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INTRODUCTION 

The Texas lineament, has been a bone of contention 
(or a zone of controversy) since it was first suggested by 
R T Hdl in 1902. 

' It seems clear that, in their discussions of the Texas 
lineament, Hill (1902, 1928), Ransome (1915), and 
Baker (1927, 1935) were referring to a linear anomaly 
between more-or-less aligned structural and stratigr-
phic anomalies of regional significance, which were 
'detactable on the ground and on the small-scale 
regional geologic and topographic maps available 

__ then They variously described the Texas lineament as 
a line of faulting, a Unear zone of faulting or fracturing, 
or a linear zone between contrasting geologic 
provinces, but they never suggested or implied strike-
shp movement as the origin of the l ineament. 

Albntton and Smith (1957), in a masterful review of 
the subject, restated Baker 's (1935) concept of the 
lineament in terms of a broad, eastward continuation of 

'..the Murray fracture zone. Their illustration (Fig. 4, p . 
511) shows a 60- to 90-mile-wide zone extending 

; eastward from the Transverse Ranges of California along 
the southern base of the Colorado Plateau to Trans-
Pecos Texas as constituting the l ineament. In accord 
.*ith stratigraphic pract ice, they also proposed a type 
jlbcality: " . . . the segment of about 55 miles in length 
•which runs along the corr idor of Eagle Flat." This 
f topographic corr idor extends from about 10 miles 
!:south of Van Horn, Texas, N.60<'W. through Sierra 
,;Blanca and for another 20 miles beyond toward El 
;,raso. It separates two regions having strongly con-
.trasting geologic history: the Diablo platform to the 
.north and the Chihuahua trough to the south (Fig. 1). 

REGION AL TECTONIC SETTING 

Along the north side of Eagle Flat, the Carrizo 
Mountain Formation in the upper plate of the 
^'reeruwitz thrust fault, was thrust northward over the 
younger Allamoore and Hazel Formations which had 
ocen deformed and tectonically mixed during Late 

••ecambrian deformation. One margin of the Diablo 
P 'I'form was differentiated along this old boundary late 
" "aleozoic time and again late in Mesozoic time. The 
*^uthern border of Eagle Flat and Hueco Bolson marks 
Pproximately the maximum northward extent of a 
^•"mianor older seaway (Lopez-Ramos, 1969), of thick 
''^taceous sedimentation in the Chihuahua trough, the 

^'muni northward transport by thrust faults during 
•"amide deformation in the Chihuahua tectonic belt, 

p,-.= T h « 

and probably the no r the rn edge of pre-Albian evapori te 
deposi t ion. 

The topographic cor r idor of Eagle Flat, and probably 
the topographic co r r idor of Hueco Bolson as well, 
satisfy the definition of a linea.ment: aligned structural 
a n d - o r s t r a t i g r a p h i c a n o m a l i e s t ha t p r o d u c e 
topographic lines. Moreover , this zone of s tructural 
and strat igraphic discontinuity is the Texas l ineament 
as originally proposed . T h e incontrovertible fact of the 
Texas l ineament in Trans-Pecos Texas and the popular 
hypothesis of its origin by wrench-faulting along the 
Texas or any other direct ion must not be confused. 

The Hillside fault, the type fault of the Texas 
direct ion of wrench-faulting as interpreted by Moody 
and Hill (1956, p. 1223), extends from Van Horn N.70° 
W. toward Sierra Blanca where a fault with a slightly 
more northerly strike cont inues toward El Paso. These 
faults, and a p resumed near due-east extension to Kent , 
Texas, const i tute the clearest expression of the Texas 
l ineament as described by Baker (1935, p . 207). 

Systematic geologic mapping has covered most of 
the region critical to an evaluation of the type regions 
for both the Texas l ineament and the Texas direction of 
wrench faulting. Regional gravity and magnetic studies 
between Sierra Blanca and Van Horn by WUey (1970) 
contr ibute additional da ta and assists in the delineation 
of the principal tectonic blocks. 

The Itjillside fault is exposed or can be inferred for a 
distance of about 8 miles between Van Horn and 
Al lamoore . P. B. King (1965, p. 115) stated, " . . . the 
Hillside fault has been ascribed an inordinate role in 
the tectonics of the region . . ." He showed that along 
the ou tc rop of the Hillside fault, the basal Permian 
Powwow Conglomera te unconformably overlies Van 
Horn Sandstone and that both are in fault contact with 
metarhyoli te intruded into the Carrizo Mountain For
mation. The Powwow contains numerous coarse, 
angular fragments of metarhyol i te near the fault, but 
nor thward, the fragments are fewer and less angular. 
These fragments must have originated from a high-
standing Early Permian or Late Pennsylvanian north-
facing Hillside fault scarp . Because the metarhyoli te 
fragments in the Powwow are exposed directly ad
jacent to their probable source, King (1965, p. 115) 
conc luded that no significant strike-slip movement 
could have occurred along the Hillside fault since 
Early Permian time and we concur . A post-Lower 
C r e t a c e o u s d i s p l a c e m e n t p u t s P r e c a m b r i a n 
metarhyoli te on the south against Permian and 
Cre taceous rocks on the north. The downthrow to the 
north, according to King, is as much as 1,000 feet and 
possibly more. 

1 r, r i/-«_ I? , r. Vl f i .jtl.^ r^*r-.rr, r - , - i r , \ ' 
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A high-angle fault, the Texan Mountain fault, is 
downthrown northward, strikes N.60<' W., and cuts 
Cretaceous rock at Sierra Blanca, Texas. Moody and 
Hill (1956, p. 1124, fig. 12) proposed that this fault and 

•̂  the Hillside fauh comprised part of a large left-lateral 
: ' :3 wrench fault that passed south of the Streeruwitz Hills 

- -in central Eagle Flat. Although the Texan Mountain 
"and Hillside faults have similar strikes and a similar 

~ ' sense of displacement, strict projection of their strikes 
' - ' 'does not connect them. Even though the throw of such 
: V< â fault is in the wrong direction, Albritton and Smith 

'̂'?(1965, p. I l l ) conceded that the Hillside and Texan 
• Mountain faults could be parts of a broad zone of en-

^echelon fracture, perhaps encompassing all of Eagle 
, : Flat. They found no evidence of strike-slip movement 
; i at Sierra Blanca or eastward. 
• ' They did not beUeve that the zone of faulting could 
-' be traced through or across the Salt Basin graben east 

from Van Horn because a similar structural border 
zone had not been found in that direction. They 

.concluded, "This abrupt ending (east of the Carrizo 
7 Mountains) makes it doubtful that large strike-sUp 

,^-:.movement occurred along the zone in this region" 
•""•VCAlbritton and Smith, 1965, p. 112). They reiterated 

.f,' their earlier (1957) conclusions but added that the 
•/,*• strongest evidence for the Texas lineament or for the 

-'-•^ Texas direction of wrench faulting comes from the Van 
.. Hom-Sierra Blanca region and the remarkable and 

long-enduring geologic and physiographic differences 
between opposite sides of Eagle Flat (Albritton and 
Smith, 1965, p. 112). 

The Hillside fault may have gained undue attention 
in tectonic theory because a major transcontinental 

, highway and railroad traverse the valley formed along 
the fault. A second railroad traverses Eagle Flat. This 
convenient and rapid access to this region of striking 

. geologic contrast and mineral potential may have 
•. •^'faggerated the value of geologic concepts developed 
• here and which were then extrapolated across the 
''^ . ff-°°'^ and into the adjoining ocean basins. 
7.7.737 ^^Ford (1969) briefly reviewed the history of 
I'x.'. .. 8^^ concerning the Texas lineament and called 
•," •; ^'tention to some of the striking contrasts between the 

north and south sides of the line between El Paso and 
..' '"Van Horn, Texas. He noted (p. 61) that the in-

.; teraational boundary between the United States and 
• ."Mexico follows a structural discontinuity for about 275 

niues between El Paso-Juarez and the common corner 
•u f^ '̂ Chihuahua, and Coahuila and emphasized 
. ^' 'he first hundred miles downstream from Juarez 
'nclude the type locality of the Texas lineament." 

,;.,/,• ^P°»"d (1969, p. 63-64) inferred that the lineament 
; ,;•' ~ '̂ "^ thought of as a zone rather than as a single Une 
v" : ,',»-j.j '"^t parts of this zone may have been active at 
i ;"•"'•'•'fi4^ '̂̂ ^"^P°''i's 'II geologic time. He also suggested (p. 
;5M i . ' . *h^ Texas hneament and other northwest-
'•' ' ba" "^ airphoto Uneaments in Chihuahua may be old 
• ' - asement (Precambrian?) faults that have later 

: '^'^tones of movement. 

STRUCTURAL AND 
GEOPHYSICAL INTERPRETATION 

The 

region (fig. 1), supplemented by the trend and style of 
the geophysical anomalies, permits subdivision of the 
region into four elements. These are: the Salt Basin 
graben in the eastern third of the region having north-
trending surface structure and low amplitude 
anomaUes; the Diablo Plateau in the northcentral part 
of the region having west and northwest-trending 
surface structures and anomalies of zero to low am
plitude; the Devil Ridge - Quitman Mountains part of 
the Chihuahua Tectonic Belt in the southwest part of 
the region which has a northwest-trending surface 
structure and low to medium ampUtude anomalies; and 
the Carrizo Mountains-Eagle Flat area which extends 
northwest through the south-central and central parts 
of the region (fig. I). The largest gravity anomaUes 
trend west and west-northwest in Eagle Flat. The 
largest magnetic anomalies are associated with the 
metamorphic rocks of the Carrizo Mountains. 

The largest gravity anomaly in the Van Horn-Sierra 
Blanca region trends southeastward across Eagle Flat 
from north of Sierra Blanca to the Van Horn Moun
tains where it turns southward out of the region (fig. 3). 
It is a near-Unear, two-to-three-mile-wide feature, along 
which Bouguer gravity anomaly values decrease 
abruptly southwestward. North of Sierra Blanca, the 
amplitude of the anomaly is about 10 mgals, but the 
amplitude increases going eastward to about 14 mgals 
at the Streeruwitz Hills and about 22 mgals along the 
south end of the Carrizo Mountains. This anomaly 
closely follows the southern scarp of the Carrizo 
Mountains toward Scott's Crossing, then turns south
ward and closely parallels the mid-Tertiary Rim Rock , 
fault along the west side of the Van Horn Mountains. 
Gravity profiles normal to the anomaly all have the 
open "S"-shaped, or step, curve that is the typical 
gravity response to high-angle faults. Using an average 
density contrast between 0.4 and 0.5 gm cm--', gravity 
interpretation suggests that the fault is downthrown 
southwestward about 4,000 feet south of the Carrizo 
Mountains, 3,000 to 4,000 feet in central Eagle Flat, and 
2,000 to 3,000 feet west of the Streeruwitz Hills (Wiley, 
1970, figs. 14, 15). 

