of some of the limonite masses
indicate that they were formed by decomposition oi pyrite,

In the most altered specimens examined, grossularite garnet

.s founa occurring as numerous small six sided crystals in







.Doth calelite ana guartz, Associated with the garnets are
small pyroxene granules which are pronably diopside. In
one section a crystal of plagioclase was alsc found.
The mineral composition of the altered limestone
expleins the variation in its physical appearance, Wahere
the metaworphosed zone has not been‘affected by the injection
of quartz material the, normal gray color oI the Tamaulipas
iimestone is mereiy bleached. Most of the metémorphosed
.zone, nowever, has been penetrated by small veins o¥ guartz
which stand out noticeably on weathered surfaces, Here the
limonite, derived from the oxidation of magnetite and pyrite,
commonly forms a residual yellow or brown coating on the'
.11mestone so that the outcrop may resemble weathered San
Felipe limestone. The fresh surface varies from dark gray
to brown, and frequently has a vitreoué luster due to re-

4

crystallization of the limestone. ' -




STRUCTURE

‘ Tae mountainous area comprising the Sierra de Cruillas
coincides in a general way with the area of structural up-

4

1ift. 1In two places, however, erosion has planed off the
steeply inclined beds causing a pértion of the anticlinal
area to be included in the marginal plain. At the south-
east end of Loma Rinconrada,; steep beds of Tamaulipas and
San Felipe limeétone underlie the plain for a quarter of a
mile east of the mountains. Along Arroyo Palmar, southwest
of Rinconada ranch, the northeast end of the Palmar anticline
projects into the plain a guarter mile beyond the foothills
of the Sierra.

The major structure of Sierra de Cruillas is an irreg-

ular dome-like uplift trending in a general northeast-

.southwest direction. On the north, south, and east it is
bordered by the coastal area of little structural disturbance.
On the west is the great Milagro syncline or saddle which |
extends in a northwest-southeast direction and separates it

from the uplift of Sierra de Patado; ‘Superimposed upon the

mg jor uplift are four minor folds or elongated domes whose

position and form produce the anomalous shape and trend of

the range. The crests of these secondary structures corres—

pond in a general way to the highest areas in the topography
“of the mountains. Loma Palmar, in the northwestern part of
the range, is on the axis of the Palmar anticline; southeast

of this a group of higher hills, called the Savania del

&
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q,lervaniz, is near the crest of the Savania anticline,

to the east, the Lomas del Sur represent the topographic
expression of a third line of folding; and at the noriheast
endlcf the Sierra, the highegt part of Loma Rinconada is
aldng the crest of the Rinconada anticline. The Rinconada
anticline is a continuation of the Savania anticline to the
southwest and is~sepagated from it by a shallow structurél
saddle. The line of folding which passes through &heae two
"highse" is the principal axis of the Sierra Ge Cruillas
uplift. It extends about N 55° E. The Palmar anticline.
lying to the northwest and the Lomas del Sur anticline to
the southeast extend néarly parallel to this central axis.
‘Pfojected southwestward across the Milagro syncline these
three lines of folding seem to be a continuation of similar
minor axes in the Sierra de Patado.

The Rinconada-Savania trend is in 1line with an anticline
passing through Cerro Samora, the Palmar anticline seems %0
be related'to‘the anticline of Cerro Lechugillosa, and the
trend of the Lomas del Sur anticline may be contlnued in a
‘broad anticline to the south of Cerro Samora.