The southeastem part of Eagle Flat, between the 
Carrizo Mountains and the northeastern Eagle 
Mountains, is a true graben that is probably floored by 
thin Permian carbonate rocks overlying the Carrizo 
Mountain Formation and filled with at least 3,600 feet 
of Tertiary to Holocene fill. An unnamed fault, 
downthrown northeastward about 1,700 feet, is in
dicated by gravity interpretation along the northeast 
front of the Eagle Mountains (Wiley, 1970, p. 124-125). 
This fault is the southem boundary of the graben and 
has a recognizable length of about five miles. 

The Rim Rock fault crops out in the 78 miles bet
ween the north end of the Van Horn Mountains near 
Van Horn and the Chinati Mountains, 28 miles north of 
Presidio, Texas (fig. 2). The fault strikes north to north-
northwest and is downthrown westward throughout its 
length. In the northern Van Horn Mountains, its 
stratigraphic separation exceeds 3,000 feet and possibly 
exceeds 4,000 feet in the Tertiary volcanic rocks of this 
belt (Twiss, 1959, p. 110). A reconnaissance gravity 
profile through the southern Van Horn Mountains 23 
miles south of Van Horn indicates a 14 to 16 meals 
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The anomaly in the Van Horn Mountains is strikingly 
similar, in many respects identical, to the major 
anomaly along the north side of Eagle Flat. From this 
and from the seeming association of the north end of 
the Rim Rock fault with the Eagle Flat anomaly, Wiley 
(1970, p. 121) concluded that the Rim Rock fault turned 
west-northwest at the north end of the Van Horn 
Mountains and continued about N.50''W. for at least 
40 miles from its last known outcrop. 

Thus Eagle Flat - the type region for the Texas 
lineament - is bounded by a major fault, downthrown to 
the west, and which connects with the Rim Rock fault, 
a north-trending fault. The Rim Rock fault (as extended 
herein) is the northern boundary of the graben. Farther 
west, Eagle Flat is a half-graben because the southern 
bounding fault apparently dies out westward. 

The Rim Rock fault and its northwestward con
tinuation along Eagle Flat marks the approximate 
boundary between the Chihuahua tectonic trough and 
the more stable platforms on the Texas side. This then 
constitutes the Texas lineament (if we consider it to 
consist of a single fault zone) from the late Mesozoic to 
the present. The location of the Permian equivalent 
structure is less certain but must lie to the southwest of 
Eagle Flat. As shown in other papers in this symposium 
there are no Paleozoic, pre-Permian stratigraphic data 
that support the concept of an active fault zone in this 
location during that time interval. 

Study of Figure 2 suggests that the Rim Rock fault at 
its south end turns eastward along the south side of the 
Chinati Mountains. Both the Chalk Draw and Tascotal 
Mesa faults mark major boundaries in the Big Bend 
region. The principal structural boundary between 
Chihuahua trough structures and the more stable Texas 
side, however, extends from the southeastern end of 
the Presidio bolson down the Rio Grande to the 
Terlingua fault; this then is the probable continuation 
of the late Mesozoic and younger Texas lineament. 

Small gravity anomalies mark the border faults as 
well as the major interior faults of the Salt Basin graben 
system. 

Gravity and magnetic anomalies related to the 
Hillside fault range in ampUtude from 2 to 5 mgals and 
from 300 to 400 gammas, respectively. The anomaUes 
are discontinuous and difficult to deUneate along the 
nine mile length of the known or inferred trace of the 
fault. Poorly defined anomalies that might suggest 
extensions of the fault can be recognized as far as eight 
miles east of Van Horn. No geophysical expression of 
the Hillside fault was detected west of Allamoore 
(Wiley, 1970, p. 153; pi. I). 

Using an average density contrast of 0.2 gm cm-^ 
between the north and south sides of the fault, in
terpretation of the gravity anomaly indicates 1,700 to 
2,000 feet of total northward downthrow (Wiley, 1970, 
p. 154) in reasonable agreement with King's (1965) 
estimate of more than 1,000 feet of displacement. 
Stratigraphic relations require that at least 600 feet of 
this total displacement be accomplished during each of 
the two recognized episodes of movement; proper 
allocation of the remaining movement has not been 
determined. 

The principal magnetic anomalies are associated 
either with ionpmic l-ir>Hi<»e lain A\ u __ _ , . . 

pediment-veneered Precambrian rocks t 
Steeruwitz thrust. Lesser anomalies ac 
Basin graben probably suggest steps in 
surface across faults in the graben systi 

King (1953, p. 102, 103) mapped a 
several scattered exposures of the Strei 
fault; this fault is directly north of the H 
Figure 1. In all these exposures, the Carri 
Formation is in low-angle fault contai 
younger Precambrian Allamoore Formati 
of slip on this thrust plate was slightly east 

The Carrizo Mountains, the Precar 
south of the HiUside fault on Figure 1, are 
vertical to steeply southeast-dipping 
Carrizo Mountain Formation. This form 
of more than 19,000 feet of metamorpho 
arkose, mica shist, talcose-phylUte, an 
About 2,100 feet of rhyolite intruded 
Mountain Formation as sill-Uke bod 
companying tilting, folding, and regior 
phism about 1,250m.y.b.p. (Denison and 1 
1969). The formation, including the i 
transported northwestward as the upper 
Streeruwitz thrust fault and was c 
metamorphosed during a major orogeny 
m.y. ago. About 5,600 feet of diorite 
formation as sills and was metamc 
amphibolite during this orogeny (D 
Hetherington, 1969; Flawn, 1953, p. 63). 

The Allamoore Formation consists of 
feet of deformed but little metamorphose 
coarse clastic, and volcanic rocks and n: 
phyllite. The Hazel Formation, also defoi 
places, tectonically mixed with the Allamc 
of more than 5,000 feet of interbedded sa 
conglomerate (King, 1965, p. 23-27). Thes 
deformed by the 1,000 m.y. orogeny that e 
Streeruwitz thrust fault. 

The sinuous, generally northwest-tren 
magnetic maximum anomaly (Fig. 4) t 
across northern Eagle Flat from the cen 
Mountains to the southem Streeruwitz Hi 
be associated with outcrops of amphibol 
into the Carrizo Mountain Formation i 
Carrizo Mountains and the Streeruwitz 
probably indicates continuity of the 
beneath the shallow alluvial cover of Eagl 
anomaly, nowhere more than a mile wi 

, average closure of about 300 gammas and Ic 
with 900 to 1,200 gammas closure (Wiley, 

The large magnetic anomaly associate 
outcrop of the Hillside fault is missing both 
Horn and west of Allamoore. Although 
anomaly (perhaps as much as 40 percent) i 
the Steeruwitz thrust fault which is cut b; 
out with the Hillside fault, the abrupt termir 
entire anomaly suggests termination of i 
fault about at the east and west bounds 
Carrizo Mountains. Interpretation of s« 
magnetic and gravity profiles across the ou' 
thrust fault suggests that the Carrizo Mo 
mation extends to greater depths near the 
the thrust fault than they do farther soutt 
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suggests that the thrust plate may be bent or curved 
into a broad trough trending west-northwest (Wiley, 
1970. p. 138-142). Flawn (1953, p. 68-69), using poorly 
exposed outcrop data in the southern Carrizo 
Mountains, suggested such a trough or synchne but 
could not map it -with confidence. 

TECTONIC SYNTHESIS 

The concept that the Texas Uneament is a wide zone 
of fracturing and is the onshore extension of the 
Murray fracture zone (Albritton and Smith, 1957) 
deserves further discussion. The oceanic fracture zones 
are represented as bands of disturbed topography that 
originate as transform faults at offsets in the midocean 
ridges and which become passive (aseismic-atec-
tonic?) as it migrates past the midocean ridge. 

The precise physiogrphic appearance of these 
fracture zones is inferred by the geologist making the 
interpretation because the available data consists of 
sparker profiles taken at wide spacing and with un
certain navigational errors. The continental extension 
of fracture zones will be different in appearance from 
its oceanic counterpart because of the addition of 
continental crust and the rapid (geologically speaking) 
modification of the original topographic form by the 
many erosional processes . Even with these 
modifications we can recognize analogies to the 
topographic forms inferred at sea: narrow ridges 
separated by deep linear valleys trending parallel to the 
fracture zone (Transverse Ranges of southern 
California); high escarpments facing the fracture zone 
(Colorado Plateau - Mogollon Rim of Arizona - New 
Mexico); termination and deflection of topographic 
elements against the fracture zone (Chihuahua tectonic 
belt against the type region of the Texas lineament). 

If the Texas lineament since the late Mesozoic has 
been part of the Murray fracture zone, then throughout 
this period of geologic time the Texas lineament has 
been beyond the ocean ridge and should be in the 
stable or atectonic portion of the spreading plate. 
Actually the Texas lineament marks a prominent zone of 
tectonic activity and suggests that the fracture zone 
concept is an oversimplification. Displacements cease 
along the fracture only in the ideal case of 
mathematical perfection and the ideaUzed discussions 
of the major plates of the world. SUght changes in 
movement directions wiU cause reactivation of these 
older tectonic Unes of weakness. Although the 
displacements along the Texas lineament are large, 
they are minor compared to plate translation or to the 
activity when they are between the offset portions of 
the ocean ridges. Dip-slip displacements are the only 
provable type of major faulting in the type region of the 
Texas Uneament. 

Major strike-slip motion can be proposed for the 
Precambrian age boundary offset - but it might have 
been bom offset! On the other hand, maybe all of the 
structures that we see in the late Mesozoic (Permian?) 
and younger structural elements of the Eagle Flat 
region are later reactivations of a Texas direction 
fracture zone of the 1000 m.y. ("Grenville") orogenic 
period. 

The literature on sea-floor spreading, transform 
f a u l t s o c e a n rirlo«»e ^.t™ . u ~ . - - •• 

Global Tectonics" is increasing at a c 
Any limited set of references wiU leav 
corollaries but for the interested readei 
the following list of papers should give 
which to build: Wilson, 1965; Syke: 
OUver, and Sykes, 1968; Morgan, 19( 
Atwater, 1968; LePichon, 1968; 
Morgan, 1969, Vine, 1969, 1970. E; 
plications of these concepts to specifii 
Dewey andBird, 1970; Coney, 1970; Dii 
1970; Dietz, Holden and Sproll, 1970. 

CONCLUSION 

In the Van Horn-Sierra Blanca i 
geologic nor geophysical evidence su 
faulting. Two through-going fault tren 
strated, viz., the northtrending (expose 
Rim Rock fault and Salt Basin boundary 
northwest-trending segment of the Rim 
Eagle Flat. These are Cenozoic structun 
are more-or-less superposed on parts of 
of the Diablo platform of Permian ai 
time. For many reasons, but chiefly b 
distribution of Permian and later rocks i 
Texas, it is most improbable that mi 
displacement occurred in the region aftei 
of the Cambrian Period. Thus, the evide 
to demonstrate wrench-faulting alonj 
Uneament must be in rock older than 
contrast to the late Paleozoic interpr 
earlier by Muehlberger (1965). Much o 
missing in Trans-Pecos Texas, either bei 
depcsition or erosion, and much of, thai 
covered. Moreover, the several tectonic 
in the region, ranging from Precambrian 
and metamorphism to Cenozoic ble 
strongly suggest a fundamental crustal 
but also tend to obscure evidence of its 
structural complexity. With the presen 
data, it is possible to state only that this 1 
zone of lineaments, extends about N ( 
most of Trans-Pecos Texas, that the Van 
Blanca region lies athwart this zone, and tl 
and remarkable straightness of the lineam 
a wrench fault origin (landward extension 
zone?.). 
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PARTS OF TEXAS, SOUTHERN 
NEW MEXICO AND NOR THERN MEXICO 

by 

R.E. Denison, W.H. Burlie, Ir., E.A. Hetherington, 
and LB. Otto 

Mobil Research and Development Corporat ion 
Field Research Laboratory 

P .O. Box 900, DaUas, Texas 75221 
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I N T R O D U C T I O N 

' - T h e basement rock framework of Texas and New 
Mexico is clearly Precambr ian in age where isotopic 

X data permit its determinat ion. However , at the margins 
'of these well defined blocks of P recambr ian rocks we 
^flnd evidence of Phanerozoic thermal events. Some of 
.jTthcse events definitely involve the basement . W h e t h e r 
^dr not others do depends on the definition of basement . 

" The discussion here includes all known descript ions of 
- pre Tertiary igenous and metamorph ic activity. We are 

dealing with only a few data points that are so 
-geographically scat tered that there is not enough in
formation avaUable to define basement . 

" - PRECAMBRIAN OF 
TEXAS AND NEW M E X I C O 

Areas of Arizona and nor thern Sonora can be 
characterized by basement rock ages in the 1500-1700 
m y range (see Livingston and Damon , 1968). This age 
range is represented as scat tered mineral ages in 
younger terranes in New Mexico (Muehlberger and 
otners 1966). However, there are no published ages on 
rocks from the New Mexico outcrops closest to this 
1500 1700 m.y. Arizona ter rane . It seems clear that 
there wiU be areas in New Mexico that will be 

> j l ""^^terized by this older age (possibly in the Burro 
YP''ft of southwest New Mexico), but the location and 

->aistnbution of these areas await definition. 
ne basement rock ages and composi t ion in far West 

exas and south-central New Mexico have recently 
^•«:n described by Denison and Hether ington (1969). 

nave obtained a few addit ional ages on some rock 
s but these have only substant ia ted the conclusions 

Pf^viously reached. 
jjy "e oldest ages that can be defined with confidence 

JbO H- m.y. Massive granitic rocks, gneisses of 
'tic to dioritic composit ion and lesser volumes of 

Orth ^^ '^^•^'^'"y rocks comprise this te r rane . The 
^^nogneisses yield metamorphic ages in the 1350 m.y. 

5 and have an undefined older age of intrusion. 
age of deposition for the later me tamorphosed 

ba^eT"'^*^^ rocks is thought to be about 1460 m.y. 
New K°" • ^ range correlat ions with rocks in central 
Qj. ^xico. These rocks have been grouped into the 
A„.j_ ^ Granitic Terrane and are exposed along the San 

It is these rocks that provide a framework for the in
trusion or deposition of younger rocks . 

Evidence for a period of volcanism and the 
deposition of a thick clastic sequence occurring about 
1250 m.y. ago is found in the Van Horn area in Texas 
The Carrizo Mountain Group is repor ted to be as much 
as 19,000' thick and does not appear to be repeated . 
Apparen t ages in this same age range have been 
determined in Lea County, New Mexico, but the 
relationship of these rocks to those found in the Van 
Hom-Carrizo Mountain area is unclear . Rocks of the 
Carrizo Mountain Group must have ex tended over a 
considerable area but a lack of control precludes 
tracing the rocks to the south and they are covered by 
younger Precambrian rocks to the nor th . 

T h e p e r i o d centering about 1150 m. y. is marked by 
enormous Outpourings of rhyolite and synchronous 
granite intrusions. The Panhandle Volcanic Ter rane 
includes the segmented rhyolite fields that stretch from 
Lea County, New Mexico, to southwest Kansas 
(Muehlberger .and others, 1967). The granites 
associated with the rhyolites, the Amarillo Grani te 
Ter rane , are typical of shallow epizone intrusions. 
Rock types characterizing the activity do not crop 
out. -However , a sequence of alkalic intrusions of 
equivalent age are found at Pajarito Peak, Otero 
County, New Mexico. 

The period centering about 1000 +; 50 m.y. is one of 
intense and widespread sedimentat ion and igenous and 
metamorphic activity. In the Llano area of central 
Texas, massive granitic rocks intruded into a layered 
sequence of clastic and volcanic rocks at about 1020 + 
m.y. (Zar tman, 1964). The Valley Spring Gneiss yields 
a whole rock ischron age of 1120 + 25 m.y. (Zar tman, 
1965) and is interpreted as the metamorphosed 
equivalent of the Panhandle Volcanic Ter rane . The 
very thick overlying Packsaddle Schist was, therefore, 
deposited in the interval between 1120 +_ 25 and 1020 
+ 15 m.y. 
T o the west at a sUghtly later time a different 

sequence of events were taking place in a contrasting 
environment. During the period after the extrusion of 
the Panhandle rhyolites and probably beginning about 
1,000 m.y. ago a sequence of clastic rocks and younger 
limestones and dolomites were deposited along a broad 
N-S axis in central New Mexico and far West Texas. 
These rocks, the DeBaca Terrane , are associated with 
basaltic rocks, both as intrusive dikes and sills and 
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are found at the base of the Sacramento Mountains, 
Bent Dome, relicts in the San Andres Mountains, the 
Franklin Mountains (the Castner Marble, Mundy 
Breccia and Llanoria Quartzite) and the Diablo 
Platform (the Hazel and Allamore Formations.) 

This sequence of layered rocks is intruded by 
granites and covered by comagmatic rhyoUtes in the 
Franklin Mountains area. In contrast to the passive 
environment of the FrankUns, the Van Hom area was 
undergoing strong compression and regional 
metamorphism as well as granitic and pegmatite in
trusions. The metamorphic ages on rocks of the Carrizo 
Mountain Group are in the 950-1000 m.y. range. We 
have determined three additional K-Ar ages on 

metamorphic minerals from the Car 
Group in order to more accurately def 
deformation-heating. Two hornblend 
phiboUtes interbedded with quartzofel 
yield ages of 990 + 20 and 970 + 20 m 
muscovite from a quartzofeldspathic ; 
originating as a rhyolite) gave an age of 
The rocks of the younger DeBaca Ter 
disturbed and converted to low rank me 
g., the talc of the Allamore Formation) n 
Mountain Group but are relatively ur 
the northern limit of exposures on the E 

The age determined for the granite 
the Franklin Mountain area is about 95 
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Table 1. K-Ar Ages from Rocks in Northern Mexico and West Texas 

Sample No. 
&Type 

~7n24H 

1127M 

- 1130M 

1131H 

,1082M 

1142M 

1144M 

431M 

1158M 

1366M 

1499M 

963H 

965H 

., 967M 

1155M 

1157-14M 

1157-8M 
1157-13M 

%K 

1.136 

5.031 

6.219 

1.496 

4.034 

3.991 

3.996 

3.705 

5.036 

2.023 

3.395 

1.022 
1.002 
1.000 

1.051 

.873 

.853 

.191 

.182 

.130 
.112 
.113 
.111 

Sample Size 
gnis. 

1.563 

1.499 
.342 

.340 

.808 

.838 
1.573 
1.501 
.155 
.142 
.493 
.501 
.483 
.502 

2.040 
1.996 
1.204 
1.201 
1.204 
1.242 
.801 
.101 
.401 

.3861 

.1770 

8.668 

3.733 

8.166 

8.304 
5.976 

Ar 40' 

xio-^ 
3.510 

3.338 
3.622 

3.595 
2.857 

2.932 
4.873 
4.676 

.367 

.339 
1.023 
1.027 
1.089 
1.133 
1.118 
1.103 

.9271 

.9267 

.4011 

.4247 

.2698 

.0485 

.1938 

0.910 
0.896 
0.400 

0.416 
17.23 

16.55 
.0733 

.0658 

Ar 40' 

93 

93 
99 

98 
97 

98 
96 
98 
68 
80 
89 
89 
91 
87 
87 
92 
81 
95 
89 
64 
60 
39 
59 

.96 

.97 

.94 

.88 

.98 

.99 

.67 

.63 

.4645 

.4084 

.4751 

.3072 

.3339 

.46 

.36 
74 
68 
76 

Age 
Ar^O Total x"lO^ Yrs 

874 

868 
920 

919 
295 

292 
907 
912 
304 
306 
271 
269 
293 
294 

81.5 
82.1 
84.1 
MA. 
90.4 
92.5 
91.4 

77.7 ± 2.3 
78.5 

987 
993 
971 

964 
978 

965 
56.9 

53.6 

231 + 
235 + 
266 

Location & Rock Type 

Peregrina Canyon, 
granite 

_gneiss 
Peregrina Canyon, 
micaceous 

_ijiarble 
Novillo Canyon, 
graphitic 

^chis t 
Novillo Canyon, banded 

_granitic gneiss 
Peregrina Canyon, 

_graphitic schist 
Graphitic schist 

_Aramberri area 
Graphitic schist, 

_Aramberri area 
Outcrop phylUte 
Sierra Samalayuca 
Outcrop phyllite 

_Sierra Samalayuca 

244 
255 

PhyUitic interval 
446.7-447.5 meters 
Pemex A-1 Samalayuca 

"Metagraywacke 
1365-1372.5 meters 
Pemex 1-A Samalayuca 
Amphibolite, Wylie Mts. 

_Culberson Co., Texas 
Amphibolite, Van Hom 
Mountains 

_Culberson Co., Texas 
Muscovite biotite, 
quartzofeldspathic 

_Schist, Van Horn Mts. . 
Muscovite schist, 
Caopus 
Zacatecas (anomalous 

_age) 
Three muscovite schists 

_boulders from Sierra 
_de la Mojina Chihuahua 
Mexico 

H = Hornblende 

M = Muscovite 

Ar^O is radiogenic argon 

All errors are estimated 
to be 2 per cent of the 
age except where noted. 
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addit ional ages from the granite on the western flank of 
the FrankUn Mounta ins , Table 11). Petrographically 
similar rocks in the H u e c o Mountains , Pump Station 
Hills, and samples from driU holes in the surrounding 
area have yielded ages in this range. This rhyoUte ex
trusion and epizone granite intrusion is the western 
most occur rence of a band of the segmented rhyolite-
granite complexes of different ages stretching from 
Indiana to far West Texas. This period of activity 
represents the last weU defined igneous or 
me tamorph ic event in the Precambrian of Texas-New 
Mexico. 