Considering in more detalil the structural'hizhs of the
Sierra de Cruillas, the Savania antlcllne 1s seen to be the
largest of the four. The amount of suructural pllf* is
greater and the surface elevatlions along it are higher than
in any other part of the range. To the west tne beds dip

.1nto the Mllagro saddle at about 20°; to the east they pass
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more gently into the saddle separating the Savania Irom

the flinconada anticline; on the northwest flank, where a
shallow syncline separates the Savania from the Paluar
enticline, the dips vary petween 6° and 300; on the south-
east, where the flank of the anticline coincides with the
mafgin of the range, the dipsAvary from 30° to 60°.  The
Savania enticline is therefore asymmetrical with the sieeper
flank on the southeast. The syncline which parallels the
anticline on the northwest is alsc asymmetrical due tc the
more pronounced folding along the Savania anticline to toe
‘soutneast than along the Palmar anticline to the northwest.
There is a pronounced reéntrant of San Felipe limestone
along this syncline just northeast of El Milegro ranch wihere
.the syncline crosses the northwest-southeast trend of the
Kilagro saddle. TWest of El1 Milagro there 1s a similar re-
entrant of San Felipe on the east fiank of the Patade Range,
where the sjncline extends westward betweeﬁ the folds observed
on Cerro Samora and Cerro Lechugillosa.

The Rinconadea anticline is nearly symmetrical but is
somewhat steeper on the southeast side. To the south and
"southwest the beds dip rather gradually at about 15Y to 20°
into a syncline and a saddle geparating the Rincenaca anti-~
cline from the anticlines of Lomas del Sur and Bavani& del
Llervariz respectively.  On the north and east flanks, the

anticline is bounded by the coastal plain and the beds dip

irregulariy at about 20°. Along the margin of the mouniains




the cip increases to 25° and 309, A decided plunge occurs
'.at the extreme northeastern end cn an anticlinal nose and

alony the southeast side where steeply tilted beds continue
out into the plalin about a guarter of a mile,

VThe Palmar anticline is broad and asymmetrical. From
the creset near the socuthern side the beds dip northwest at
about 10° to the edge of the mountains where they increase

to about 20° for a shert distance. The eastern end of the

anticline extends out on the plain half a mile and steepens

near the contact of the Tamaulipas and San Felipe limestones.

The asymmetrical anticline of the Lowas del Sur is

dome-shaped due to the existence of several subsidiary folds
on its flanks. But the main axis is quite distinct and makes

.an eacute angle with the east-west topographic ridge. One of

the minor folds extends socuthwest into the plain. 0On the
Lémas dei Sur anticline the steepest dips are found on the
south and east sides.

The maximam structural uplift of the Sierra de Cruillas
is estimated %o Ee 5620 feet (1714 meters). To obtain this

figure it was first postulated that Cruilias is situated

approximately at the top of the Mendez shale. Below Cruillas
there should be about 870 meters of Mendez shale and 264 .
meters of:San Felipe to the top qf the Tamaulipss. The sum
of these (1134 meters) minus the altitude of Cruillas (234
meters) places the top of the Tamaulipas 900 meters below

sea level. The highest point in the range at 780 meters is
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near the base of the transition beds of the-Tamaulipas.
AGcing tne thickness of the latter (34 meters) to 730
meters places the greatest height of this formation at

814 meters above sea level. Then the structural elevation
must be 814:meters plus 900 meters eguals 1714 meters
(5622 feet).

sany minor flexures on the flanks of the main anti-
clines account for their broad dome-like shape. These
flexures tend to obscure the main structure.

The great thickness of the Tamaulipas limestone, its
maseive bedding, and the steep dips observed in the Sierra
de Cruillas indicate that there must have been a great
weight of overlying sediments in order to induce folding
without faulting. But the fact that many of the sills and
laccoliths oécur near or at the base of the transition beds
cf the Tamaulipas suggests that some fracturing end weakening
may have océurfed in these less competent limestones thereby

forming & plane of weakness along which magma Might easily

be intruded. This view is supported by the finding of two

peculiar types of breccias closely assoclated with the same
gill at two localities. On Loma Savania near station one