There are hints of younger Precambrian and 
Phanerozoic thermal activity in Texas and Mexico. T h e 
times of activity can be defined by suitable samples but 
the geographic spread of the data points precludes 
defining the significance of these periods. Some of this 
information is derived from dating igneous and 
m e t a m o r p h i c b o u l d e r s a n d c o b b l e s f rom 
conglomera te . This technique leaves much to be 
desired but nevertheless it can yield extremely in
teresting results. 

R A Y M O N D BOULDERS 

Igneous and metamorph ic boulders from a 
conglomerat ic zone in the Pennsylvanian Haymond 
Format ion in the Mara thon Basin yield Devonian ages 
(Denison and others , 1969). The evidence indicates that 
these boulders were derived from a mountainous area 
southeast of the Mara thon Basin. Our interpretation is 
that this source area, the Llanoria Mountains, had a 
core of granitic material formed by partial melting of a 
geosynclinal sequence . The partial melting took place, 
along with associated volcanism, during the Devonian. 

Our search for a source for these boulders proved 
fruitless and remains so. However , in our search, we 
found several things of interest. 

1. The Precambrian rocks found in 
Presidio County, Texas, are of a type and 
age which is common to the north and east. 
This is the last outpost of hard information 
close to the vast areas in Mexico from which 

no information is a-' 
P recambr ian . 
2. Schists at Sierra del ( 
yield an apparen t age of 1 
me tamorph ic micas. This 
rocks are , as had been p 
part of the interior zom 
system. 
3. The metamorphic s< 
Caopus - Rodeo area in n 
yield anomalously youn | 
added ano ther anomalo 
already de te rmined . A 
from the R o d e o Schist ( 
apparent age of 55 4^ 5 n 
sequence is overlain b 
d e f o r m e d a n d co 
me tamorphosed rocks de 
Jurassic and possibly as ol 
Caopus Metarhyoli te ) 
whole rock ages of form; 
220 m.y. from samples 
single small ou tc rop . 1 
similarity of the metarhyc 
boulders found in the Ha; 
is the closest approximat 
source area yet found. T 
ages a re so anomalous as 
any conclusion reached as 
The Caopus-Rodeo area- r 
most critical and puzzl 
nor thern Mexico. 

4. Two massive granodior 
the Coahuila Peninsula, s 
and Potrero de la Mula, h 
of intrusion (-200 m.y.). 
may have played a signif 
evolution of the Peninsu 
element but with only two 
dated, there is not enoug 
reach a firm conclusion, 
pears to be a major but ill--
igneous activity throughc 

Table 11. Rubidium-Strontium Ages from the Franklin Mountains and Northern Mexici 

Sample 

Number rb, ppm Sr, ppm Rb^^/Sr*^ Sr^^/Sr^^ 
Age X10^ 

Years Rock 7 

1439F 17.9 8.45 .8663 1 2 7 0 + 4 5 Granite 
Sierra J 

1250F 

1251F 

1082W 
1082 

F 

268.7 

276.9 

24.3 
208.6 

= felds 
. . .u „ 

par 

17.5 

38.2 

41.6 
78.9 

44.2 

20.9 

1.69 
7.64 

1.322 

1.002 

7.224 
.7502 

935 ± 2 0 

950 ± 25 

315 ± 3 0 

Granite 
Park ar 

Franklir 

Isochroi 
Granjen 
Peregrin 
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Mexico and extending around the Gulf 
Coast to Florida (Moody, 1949; Kidwell, 
1949; Flawn and others , 1961; MLxon, 1963; 
Milton and Grasty, 1969). 

S I E R R A J U A R E Z 

At the suggestion of In. Diego COrdoba, we have 
dated granite clasts col lected from the conglomerat ic 
zone in the Cuchillo Format ion at Sierra Juarez 
(Cordoba, 1968; 1969). The vast majority of clasts are 
of fossiUferous l imestone, and it is difficult to identify 
postively any large igneous or metamorphic boulders 
on the outcrop. However , in thin sections taken from 
the conglomerate, small igneous pebbles are readily 
identified. The pebbles are mostly from a granite 
source but quartzi te, polycrystalline quartz (possibly 
quartzite), chert and possibly al tered diabase have been 
found. The granite is qui te distinctive. It appears to be 
coarse grained, showing little evidence of metamor
phism. Microcline and quar tz make up the majority of 
the pebbles. The pe t rography of the pebbles suggests a 
source decidely different from the rocks cropping out 
just to the north in the FrankUn Mounta ins . 
• We separated microcline from several of the larger 
petrographically identical pebbles . The Rb-Sr age of 
1270 + 45 m.y. is probably a minimum age for the time 
of formation of the microcline (Table II). The age 
shows that the pebbles are not derived from the 
Franklin Mountain 950 m.y. province but from some 
older sequence of rocks . The closest possible source 
area known to contain rocks of this type and general 
age is the Burro Uplift of southwest New Mexico. 
Whether this was a possible source in CuchiUo time is 
not known. 

SIERRA S A M A L A Y U C A 

The rocks at Sierra Samalayuca, about 55 km south 
of Juarez have been the source of much speculat ion. 
Because of the low rank metamorphic features evident 
from the outcrop, the rocks have been regarded as 
"old," possibly Precambr ian . 
_ Berg (1969) has descr ibed the, rocks of the Sierra. 
P e exposed fold is 19 km. long striking N60W and rises 
about 410 m. above the surrounding area. Pemex 
mea.sured a sequence consisting of approximately 1080 
"1- of sandstone, conglomera te , and shale. The 
conglomerates and sandstones are from a few cen-
' 'meters to 3 m. in thickness, whereas the shale beds are 

to 20 cm thick. Shales are widespread. The 
conglomerate is more c o m m o n on the northeast flank 
° the southeast half of the anticUne. Lithologic 
^ undanes are sharp with no evidence of graded beds. 
' o channeling or scouring was found. Where sand-

° " " ""erlie shales, load casts are common . Berg 
^^ggested all these features were indicative of a sub-
hat"" '^h^" "^fh a source to the northea.st. Fossil shells 
concl " found in l imestone clasts in the 

, gomera te but no other fossils have been found. 
ubiqV- '" '^ '^ '^" ' 'Ph'c effects are of low rank but are 
and nh°"^- ^^'^^ '•eports chlori te, sericite-mu.scovite 
"iineral^"^Ti? '^ ^^' ' 'ety of muscovite) as metamorphic 
'he fold' foliation is parallel to the axial plane of 

VVe h-
samnjp. T ^ examined numerous thin sections of 

. "H'CS I r o m tUa . . . . . 

several intervals from the well driUed by Pemex at 
Sierra Samlayuca. The following conclusions and 
observations can be based on the petrographic study. 

The rocks are ra ther coarse and poorly sorted, shaly 
(phyllitic) intervals are relatively minor and nearly 
lacking as well defined beds in the subsurface samples 
examined. Most of the samples are here classified as 
metagraywackes. Diverse sand size clasts are set in a 
recyrstallized clay matrix now a mosaic of sericite and 
chertose quartz. Sericite shreds invade the rims of 
sandsize quartz clasts. Foliation is m a r k e d in the 
phyllitic beds but is poorly defined in the sandy in
tervals. FoUation is parallel to bedding in every thin 
section examined. The subsurface samples are 
characterized by an a b u n d a n c e of a colorless to pale 
green chloritic mica present as large clast-like masses 
of superior size. These average 0.4-0.7 mm in length 
and are composed of coarsely crystalline colorless 
chloritic mica inter layed with lesser sericite. These 
clast-like entities are about the size of the largest quartz 
grains; they are e longa ted in the plane of bedding-
foliation but the mica cleavage is generally at a high 
angle to foliation. These chlori tes are not in terpreted as 
detrital as they are now but may have been detrital 
chlorite recyrstallzied and sheared during metamor
phism. 

Quartz is the most abundan t recognizable sand-size 
clast. Plagioclase is considerably less c o m m o n ; 
microcline is rare . Many quar tz clasts are highly 
angular. Opaque clasts are common , they appear to be 
mostly magneti te- i lmenite and pyrite. The opaque 
minerals outline bedding on a delicate scale. Car
bonaceous material is found as specks in the sericitic 
bands. Calcite is i r r egu la r ' in occur rence but locally 
abundant in in tergranular masses as well as distorted 
clast size pellets. Fo rmer clay pellets, probably rip up 
clasts, are now highly dis tor ted and squeezed. Minor 
amounts of the heavy minerals sphene, zircon, tour
maline and epidote are found in addition to abundant 
opaque grains. Anhydr i te is found as a secondary 
mineral in the core at 1365-1372.5 m. 

The lithic debris in the cobble and boulder size 
fractions represents a number of types. Chert is the 
most common rock types. These cherts are not l ineated 
but have equigranular quar tz mosaic between 0.02 and 
0.07 mm in d iameter . Dolomite rhombs are common 
scattered through the cher t . Clasts of igneous origin are 
more common than cher t in some beds but are 
generally subordina te . These are of diverse rock types 
but are characterist ically of a quartz-poor composi t ion. 
Trachyte porphyry, diorite, altered ba.salt-andesite, and 
les.ser tonalitic, rhyoltic and granitic clasts have been 
identified. Quar tz i te pebbles are also present . There 
are metamorphic effects in the igneous clasts (par
ticularly true in the core at 1365-1372 m). These are 
most marked in the fine grained clasts such as t rachyte 
porphyry and are character ized by sericite shreds 
formed in the g roundmass in the general plane of rock 
foliation. 

Although there is no difference in the assemblage of 
metamorphic micas on the surface and in the drill 
samples, the subsurface samples have a considerably 
higher degree of crystallinlty with the lowermost core 
showing the most m a r k e d metamorphic effects. 
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estabUshing the age of deposition more precisely than 
Phanerozoic or the age of deformation as other than 
post-Neocomian. The isotopic evidence (Table 1) is 
reasonably consistent when the divergent samples are 
considered. The youngest apparent age is 78 + 2 m.y. 
from the Pemex 1-A Samalayuca bottom hole core at 
1365-1372 m. Two outcrop samples coUected at the 
southeast end of the Sierra have micas giving ages of 82 
± 2 and 84 + 2 m.y. A core taken at 446.7-447.5 m. 
contained micas yielding an age of 91 + 3 m.y. The 
three younger ages had between 3.4 and 5.0 percent 
potassium, whereas the mica giving the older age had 
only 2.0 percent potassium. This suggests that the 
samples giving the younger ages were more pure mica 
separates. If this is the case, then the younger ages 
should be more reliable. These apparent ages are mid-
Late Cretaceous (Santoniari-Coniacian) in the timescale' 
proposed by Casey (1964) and this age is regarded on 
the available evidence as the most Ukely time of 
metamorphism of these rocks. 