‘}-1; l 3 ol 1 .
bundred and twelve, there is & four-foot ledge of rock con-

‘sisting of numerous small, sharply angular fragments of

-8lightly metamorphosed limestone enclosed by an igneous

matrix., The ledge is underlain by massive non-fractured

Tamaulipas limestone and is overlain by a two foot layer







.oi" gimilar gray massive limestone, which in turn is ovsr-
lain by avout 40 feet of igneous rock. From these relation-
ships it seems that the igneous material must have been
intruded into a shattered zone where the limestone was
more brittle than in the beds above and below. 4 second
locality where a breccia occurs is near the highest point
of the Lomas del Sur on the hillside above station %&55
hundrea and thirty-four. Here only the upper porticn of
the sill is exposed. It grades into a coarse breccia about
12 feet thick consisting of much altered limestone and ig-
neous fragments surrounded by a matrix of igneous material.
Tne breccia gra&es into a much fractured limestone deVoi@
of igneocus material. Both of these breccias occur a few

.feet below the base of the typical, thin transition beds
of the Tamaulipas., Another explanation of the origin of
theee breccias is that the force of the igneous intrusgion
along some plane of weakness may have been sufficient to
frecture the limestone and thus form a breccia.

It may be noted from the structure sections along
lines A-B and C-D that the sills are thinnest on the flanks
| of the anticlines. Thus the sill which caps the highest parh
of Loma Savaﬁia is 56 meters thick'near station one hundred

and seven but thins to 19 meters near station one hundred
‘and thirteen only a quarter of a mile to the south ot the
former. The same sill is about 30 meters thick near station

. two huncdred and seventy-seven in the Lomas del Sur but thins
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SUMMARY - OF STRUCTURE

1. There are four dome-like uplifts (Savania,
Rinconada, Palmar, and Lomas del Sur) coinciding with
topographic highs,

2. The axial trend of the folos is N 55° E,

5. The major Rinconada-Savania trenda seems %o be
a continuation of the anticline passing through Cerro
Samcra, the Palmar trend is related to an anticline passing
through Cerro Lechugillosa, and the Lomas del Sur trend
may be continued in a broad anticline south of the Samora
ansvicline,

4. The Savania anticline is asymmetrical. The beds
dip west at 10° and pass into the Milagro saddle at 200;
to the east the dip is about 10° into the saddle separating
the Bavenia from the Rinconada anticline; to the ndrth the
dip is about 1%° into an asymmetrical syncline (whose steep-
est flank is on the south) which separates the Savania from
the Palmar anticline; on the southeast the Savania anticline
plunges with dips of 309 to 60°.

5. The Rinconada anticline is nearly symmetrical with
an average dip of 15°, which increases near the edge of the
mountains to 25° and becoues as great as 40° along the south-
east side.

6. The anticlines of Palmar and Lomas del Sur are
asymmétrical with their crests nearest the side of the

Savania-~Rinconada trend{ From their crests the beds dip




into the intervening synclines at about &°., In the anti-

N

ciine cof Lomas del Sur the steepest dips are on the south-
east side. |

7. The dips of all these anticlines increase suddenly
at the edge of the mountains,

$. The thinning of the sills on the flanks of the
anticlines shows that intrusion did not precede folding.

9. The maximim structural uplift is about 5622 feet

(1714 meters).




GEOLOGIC HIETCRY

. The Tamaulipas limestone deposited during the iiddle
Cretececus is the oldest fermation eprsed in the San
Carlos Mountains where it is probably 2000 feet thick.
Host of it was formed_at considerable depths in a slowly
subsiding basin as evidenced by the purity of the lime-
stone, thick-bedding, fine texture, and paucity of fossils,
The scattered remnants of such free swimming forms as
ammonites and belemnites and the absence of bottowm-living
forms in the massive limestone, except near its top, sug-
gests Iairly deep waters. Toward the end of the period the
basin became shallow. This is first heralded by a fauna
typical of the neretic zone, such as pelecypods and gastropods
v. in addition to cephalopods, found about 130 feet btelow the

top of the formation., The upper hundred feet, coneisting

of thin-bedded, wavy limestones and interbedded cheris were

certainly déposited in shallow water.