We interpret the metamorphic effects as having been 
imprinted on the rocks while they were under sub
stantial load and undergoing higher-than-normal 
temperatures. The lack of these features in the 
Neocomian rocks exposed immediately to the north 
leads us to three conclusions. First, they are in fault 
contact. Second, that fault is most Ukely a thrust fault. 
Third, the age of deposition is Jurassic or older. The 
first conclusion is based on the horizontal juxtaposition 
of metamorphosed and unmetamorphosed rock. The 
second conclusion is reached on the premise that 
during strong compression, shown by the low rank 
metasediments, the most likely type of fault is a thrust 
dipping under the Sierra. The second conclusion is 
based on the idea that high temperatures and pressures 
indicate deeper burial - deeper than the un
metamorphosed Neocomian age sedimentary rocks. 

Thus, we conclude that the sedimentary rocks at 
Sierra Samalayuca were deposited in pre-Neocomian 
time as a possible submaTine fan wi thasource to the 
northeast that is not exposed. These rocks were sub
sequently folded, thrust and metamorphosed in early 
to mid Upper Cretaceous time and brought to their 
present level in juxtaposition with unmetamorphosed 
rock of Neocomian age. 

SIERRA DE LA MOJINA 

Bridges (1964) described the conglomerate at the 
base of Sierra de la Mojina. The conglomerate Ues 
beneath Cretaceous (Albian) limestone. Bridges 
estimated the composition of boulders as: 70 percent 
quartzite, 20 percent schist and gneissic quartzite and 
10 percent vein quartz at the south end of the outcrop 
and 30 percent quartzite, 60 percent gneissic quartzite 
and schist, 5 percent limestone, and 5 percent vein 
quartz in a locality farther to the north. The largest 
boulder found by Bridges is about 30 cm. in diameter, 
whereas the average is about 8 cm. A few clasts of pink 
rhyoUte as large as 15 cm. were identified by Birdges at 
the northern location. Only a few thin sections were 
studied by Bridges, the estimates and identifications 
being based on megascopic examination. 

W P . r ^ r . U t ' f . i o A . . . . ' — ' J • " - - • ' 

km. north of Bridges' locaUties and mad( 
of each. Most of the boulders coUecte 
metarhyoUtes or were quartzofeldspathic 
have a rhyolitic bulk composition but in v 
igneous texture can be identified. A fe-« 
metamorphosed rhyoUte were coUected 

Thirty-five clasts were examined pe 
from the conglomerate in the vicinity soi 
manganese mine at the base of the Sien 
mine road south of the mine. These boul 
collected to show distribution of rock t 
selected from the larger boulders which 
they might be suitable for dating. The cl 
are mostly quite uniform - they are musi 
zofeldspathic schists. Relict phenocrysts o 
recrystaliized quartz, plagioclase and 
perthite are set in a groundmass of < 
oriented to granoblastic quartz-micro 
These textures show a clear-cut origin 
rhyoUtes. Muscovite is in variable amou: 
than 5 percent to more than 20 percent, 
crease in musco-vite the evidence of reUcl 
fades. Several boulders have compar; 
feldspar and very abundant muscovite; th 
properly called muscovite schists. The 
mineral of significance in the quartz 
schists is hematite as smaU granules an 
between grains. Calcite is an irregula 
mineral in replacement masses and veins, 
pronounced and is generally marked by m 
bands. The bands are locaUy deformed 
ampUtude microfolds. 

A few specimens of rhyolite si 
metamorphic effects can be found in the cc 
These clasts have quartz and feldspar phenc 
a fine quartz-feldspar groundmass. Sericitic 
iron oxides are common in the grouni 
sericite is not dimensionaUy orientec 
groundmass is a structureless felsophyric i 
Calcite is an irregular replacement and vi 

Bridges generously loaned his thin s 
boulder coUection so it might be compare 
collected along strike to the north. Seven t 
cut from these boulders show a different roc 
is common to the north. These are mo 
muscovite in composition - essentially 
schists. Foliation is weU marked and this i 
into weU defined chevron folds. One rh 
(collected by Robert Pavlovic) in Bridges 
(our No 1416, Table III) was dated as Pen 
age of formation. Thus there appears 
significantly different suite of boulders al 
even taking into account the smaUer 
boulders collected to the south. 

We have dated eleven whole rock sai 
metarhyoUtes in order to determine the time 
extrusion. The results (Table HI) yield a > 
isochron. 

A least square fit of all points yields an is 
of 747 ± 74 m.y. with an initial Sr87-86 valu 
.017. The extremely low value for the in 
obviously in error and is caused by les: 
samples falling weU below the isochroi 
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most nearly falling on a single line and a fixed initial rat io 
of .706. The fit of these seven points yields an isochron 
age of 695 + 10 m.y. We do not at tach any significance 
to the very small error in the slope calculation because 
four points were rejected for the calculation. 

Isochron plots are based on the assumptions that all 
the .samples have the same age and the same initial 
Sr87-86 ratio. In the present case of the 11 boulders 
either or both of these assumptions may very well be 
false and this could explain why the 1 1 points do not all 
fall along a straight line. Perhaps a more likely ex
planation is weathering, a process to which boulders 
are, of course , particularly vulnerable. It is well known 
that weather ing tends to lower measured isotopic ages 
and that whole rocks are especially susceptible. 

The 11 boulders were chosen for petrographic 
similarity. In spite of the fact that they were also chosen 
for apparen t freshness, the petrographic similarity is 
great enough that we believe the point scatter is en
tirely due to weathering and that all the boulders were 
originally part of a single rhyolite which was formed 
approximately 700 m.y. ago, say 700 + 100 m.y. 

One whole rock age from an unmetamorphosed 
rhyoUte boulder yielded an age of 246 ± 42 m.y. 
(Permian). Bridges (1964, p. 87) had suggested that 
these rhyolite clasts were derived from Las Delicias, 
Coahuila and Minas Plomosas where the stratigraphic 
age is Permian. 

Muscovite was separated from five boulders in order 
to de temi ine the time of metamorphism. Three K-Ar 
de terminat ions (Table 1) yielded ages of 2 3 3 + 5, 249 + 
10, and 266 + 5 m.y. Two Rb-Sr muscovite-whole rock 
isochron ages (Table III) were in general agreement 
with the K-Ar results, 258 ± 6 and 287 -±_ 5 m.y. Thus, 
although there is considerable spread in our muscovite 
dates, they are all Permian within analytical error. 

The results are interpreted to indicate that the source 
of the boulders is a crystalline area in which late 
Precambrian rhyolites were common; These rhyolites 
later underwent a regional metamorphic event in 

Permian time which changed them 
character . Some unmetamorphosed 
likely with a Permian age of extrusion 
source area. 

The Precambrian age of fom 
melarhyolites was anticipated by Brid] 
age of metamorphism was not. She 
Company determined an Rb-Sr isochr 
15 m.y. (reduced to the decay constai 
fractions from boulders at Mojina (rep( 
1970). We cannot say with certainty 
significantly different because we did n 
suite of rocks collected from the sarr 
two muscovites dated by Rb-Sr are su 
favorable for analysis than those c 
Although one of our K-Ar ages is sub 
than the Rb-Sr determinations, the otl 
good agreement . We conclude that , 
available data, Permian is the most prob 
time of metamorphism. 

We interpret the metamorphic effec 
boulders to indicate a basement-inv 
metamorphism involving intense co 
deformation. The abundance of the bou 
and distribution suggest a nearby source 
a hearty type - those most likely to with: 
However, the apparent difference in cor 
strike suggests thai there was incomple 
lack of mixing may be due to separate 
example, coalescing fluvial fans. We 
evidence of a "nearby" source which is i 
not more than 25 miles distant. 

We know of no other evidence to 
Permian orogenic-metamorphic episoc 
we know of none against it - there are ve 
the character of the Paleozoic in nortl 

CUIDAD VICTORIA ARE 

In several deep canyons northwest ,o 
toria, Tamaulipas a wide variety-

Table III. Rubidium-strontium ages of boulders from Sierra de la Mojina, Chihuahua 
Sample Rb Sr Age 
Number ppm ppm Rb 87 Sr 86 Sr 87 Sr 86 of ŷ  

I157-2W 
1157-6 W 
1157-lOW 
1157-15W 
I157;I8W 
1157-2IW 
1409-IW 
1409-lM 
1409-2 W 
1409-3 W 
1409-5Z 
1409-m 
1409-6 W 
1409-8 W 
1416W 

W = whole rock 

M = Muscovite 

263.6 
228.5 
415.9 
147.6 
295.6 
527.0 
305.3 

•832.5 
473.4 
524.6 
225.6 
907.8 
441.1 
328.7 
151.4 

62.6 
63.2 
61.4 
36,4 
37.3 
48.6 
38.9 
17.4 
38.0 
46.9 
28.8 
11.1 
51.8 
77.9 
41.4 

12.15 
10.44 
19.56 
11.69 
22.87 
31.28 
22.68 
137.9 
35.97 
32.23 
22,58 
236.8 
24.60 
12,17 
8.49 

.8236 

.7942 

.9127 

.7915 
9480. 
.961 S 
.9339 

1.373 
1.082 
1.061 
.9197 

1.827 
.8865 
.8293 
.7369 

652 
359 
711 
493 
712 
550 
655 
258 
703 . 
740 . 

187 
495 , 
681 
246 , 

Initial Sr 87 86 = .706 
* Isochron aye hiiiifrl iin d n n 
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metamorphic rocks are exposed. These rocks are in 
fault contact with unmetamorphosed sedimentary 
rocks of Paleozoic age. AJl these rocks are un
conformably overlain by folded Jurassic and 
Cretaceous rocks. 

Carrillo (1961) has provided the definitive work on 
these older rocks. The general description that foUows 
is taken from CarriUo, except where noted. 

There are two types of crystalUne rocks exposed in 
the canyons, granitic gneisses and graphitic schists. The 
sequence of granitic gneisses is exposed in NoviUo, 
Peregrina, CabaUeros and Santa Lugarda Canyons. 
Fries and Rincon-Orta (1965) named the sequence the 
NovUlo Gneiss. These banded gneisses contain 
abundant hornblende, biotite and garnet. The foUation 
in the gneisses is generally NW-SE with high to 
moderate dips, generally to the northeast. Fries and 
Rincon-Orta cite a N45''-70° W strike with consistent 
dips of 70°-80° to the northeast in Novillo Canyon. 

The gneisses and other rocks are always in fault 
contact except for minor rocks intrusive into the gneiss 
sequence. Numerous basic dikes are found paralleUng 
foliation in Canon del Novillo. At the headwaters of 
Canon de Caballeros there is a mass of granite intruding 
the gneisses. 

The gneisses had been regarded as Precambrian by 
previous workers due to their proximity to un
metamorphosed Paleozoic sedimentary rocks. Fries 
and others (1962) discuss in considerable detail the age 
relationships and the opinions of previous workers in 
the area. 