The overlying San Felipe 1imestonés and ehales of the

Upper Cretaceous wefe apparently deposited conformably on

the Tamaulipas limestone in the San Carles region. The

' shales probably indicate that a land area to the northwest

was rising'so that the rivers with increased velocity com-
menced to bring greater guantities of silt to the sea. After
about 1000 feet of alternating limestones and shales had |

accumulated the uplift of the land areas became more pro-
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nounced and increasingly greater amounts of silt were de-
posited in the sea. The iendez shkales, which were thus
formed, grade gradually from the San Felipe with perfect
conforrmity. These shales are about 2850 feet thick and

are separated from 1800 feet of similar overlying shales

by a thin sandstone member. In summing up the history of
sedimentation in this region it may be noted that in the
¥iddle COretaceous depositicn occurred iﬁ a fairly deep basin,
that throughout poth the Kiddle and Upper Cretaceous depres-
sion of the basin continued but at a decreasing rate and
sedimentation at an increasing rate. Finally at the end

of the Mesozolc the entire area was uplifted, folded, and
subjected to erosion.

Since the youngest formation fourd in the synclinal
basins of the Sierra San Carlos is the Mendez shale, the
uplift epparently occurred after the deposition of the latter,
and presumably near the end of the Upper Cretacecus. At least
the Eocene seas deposited their séndstones and shales on the
now rapidly rising arc of the Sierra San CQarlcs.

After the initial period of folding, intrusions of
igneous rock domed certain areas within the uplift or'ex-
fended as sills of varying thickness over large arezs. The
molten rock probably reached the surface in some places form-
ing volcanoes and lava f;ows'which subseguent erceion has
entirely removed. Not only do the igneous masses represent

several period of intrusion but volcanic activity has continued




to Tecent times, On the flanks of the Xewp Range on the
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;ide of the San Carlos HMountains, lava flows were
chnserved resting on the debris which has accunmulaited in
tne valleys of the present erosion cycle.

During the Tertiary period erosion carved the uplift
into rugged mountains, In the Pliocene and Pleistocene
the debris from the disintegration of the limestones and
volcanic rocks was %arried and heaped together in the wvalleys
and plains where it was cemented into hard rock by the

deposition of lime.
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PALEOHTQLOGY

Albian PFossils from the Tamaulipas Limestone

of the Sierra de (Cruillas

Inoceramus (Actinoceramus) sudbsulcatiformis Bbse.
Plate 14, figures 1-15

Inocerexus (Actinoceramus) subsulcatiformis Bbse, Univ.
Texas Eull. No. 2748. pp. 189-183, pl. 18, figs.l-5H, 1927.
Bése originally described this species from & single
specimen found in the Edwards limestone as follows:

"Shell small of oblong contour, higher than wide,
~easymmedrical, ineguivalve, the left valve being larger and
Lore convex tnaq the rlgnt one. Hinge line straight and
very &hort. Both valves are smooth in the upper portion
ana siow st*oné radial folds in the lower one. The sean
is straight only in the upper third and strongly pl;“ﬁted
on tie rest the ribs of one valve correspending to the
interstices of the other,

Left valve.--High otlong, oval in the lower portion,
beak well pointedq, strong Zly benb over the hinge line an
twisted forward. In the Irent part bvelow the beak appears
a smeoth and concave semilunar area limited by & slight
curved fold; the back portion of the veak is evenly curved.
towarc the hinge line and the seam. The surface of the valve
is smooth in and velow the umbonal region; this smooth portion
has &n obligue form, beginning in front near the bheak and
reaching diagonally down toward the posterior sice. This
smooth portion shows only fine conceniric lines of growth
which in their shape do not follow parallel to the outline
of the smooth portion but are more or less parallel to the
general outline of the valve. In the lower portion the valve
shows nine radial folds or ribs, the postericr ones of which
are very inconspicuous. The anoerlov Tib heglhb near the
beak ana enas at the seam, enclosing the semiluneary area men—
ticoned above. The next rib begins a little lower bui is very
strong and much longer than the first one In tae sanme
manner follow two more ribs, each of tnem beg*“,4nt a little
lower than the other and ending at the boraer oi the valve.
Then almost in the middle portion we see two mwuch shorter
and ratner low ribs which may represent an inaividual irregu-
larity. On the posterior part we find four more ribs, all
shorter than on the anterior portion and mostly less surong,