Fries and others provided the first conclusive 
evidence that the gneiss is of Precambrian age. A 
biotite from a granitic gneiss in Canon de la Peregrina 
yielded a K-Ar age of 740 + 25 m.y. Another biotite 
from a sheared granitic rock intrusive into the gneiss 
yielded an age of only 150 + 10 m.y. It should be noted 
that this biotite yielding the apparent young age 
contained only 1.76 percent potassium which suggests 
an impure separation or alteration. 

We have determined three K—Ar ages, two on 
hornblende separates and another from a phlogopitic 
*hite mica. These results are shown in Table I. The two 
hornblende ages 871 ± 18 m.y. and 910 + 18 m.y., are 
"1 general agreement with the white mica age of 920 + 

•y- The hornblendes are from granitic gneisses, the 
*nite mica from a marble zone within the gneiss 
Equence. We regard these ages as mdicating the age of 
Metamorphism for the gneissic sequence is about 900 
. -y- The age of sedimentation or original igneous 

trusioii for the rocks from which the gneisses were 
enved is unknown but is clearly at some eadier time, 

^"e determination of the earUer age of intrusion wiU be 
hom^^^ 'ask due to the difficulty in obtaining fresh, 
^̂  mogeneous and representadve whole rock samples 
^om the available exposures. There is no satisfactory 

topic method by which the possible age of 
^dimentation can be determined. 
^ the samples examined in this study the grade of 
'ypiSr^t!"^"" "̂  generally high. The rocks are 
bands .̂̂  ^"*^^^ ^ * h femic minerals segregated into 
zones ^-p^''"^''"8 ^ ' h more pure quartzo-feldspathic 

Sranular ^ .K^^-"^^ "̂"̂  generally hypidiomorphic 
uidr With dime 

°tnerminf.,-oi„ 
lensional orientation of quartz and 

in others. 
The typical assemblage for the quartzo-feldspathic 

gneisses is quartz-plagioclase-microcline (perthite) -
garnet - pyroxene-hornblende. The identification of the 
assemblages is made difficult by severe to incipient 
retrograde effects. This is manifested in chloritization 
of femic minerals and garnet. The plagioclase is 
commonly turbid with alteration but appears to range 
in composition from intermediate oUgoclase to calcic 
andesine where the composition can be determined. 
Both relatively pure microcUne and weU defined 
perthite are present. The garnet is typicaUy red in color 
and is partially to extensively chloritized. 
. Calcareous rocks are interlayered with the quart
zofeldspathic gneisses. These have a diverse assem
blage but are generaUy characterized by carbonate-
magnesian white mica and irregular amounts of garnet, 
and diopside. The garnet is extensively to totaUy 
converted to a colorless chlorite in several samples. 
The assemblage is interpreted as indicating high partial 
water pressure during metamorphism and during 
retrogressive cooling but the assemblage is not 
diagnostic as to metamorphic rank because the bulk 
composition did not allow the formation of rank 
sensitive minerals. 

The assemblages of both the calcareous and quart
zofeldspathic rocks suggest that the metamorphic 
grade is near the amphibolite-granulite facies boun
dary. The critical and diagnostic mineral assemblage of 
Buddington (1963) which is accepted by Turner (1968) 
as defining the boundary is that of a basalt bulk 
composition. This rock type has not been examined 
and may not be present in the represented starting 
compositions of the terrane. The assemblages found in 
the Victoria area are typical of those found elsewhere 
in what Turner (1968) described as the amphibolite-
granulite transitional facies. It is concluded that the 
gneissic rocks in the Victoria area are most nearly in 
this facies. This is a higher metamorphic rank than is 
found in basement rocks in the southern continental 
interior of the United States. The Novillo Gneiss is 
much more typical of shield rocks and represents a 
deep erosional surface cut into the basement. 

The origin of the gneissic rock is equivocal but there 
is evidence to bear on the question. The relatively 
massive character of the gneiss sequence and its almost 
totally granitic composition are suggestive of an 
igneous origin. However, the interlayered calcareous 
bands are difficult to explain with an igenous origin. A 
small but consistent piece of evidence seen in thin 
section is interpreted as definitive. The shape of the 
zircons in virtually every sample seen in the gneissic 
rocks are rounded. The size, shape and distribution of 
these zircons are much more typical of sedimentary 
than of igneous rocks. It is concluded that the larger 
part of the gneiss sequence found in this area is of 
sedimentary origin. The bulk composition would 
dictate a sequence of quartzo-feldspathic rocks with 
lesser peUtic and calcareous intervals. This does not 
preclude the possibiUty that there are some igneous 
rocks in the gneissic sequence. Indeed Carrillo (1961) 
reports that there appear to be some massive 
premetamorphic intrusions of the gneisses. 

Graphitic micaceous schists are found in fault 
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rocks. The schists are exposed in several canyons 
where the gneisses are not present. This sequence of 
rocks was named the Granjeno Schist by Carrillo (1961, 
p. 7) for the exposures at Cuchillo del Granjeno in 
Peregrina Canyon. 

The strike of foUation shown in the map of CarriUo is 
very consistently northwest-southeast with vertical or 
steep dips in either direction. Fries and Rincon-Orta 
cite a N 30" to 45''W strike with general dips to the 
southeast at variable incUnation in Novillo Canyon. The 
general structural grain of the schists is, therefore, 
roughly paraUel to that of the gneiss although 
somewhat discordant where Fries and Rincon-Orta 
made measurements in Novillo Canyon. The repo
rted assemblage is sericite-chlorite-quartz-feldspar with 
iron sulfides, calcite and some graphite. Numerous 
deformed quartz veins are present in the dark schists. 

Carrillo was not able to establish an unequivocal 
stratigraphic relationship of the schist to the 
surrounding rocks. But it seemed reasonable to con
clude that the schists were older than the lower 
Paleozoic sedimentary rocks (definite Silurian is 
present and possibly rocks as old as Cambrian-
Ordovician) and perhaps younger than the gneisses. 

The samples collected for this study from the 
Granjeno Schist show a consistent mineralogy. The 
typical assemblage is quartz-muscovite-chlorite-(albite-
rutile - iron sulfides-graphite-gamet). Albite occurs as 
porphyroblasts as weU as a mosaic with quartz. These 
porphyroblasts have trails of opaque specks which 
show they have been rolled during growth. Muscovite 
is in well formed books or in a sheaf of shreads having 
very marked preferred orientation. The muscovite is 
found both free of opaque material and heavily masked 
by graphitic specks. Small garnets and rutile are locaUy 
present. Chlorite makes up a lesser part of the mica 
fraction and is generally less weU crystalUzed than the 
muscovite. 

The assemblages are typical of the lower greenschist 
facies. It is concluded the Granjeno schist is a product 
of low rank metamorphic processes. This is in contrast 
to the much higher grade of metamorphism seen in the 
gneisses. 

A K-Ar age was determined on a muscovite from a 
schist found in Caballeros Canyon (Fries and others, 
1962, p. 63-64). The apparent age of 315 + 10 m.y. was 
not fuUy understood and Fries and others suggested 
that it might be due to a local heating in Mississippian 
time, although a metamorphic event could not be 
discounted. There were too few data to support a firm 
conclusion. 

Later field studies by Fries and an additional age of 
310 + 10 m.y. on a muscovite from a pegmatite (Fries 
and Rincon-Orta, p. 99-103) led to a reevaluation of the 
available information. The muscovite was collected 
from a pegmatite at the contact between the gneiss and 
the schist. Fries and Rincon-Orta noted that the NovUlo 
gneiss was a very much higher metamorphic grade 
(they described it as granuUte facies) than the green
schist facies exhibited by the Granjeno schist. The 
muscovite formation was later than the schist for
mation and, in Fries' and Rincon-Ortas' opinion, after 
faulting. They concluded that the determined ages 
from the schist were caused by local intrusive activity, 
that the most probable age for the srhict f,-,rrr,at;,^.. ..,-.-

in the Precambrian, and the faults separatin 
and schist were of great magnitude (th 
meters). 

We have determined three K-Ar ages (T 
one Rb-Sr age on rocks from the schist. Th 
ages from the Victoria area are on the 
fractions of graphitic micaeous schists. Th 
305 ± 6 and 294 + 6 m.y. are in substantia! 
with the Rb-Sr age determined from the are 
rock muscovite isochron of 316 +̂  30 m.y. w 
on the same schist which gave a 305 m.y 
(Table III). Another schist was dated fro 
about 65 km northwest of Cuidad Victo 
(1963) has described and mapped two s 
outcrops between Aramberri and La Escono 
Leon. These schists are well exposed benea 
Limestone (Jurassic) in Arroyo Cantader 
extensively caUchefied by calcite. 

The isotopic results from two sampl 
moderate disagreement. Two mica sepai 
samples collected within 10 meters of one an 
K-Ar ages of 270± 5 and 294 ± 6 million' 
older age falls weU within range of those dete 
the Granjeno schist. We believe the two schi 
were formed synchronously and that they she 
yielded identical ages. The apparently , low 
tributed to weathering (caUchefication) alth< 
is no significant petrographic difference in tl 
nor is the potassium content of the dated 
substantially different. 

Though lacking precise consistency, the 
suggest strongly that the graphitic schists frc 
area were metamorphosed in Permian-Peni 
time. This raises a problem of how a sequence 
arrived at their present location in juxtapos 
Precambrian rocks which show no isotopic ei 
reheating and pre-Pennsylvanian sedimentary 
showing recognizable metamorphic effects, 
the gneiss, schist and Paleozoic sedimentary 
always in individual fault blocks, there is not a 
of defining the vertical sequence of rock u 
clear that one or more of the units have been t 
this area. The schists must be in fault contact 
the gneisses and Paleozoic sedimentary rock: 
neither unit records the metamorphic,event c 
the schist. If the true vertical sequence is the 
the bottom, Paleozoic sedimentary rocks in tl 
and schists thrust on top, then only one fault is 
- at the base of the schists. Any other ex 
requires a series of imbricate thrusts. If the 
explanation is correct it follows that the schi 
are grabens, not horsts. 

Only detailed structural work will de 
direction from which the schists came. Ho 
seems clear that the schists represe 
Pennsylvanian sedimentary rocks (dominantl 
and a significantly different facies and thickne 
found in pre-Pennsylvanian of the Ciudad 
area. It is concluded that the schists have been 
considerable distance to their present posit 
schistose sequence has all the characteristi 
interior zone of the Ouachita system. The sin: 
the Granjeno Schist in composition, appearan 
and age of metamorphism to the interior zone 



•:̂ %* 'V. ^--fl^VT^ . ' --^ ;«-.' >jif ,H%,.' ̂ - ^ ^ ^ ^ ' ^ ; ^ ^ / - < - /^ 'V- . i3?y-'*«^n-»?-*^.*^y. ^ v"S£s«p,^-'^ 

the 
r, it 
pre-

and are not implying any relationship between the two 
rock units. It is over 400 km. from the Aramberri area 
to the nearest weU penetrating interior zone Ouachita 
rocks. Any correlation over such vast distances must 
[aU into the realm of speculation. 