. the last two are very short and low.
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Right valve.--High oval, beak lying far toward tihe
anterior porticn, slightly iwistvea ferward, ncet very prom-
incnt, situated below and a little forward of the beak of
the left valve., Hinge line short and straight and lying
behind the beak. Valve not quite as evenly convex as the
left one but showing a much greater convexity in the
anterior portion while the posterior siae is flattenedq,
The area corresponding to that of the left valve is not
very clearly defined, but in this region the shell bends
strongly toward the seam and a very faint swelling curves
from the beakx to the place where the corresponaing fold of
the left valve reaches the seam. The upper portion of the
valve is smooth and shows only concentric lines of growth
which follow parallel to the outline of the smooth portion.
On the lower third of the valve we find eight short but
paritly strong Tibs or folos which correspond to the inter-
stices between the ribs of the left valve.®

Btse recognized the great similarity of this species

to Inoceramus concentricus var subsulcata Wiltshire but dis-~
tinguished it from the latter by several minor differences,

"First, the outline of the shell is not quite as asymmetrical
as in I. subsulcatus and especially the very characteristic
.wing; on the posterior side which we find in I. cencentricus
as well as in I. subsulcatus, is practically missing in our
gspecimen, In both I. concentricus as in I. subsulcatus the
line from the voint of the beak to the posterior poertion of
the left valve shows always a decided infilection which in
some specimens way be very slight but always seems o be
present. This inflection is umissing in our specimen and
the corresponding line is entirely straight. This makes
our left valve appear much more symmetrical. On the other
bhand our specimen is much more slender than I. subsulcatus,
while this later species is always rather vroad.®
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The forms from the Sierra de Cruilles likewise differ
from I. subsulcatus in being more symmetrical and in the weak
development of a Wing on the posterior side. However, there

is an infilection of "the line from the point of fie veak to

the posterior portion'" on some left valves. Its presence on
some valves and absence on others suggests that it is only an

individual variation and therefore of no specific importance.
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Ze close relaticnships of I. subsulcatiformis to

the Zurczean I,Asubsulcatus is clearly shown by the specimens
COlieCctel in thé Sierra de Cruillasf In the Eurcpean species
all stazss can be found between the non-plicated I. con-
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centricus to forws nearly as highly plicatea as I. subsulcatus.
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A eimiler series was found in the Sierra de Cruillas. Among

+

he

h

11 %

ct

[}

* specimens examined there are a few small forums

which shiow no plications, but the majority of the forms bear
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iication on tne anterior part of the left valve. This

icn may be very shallow or very preonounced. 4 few in-

e
=
[N
[
m
ot

o)

4

I
w

[

ividual

F).:

have more tnan cne plication. Several specimens
show 1ws, another has three, and two have five plic&tionsn
each, XZere 1s evidently a species in which the individuals
show the same variability in sculpture as 1I. subéulcafus and
differ irom the 1étter only in the minor characteristics
already mentioned, )

Tne general description and figures of the epecimen
from the Edwards limestone, as given by Bbse, accord nicely

with the specimens collected in the Sierra de Cruillas and

probably belong to the same species. The fact that Bbse's

variability in the number of plications.

1 scath, The Gretaceous Lamellibranchia, Vol. 2, Pt. 7, p

26&. Paleontographical Society. Vol. LXIV, 1910.




. ' The specimens from the Sierra ae Cruillas

consiceravle range in size. The smallest

is 15 wmm., in

height and the largest 65 mm. Several average specimens

‘bave tee following dimensions:

Valve Height ~ FWidth Thickness
Lefty —mm———— 55 mm. 28 mm. 2% mm,
Left ———— — 42 mm, 30 mm. 17 mu,
Left  ——————- 39 mnm. 29 mm, 13 mm.
Right e 44 mm. 31 mm. 9 mm,
Right  —————e——m 45 mm, 30 rm. 13 mm,

Kumper of specimens: Fifty single valves.

¢

Age: llodle Albiean, lassive member of the Tamaulipas

. limestone about twenty feet below the top,.

Locality: Sierra de Cruillas, one-half mile east of’

El Milagro at station eight.

The

same &species

has been found in the Tamaulipas limesione

two miles southeast of San Carlos near the

- southern end of the Kemp Range.
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Puzosia San Carlosi Imlay, n.sp.

Plate 15, figures 1-4

Shell of medium size, involute; coiling serpental,
subangustumbilicate; whorls slightly compressed, nearly as
wide as tall, sides slightly convex, venter evenly rounded,
umbilical edge rounded with wall nearly vertical. Seven
'sigmoid constrictions on the outer whorl, inclined forward
on the venter as an évenly rounded sinus; féint costae
tetween constrictions most conspicuous on venter, Quturlb
line complicated with much frilling, bifid saddles and a

nearly symmetrical trifid, deep lateral lobe.

- NN
PO

Dimensions:——Holotype. M
Diameter—————————— e 53 mm. (1)
Height of last whorl—---——- 32 mm, 0,060
Width of last whori--—-——-— 30 mm., 1.57
Diameter of umbilicus-—-—--15 mm. 0.28

Discussion:--0ur single specimen was found in a
brittle limestone matrix., The outer whorl, Whiéh is com-
posed of similar brittle limestone, shows sutures, but the
inner whorls, which are oalcifiea; show no sutures. The
sutures are not exceptionally well preserved and the tracing
of their complications is only approximately accurate.

The abeve description and the accompanying figures
show that ouf form is closely related to P. mayoriana

1

(d'Oroigny). It differs, however, in several respects.

’ 1 Spath, Ammonoidea of the Gault, Pt. 1, p. 4.
Peleontographical Society, Vol. LXXV (1921).
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The shell is more inflated than P, mayofiana, the umbilical
ratic 1s less, there are eeven coﬁstrictions instead of four
or five, and the sinus formed by a forward bending of the
constrictions on the venter is not nearly as acute. P.
commuﬂis Spath;haS'as many constrictions as our form but is
much more compressed. P. provinoialis (Parcna and Eanarelli)z
and P, quenstedi (Parona and Bonarelli) have a smaller number
of constrictions ahg the suture line is not as frilled. 1In

the last named species the sinus on the venter is apparently

nct as pronounced.

Although the form from the San Carlos Mountains is

an entirely distinct speclies from P. mayoriana, it apparently

-

cccurs in a similar stratigraphic horizon, that is, in beds

of iiddle Albian age which are the equivalents of the Gault.

Number of specimens: One.

Age: Middle Albian, Massive merber of the Tamaulipas lime-

L " stone about twenty feet below the top.
] Locality: Sierra de Cruillas, one-half mile east of El

Milagro at station eight.

1

Loc. cit. (1921) Pal. Soc. Vol. LXXV, p. 47.
2 Parcna and Bonarelli, "Fossili Alb. Escragnolles,®
Pal. Ital., vol. ii, p. &1 (29), pl. II, figs. 4a,Db,c.
(1&96). -
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’ p Phylloceras sp.

Plate 15, figure 6

This genus is represented by a single crushed speci-
men, The shell is involute and cowmpressed, The whorl-
section was evidently elliptical. The uxbilicus is &almocs®
closed. Tne test is covered with small straight striae which
extend ffom the umbificus to the venter where they are most
pronounced. Near the periphery there are 22 striations in
a space of 11 mm, The diameter of this incompleté specimen
is 22 mm.