The NW-SE structural grain of the Precambrian 
rocks is simUar, if not exactly paraUel to every other 
structural direction. This includes schist foliation, dike 
directions, Paleozoic fold axes, pre-Upper Jurassic fault 
directions and Laramide fold axes as shown in 
CarrUlo's work. 

Similar Precambrian granite gneisses are exposed 
about 250 km. south in northeastern Hidalgo. The 
structural grain of these rocks is also generaUy NW-SE 
with northeast dip from 15-70° (CarriUo, 1965 and 
Fries and Rincon-Orta, 1965). The only age from these 
rocks, a 1210 + 140 m.y. lead-alpha age on zircon, may 
be a maximum if these zircons are detrital in origin 
from a paragneiss. 

These two outcrops are the closest occurrences of 
Precambrian rocks to the present Gulf of Mexico. Any 
synthesis of the evoluation of the Gulf must take into 
account both these ages and structural directions. 

CONCLUDING REMARKS 

We can see from the foregoing that the basement 
rock history in this Texas and northern Mexico area is 
complex but not completely indecipherable. The 
greatest factor which presently limits our un
derstanding is the extremely -wide geographic 
separation between the various pieces of hard in
formation. There is no obvious ready solution for this. 
No known outcrops in this area are unstudied, although 
some, such as the Caopus-Rodeo, remain enigmatic. 
Few holes are likely to be driUed to basement "m the 
near future in areas peripheral to the known 
Precambrian areas. There remains the technique of 
dating boulders from conglomerates. With all the 
shortcomings (both in principle and detaU) of this type 
of dating, it nevertheless offers the best immediately 
applicable method for obtaining information about the 
basement. It may be particularly helpful in northern 
Mexico. 

The southwestern United States and northern 
"Mexico show widespread igneous activity at several 
periods in the Mesozoic and Tertiary. These periods of 
.activity are just now being unraveled as the results of 
•Jiore detailed field work in association with isotopic 
dating become avaUable. For the most part this activity 
uoes not appear to be of the "basement" forming type, 

Jt̂ g for the most part characterized by localized 
epizone intrusions and associated vulcanism. The 
activity has continued essentially to the present as 

enced, for example, by numerous very recent 
. °^^altic cores and flows in New Mexico. 

ANALYTICAL TECHNIQUES 

^^^reliminary determination of Rb and Sr contents 
made by x-ray-fluorescence analysis. Samples 

and^PM? for this study were spiked with enriched Sr86 
brou h ^^ and dissolved in HF, allowed to dry, and 

"ght back into solution by complexine the fluorides 

with a mixture of H3BO3 and HCl. Unspiked por
tions of the samples with low radiogenic Sr enrichment 
were dissolved in the same manner. Separations were 
made on ion-exchange columns with the aid of Rb and 
Sr tracers. 

All strontium isotopic measurements were made on a 
13-inch-radius 60° magnetic sector, 15.8-inch-radius 91° 
electrostatic sector, second-ordor double-focusing 
mass spectrometer, using triple faraday cup collectors. 
Rubidium measurements were made on a symmetric 6-
inch 60° single-focusing Nier type mass spectrometer 
equipped with dual faraday cup col lectors . 

The argon measurements were made on a 4.5 inch 
Reynolds-type mass spectrometer. The samples were 
fused by induction heating in tungsten or columbium 
crucibles and purified with liquid nitrogen and calcium 
at 800° C and absorbed on charcoal at Uquid nitrogen 
temperature in a break seal. A typical blank is about 
10"! 1 moles of atmospheric argon; the best are about 4 
X 10"*2 moles. 

The constants used to compute the ages are 

Rb^^ y = ] . h 7 
P 

IO'"/yrs 

Rb 

ho 

87 

K 

K 

3 

ho 

0.283 gm/gm Rb 

\ ^ = 0.585 X 10"^°/yrs 

= 4.72 X 10"'°/yrs 

= 1.22 10 gm/gm K. 

Sample date obtained from the mass spectrometers 
were processed by computer using an original program 
to calculate ratios, quantities, ages, and the standard 
errors associated with these measurements. Our results 
compare favorably with pubhshed standards (see 
Lanphere and Dalrymple, 1967). 
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. . .\BSTR.ACT , 

The rim rock of the Vieja Rim, the qiiartz pantellerile of Lord, is 
named the Bracks Rhyolite, Beneath the Bracks, the "Vieja series" of 
Vaughn (1900), which is newlj- subdivided into five formations 
named, in descending order, the Chambers Tuff, Buckshot Ignimbrite, 
Colmena Tuff, Gill Breccia, and Jeff Conglomerate, rests unconform
ably on Upper Cretaceous formations. The Vieja Group is expanded 

... to include also the Bracks and three overlying formations, named, in 
ascending order, the Capote Mountain Tuff, the Brite Ignimbrite, the 
Petan Basalt. An ancient post-volcanic gravel above the Petan ante- ; 
dates the bolson fill. The minimum hiatus at the base of the Vieja may , 

. .include part of the Upper Cretaceous, all the Paleocene, and most of 
, the Eocene epochs. The age of major faulting that created the bolsons 

ib. pre-Pleistocene, and probably most of the bolson fill was deposited 
before the end of the Tertiary Period. 

IIVTJKJDX.'CTIOrv , . , 

In 1922, Charles Laurence Baker (1927. p . '5 , fn. 1) completed a 
nianuscript on the geology' of the most inaccessible part of Texas, 
ivhich he had mapped at the rate of 35 square miles per day. His map-
pi.ng was an exploratory feat of the first order, and his account of the 
geologj-is fundamental. All geologic maps (Stose, 1932; Sellards, Ad-
kins, and Plummer, 1933b; Baker, 1935; Sellards, 1936, 1939; Darton, 
Stephenson, and Gardner, 1937: Longwell, 1944; Sellards and Hen-

• dr>ck.s. 1946; Stose, 1946) of the Rim Rock country subsequently pub
lished are versions of Baker's (1927: PI. 1), although Stovall's map 

', fStovall, 1948; 80) of part of ithas additional information. 
The Texas-Cliihuahua border region, which is still a cliallenge to 

, map makers,, was long a veritable terra incognita. The first Europeans 
(Davenport, and Wells., 1919: 248-259 and map) to visit the Rim 
ncick country were the fabulous Cabezn de Vaca and his companions, 
t^itiljo and Do.rantes, who traversed it in 1535, traveling on foot up 
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jtlu! oa.^l, hank of llio Hio (tt-atido. In 1,681, forty-six years later , J-lo-
!(lri(|(.uv/. (Holloii. 1915: 1 -i')-l'l','>), Ivv'o o ther friars, iii-iu; soldiets, 
and-,sixteen Indian scvrvaiits traveled the same route , and the Rodri-
<|n<v/ |)arl>' vvas rnllovved in 1582 by anotiicf [)arl,y .led ])y ES|K;J(1 
.( i'lollon: I (> r i7 ' ' ) ) . a vvcallliy citi-/,('n of Iiu,- (^ily of FVhixico. Tlien 
aliiKi,';! cvaclly a luiiidrcd years elaps(>(l l)('r()r(! tlu; ii<!.\t par ty , led hy 
Cai i la iniMcndo/ , ' ! (I)()li()n: ,<l(i .?2()) and preceded 15 days hy t\v(i 
ifi-i.-ns. went down llic wcsl si(l(> of the river from 1'',! Paso lo La .linilii 
i( ()iinaj.;a ) in llic, LL̂ Î half nf I )c(-cnilici- I (iS,3, recording ihc pnH-ipilons 

, liipiinrapliy • , 

well (i\'ci'f^i;(iwii wilh Icchiif^iillln so thai, it vviis not |)o,';,sil)l(' lo travi'l 
: ; , hy iii{,vhl.,' 

i lhi-cc hnndrcd years al'Icr (iahc-za dc V-aca's \7 joniiKlas. the fl rsl 
anihcnI.K- map nf ,ni\' khjd, geological or nlhcrvvisc,Was yet lo IK; 
made. I'wo ca r lv summar ies {I litchcock and Blak(>, 187'-|': 8; l l i lc i r 
<-(i(-k. I8S7) (d gc!)liici('-;i| maps of IIK; I)nil(>d Stal(;s record that Mac-
hire's <d' l,S()');iiid I ,S 17, llic l'ii-sl lo he pnlilisluvl, and .Iam(;s na i l ' s of 
I S'l > sli(i\v<'(l (inly Ihc gciildgv of I lie casi ern Sl a les and ihal ihc color-
iiig nil ,Sir (;ii;irlc,s I .yell's of I 8'15 did no! cxl(;nd mncii vv(;sl, of IIK; 95tli 
meridian. T h e lisl ciiiiliiics: Marcon, 1853; Ldvvard Hilehcock, 1853; 
Kcilli liilinsdi.i. I85(i; ;iiiil n sc(-ond iiy Marcon \\\ .Inly 1855, i(>pnh-
lishcd ill IVI,11(11 !,S5() ,111(1 ill 1858. Afler ihc r(;lni-n of jlu; I'aciHr 
Kailway (;,\])l()i-nig cxp(;(lili()ns in ISS'I-—1855, a m a p of the region 
west of the lOOlh mer id ian was compiled by C. H . Llitchcock or W . P. 
Blake and exhibited a l the mee t ing of the A m e r i c a n Association in 
Albany . New York, 1856, bu t it was never publ ished (Hitchcock.and 
Blake. 1874: 8 ) . Shor t ly af terward, the m a p of the coun t ry west of 
IIK; Mississippi compiled by .James J-Lil! (1875b) of Albany -was 
j)ni)iished. 