Number of specimens: One,

Age: Kiddle Albian, lassive member of the Tamaulipas lime-
. stone very near the tép.

Locality: Sierra de Cruillas, one mile northeast of EL

¥ilagro at station thirty-seven.

. .
Oxytropidoceras sp. Ll e

Plate 15, figure 5

The form found in the Sierra de Cruillas is not
readily referable to any species of Oxytropidoceras which
has been examined. It is preserved as a cast of a pertion
bf the outer whorl. The whorl is compressed, sublatumbilicate,
festigate. Ribs numerous, narrow with slightly wider inter-
spaces, round-topped, sigmbid, of two lengths not regularly

‘tern&ting, of which the longer two-thirds reach the umbilical




mergin; some ribs branched; some ribs more prencunced than
others, Diameter (incomplete) 72 mm.

Number of specimens: One,

Lge: Middle Albian, lassive member of the Tamaulipas lime-

stone very near the top.

Locality: Sierra de Cruillas, one mile northeast oi El

§ , Milagro at station thirty-seven.

&

Parahoplites sp.

Plate 15, figure 7

There is a small cast of an outer whorl which has
been referred to this genus. The whorl is convex with a
diameter of 9 mm. There are 14 ribs in a length of 24 mm,
These are of two sizes which alternate regularly. The

longer ribs are slightly curved and reach the umbilicus.

The shorter Tribs are straight and extend two-thirde of the

distance from the periphery to the umbilious.

Number of specimens: One,.
Age: Middle Albian, lMassive member of the Tameulipas lime-

stone very near the top. :

Locality: Sierra cde Cruillas, one mile northeast of El

Milagro at station thirty-seven.




Figure 1.--Left valve with one very shallow plication. .
2.--Side view of preceaing specimen. »
%.--Left valve with one very shallow plication. !

PLATE 14

Inoceramus (Actinoceramus) subsulcatiformis Bbse. (p.50)

(A1l natural size)

4;\ U
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4,--8ide view of preceding specimen,
5.~--Left valve showing one pronounced and one 19379

shallow plication.
6.—-Anter10r3v1ew of preceding specimen show1ng
the curvature of the beak.

{.—-Largest left valve in collection. ¢chows

one plication. 153%7

8. --Left valve with no plication, 18337

9.--Left valve with one pronounced plication.’%2%

10.--Left valve showing four plications, three

strong and one ialnu. j£33%

11.--Left valve with one strong plication. 153%¢
12.~-Right valve showing only concentric growtn

lines, 15%%%

15.-—Another right valve. /s3+% _
14,--Left valve with one plication. /533>

15.--Portion of a left valve showing four plications.:s:
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Specimens 3 (4) and 15 are from the T&maulipas'lime—‘

stone two miles southeast of San Carlos near the southern

end of the'Kemp Range.

The remainder of the specimens &are

from the top of the massive member of the Tamaulipas limestome = -

taken one-half mile east of El Milagro at station eight.
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PLATE 15

Puzosia San Carlosi Imlay n.sp. (p. 54).

Figure 1.--8ide view of holotype. Top of the massive
member of the Tamaulipas limestone taken
cne-half mile east of El-Milagro at station
eight. {Natural size) '

2.--Peripheral view of preceding specimen,
j.=--Partial suture line of type specimen.
4,~-Another sketch of suture lines of the type.

Oxytropidoceras sp. (p. 56)

5.~-S8ide view of specimen from the top of the
' massive member of the Tamaulipas limestone
at station thirty-seven one mile northeast
T Fl Milagro.

Phylloceras sp. (p. 56)

. " 6.--Side view of specimen from the top of the
massive member of the Tamaulipas limestone
at station thirty-seven one mile northezst
of E1 Milagro.

Parahoplites sp. (p. 57)

{.~—-8ide view of specimen from the top of the
massive member of the Tamaulipas limestone -
at station thirty-seven one mile northeszst
of El1 Milagro.
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