The g<!()l()gy of llie Rim Rock coun t ry as published for the first timn 
Oil Hal l ' s maj) wa.s based on Emory ' s bounda ry survey. Fifteen years 
latei; Hitchcock and Blake prepared a geological m a p of the United 
States dated 1872 and ano the r dated 1874. On these two most of Trans-
Pecos Texas is shown as a wide outcrop of Cretaceous rock. Sur
prisingly, the 1872 version of Trans-Pecos geology is bet ter than the 
1874, and Llail's m a p p i n g in the Trans-Pecos region is bet ter than 
either. , 

1 have not seen Hitchcock 's large wal l m a p , scale 20 miles to the inch 

' " , , , (;s f()i'-/.o,s() parar por ofrecerse el dia ,siquicnte tierra fragosa y poblada dc 
iiic,'̂ (|iiil(\ y l.Ina (le Gato aiinqiie andalilc, ,-ŷ  luego ofrecerse una Cuesta muyencuni-
lii'iiila y (Id lil paT'tc del ()ii(Milc', ociiiada, y iiiiiy potdada d(; Lcchugiiilla, casi liaslfi 
lli't;ai alliici del Nolle, y MO poclcrse andar de iioclie." 

ri.in-i,AHY r-onMA'noN.s OF HIM nociv couN-rnv o 

(il i lchcock, 1887: 482) which was ])ublished in 1881. McGee ' s m a p 
(1885: 3()'-38) of 1884, scale 112.3 miles to the inch, served as the base 
fnr Milchcock's handsomely colored map of 1886, on which the geology 
(if 'rtans-f^^cos Texas was revised once inore; but Hal l ' s version of the 
sdulhweslein par t was still the l)(;st to dale. Hitchcock (1887: 4'88) 
iii'^th' <:onclnd(;d ihal 

In llic cailicr suivcys no ii.uiic sliiiids mon; proiiiiiiciit than thiil ol 
.l;iin('S liall . I | 

i iall 's nia-|> pi-ovi(l(;s iiil,er(;sliiig c,\anip!(;s of geologic e,\li-a|)olali()ii. • 
ll \v;is i)as(;d on tlu; work (if (;arly (;Npl()i-crs, who. hy sninii i l t ing spec.i-
iinii-i to g(;ologisls, had i:()rr(;r,tiy idcnliri(;(l Carhonil'ei-ous rocks, now 
(;illc(l Permian , in the;, ("iiiadalnp(;-l)(;lavvai-e Moiinlaiiis on tlu; norlii 
/IIU! ill l lujCliinali Moni i la insdn iiu; south. R(;asonahly (;ni)i,igh, all)i;it 
inroil-cclly, I-la!l joined tlu; two (uilcrops through tlu; Davis Moniir 
ijiiiis cast of llu; Him Rock coiinli y. l ie also sliowed an apocryphal Car-
l)(iiiir(;i-'()ns (-,()r(; in llu; 120-niile range in Cliiliualina iniiru;diately 
wcsj (if tlu; lUin Rock connlry, A d()-/(;n y(;ai-s lalcr Kimball (I8()9: 
i s r i remarked that 

The iniiiihcr of Cretaceous fossils collected hy inyscif W(;st of l'i(>si(lio 
7l(d Noi-|(;, fiiiih; disproves the |)osilioii of \'ir. I 'airy, vi/.., that tlu.; 
-'iiatii|-al hoiiiularics of this i)a,'':hi (near Presidio (hd Norlc) coiisisi 

, of iri'cf,viilai- moimlain laiijics coiiiposed piiiicipally (d' caiboiiircroiis 
liin(;sloiu; siniilai- lo that S(;(;n above" (near lil Paso), But Dv. Parry 
(1857: 50) in this matter seems to follow Prof. Hall (1857a: 110) 
u-lio referred the limestone of this section to the carboniferous exclu
sively on the ground of the lithological analogy with the Carbonif
erous limestone in numerous western localities of a simple specimen 
from the rapids of the Rio Giande, in which no fossils could bo 
recognized. 

\Vlu;n St reeruwitz (1891b: 685; Geiser, 1957) crossed Vieja Pass in 
1886, he m a d e no m a p but observed wi th foresight 

that the basaltic and other volcanic rocks predominate in that portion 
of Trans-Pecos Texas, and that in all probability they are second in 
value to the Chinatti prospects and the Quitman and the Carrizo 
Mountains, as far as ore bearing is concerned. 

The topography was surveyed in 1892 (Chispa Sheet) and in 1895 
fSaii Carlos Sheet; Vaughn , 1900: PI. 6 ) . In 1904, B. F . Hi l l and 
I,i'hl(;ii published a geologic m a p of the region. T h e i r rough reconnais-
-ance vvas t ransferred to the first geologic m a p of N o r t h Amer ica 
i.^Villi.s and Stose, 1911) and the first detailed,geologic m a p of Texas 
(Lcirloii, Baker, and Bosc, 1916b). Ear l ier versions of the geology of 
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T(;xas a re sliovvn in majxs'by McGee (1885: 4 0 - 4 1 ) , the Merchanl.s' 
A.ssociiilion of New York (1901; Char t 8 ) , Simonds (1905: Fig. 2), 
and D n m h l e (N'T(;rrill,'1920: 4 9 2 - 4 9 3 ) . T h e geology of the adjoining 
((art of Cliihnalnia is not well kniivvn; il is shovvn.on Hal l ' s m a p , tho 
ma|)s of North Amer ica , the tecionic m a p of the Uni ted States, and tho 
recent niajis of N'h-xico (Flores, 1942; King , 1942: PI. 1; King, 1947: 
I . iminas I and 2; h:ardl(;y. 1951; Fig. 249, 422; G u z m a n e t a l . . 1952; 
Cai-1,1 (icdh'igica, I95(); Dia'/, and de (;s(;i-iia, 195(i: h'ig. 2 ) . I have not, 
.M'cii •'ScHdi- ,'\iit(iiii(i Castillo's ex(-,eil(;iil G<;ol()gii-al Map of Mexico, 
Mc,\i(-n, I88!)."' which-was nlili-/,ed hy W. T. Mill ( 1893: .h'ig. 2),-or 
l''lcni-\'s \\\:\\K wli i ih was (•iili(i-/,c(l hy Kimhall ( 186!): 582 and 383). 

, •, In July l«!)5' (d'ai-kcr, 18f)5b: ' 193; Vanglni , I9()(); 75; Bilha;)-,-
1957). When all 'I,'(;xas,'W(;st()r tiie hund red th meridian was wild, llio 
IVnn Uock (-(iimli-y, ah-(;a(ly had a railroad, ,Tlie J,̂ io G r a n d e Norlherii, 
a s.]){i\- liiu; llial (;,\tend(;d from Cirispa siding on the Galv(;ston, Harris-
hiiig. .111(1 San Ant()ni(), Railroad (Soul l ieni Pacific)()V(;i- (^lii.spa sum
mit ill tiic pass l)(;tvv(;eii llie Van H o r n Moimta ins and the Sierni 
Vieja, was laying track lowat-d llie coal dejjosits at San (Carlos, where 
sliafis were licing sunk. Tlie railroad reached San Carlos in November, 
hill Ihc sliafis (lid liol pciicliatx; (•,oinm(;rcial coal. Min ing hy m e a n s of 
adils was hcgmi in .lallllal•^^ I 8!)(), but, tlu; prodiu-lion was so small tJial 
the Calvcsldii . I laii-ishiiig, and San Anlonio refused to fiirnisii trans-
|idil.ilidii hccaiisc it won Id iidl he (>(-diioiiii(:al. T h e cnai cdinpaiiy hired 
an engine and may have hauled a littU; coal lK;lvve(;n . lainiaiy and 
J u n e 189(), a l though there is no record of sale. Pr ior to 1896 the Min
eral Resources volumes (Ashburne r , 1886: 68 ; Parker , 18'95a, 1895b:. 
193) gave highly optimistic reports of ant ic ipated product ion, finally 
in sun imary ( P a r k e r , 1896: 522) of the y e a r 1895, s ta t ing t ha t 

The San Carlos mines in Presidio County did not get out any conk 
coimiieicially, hehire the (:I()S(; of tlu; year, the first run' over the tipple 
being iiNidc (III .(aiiiiaiy 3, 1896. 

*The aulliors of sub.'ieip.ient volurnes-not onl}^ failed to report produc 
tion hut simply ignored the subjccL {Cf., however , Ries, 1905: 105; 
H o r n a d a y , 1911; Phdl ips and Worre l l , 1913: 2 9 - 3 1 ; Phil l ips , 1915: 
2()1-2()2; Dunihle , 1916: 193; Dartori , 19.33: 120.) In 1900 the Ri" 
Grande N o r t h e r n was abandoned. T o this d a y the chief sources of 
ranch lumber unde r tlie rim are the old lies and bridge; t imbers , and 
several niiles of the old roadbed .still .serves as the ma in r anch road, 
wiiich goes llirougli the rai l road tunne l ( V a u g h n , 1900: PI. 10) <nl 
San (Carlos. , . -

' T h e i)i(;c(;ding pa ragraph migh t be taken as a pa r aph ra se of the fu-
lilc hisldiy. Sd far, of (;acli min ing prospect in tlie Rim Rock country— 

(lilrale. silver, manganese, u r a n i u m — a l t h o u g h none other has .e i i - ' 
tailed (|uile .so elaboi'ate a development as the San Carlos coal district. 
T„\ploiation for petroleum has also been unsuccessful and unavo idab ly 
>\vpe)isive in this rein()l.e connlry , but al least llie wildcat ters liave 
•(Inlh^l their d ry holes wi thout erect ing t ank farms or lay ing pipe lirics -
1(1 handle tlie oil they hoped to produce. T h e outlook for eventua l 
(li'.(-(ivery is still favorable. 

. III. 1911, VV. B. Phillips (1910, 1911a, 1911b, 1911c; Gale, 1912: 
-j.S) in,sp(;ct(;(l a nilrate; prospect in Iiu; Kim Rock couii lry near Cande
laria. vvlu;,i-(; 

ni l ra te ol soda exists as l.liili c rns ls .on a n d lliiii s cams in a ha r ( | dense 
I r a c l i y l c , o r lava. 

W ' l i l i n g i n the third pcr.son, J'liillips summed u\i liis investigation of 
iiiiniie in nor thern Mexico.and western Texas (1911b) in words of 
diMlliisionTnent:, ' ; 

He has ridd(;n inaiiy miles to se(; while encrustations on the walls of 
canyons, along arroyos, etc., in the hope thai they would jjroye to 
he wha t some enthusiastic pi-osp(;cloi- had r(;port(;d they were. Exce|)t 
for the pleasiin,; of llu; ride and the views of iin|)re.ssiv(; scen(;ry he 
iniglu, hav(; been h(;ll,er employed, 

II, ,M, H()l)iii,son (Mansfield and Boardman, 1932: ()9-75, Fig. 8) ex-
.-iiiiiii(;(l tlu; n i l ra te d(;posits at a nun ing c a m p on ( 'apole Creek 8 miles 
Nf. hy I'', of C;aiid(;iaria in August 1918 and reconnoitrod the geology 
( Kohin.son, 1918) within 5 or 6 miles of the camp. Mansfield and Vnn-
(lei-wili examined other n i t ra te deposits (Mansfield and Boardman , 
19 V2: n , Figs. 9 and 10, Pis. 9B and 10; Wooton, 1927) in the Cande-
kiria vicinity in .lune, 1928. 

i:)arion's (1933: Sheet 15) guidebook has a sketch of i hegeo logy of 
lh(; (;aslern .slope of the Sierra Vieja. T h e r e is no publ ished record of 
Sellards' (1933) t r ip through the Rim Rock coun t ry after the Valen-
tnie ear thquake of 16 Augus t 1931 or of the surveys m a d e by a nun i -
Ix'r of oil company parties in the three decades betvveen 1927 and 
1957. Among the ear ly pe t ro leum explorers were V. C. M a l e y and 
M. B. Arick; a m o n g the later, H. M. Neilson and associates. 

Ill 1932 (Stovall , 1948: 84) Baker discovered bone f ragments in the 
Kim Rock count ry . Stovall (1948: 8 5 ) , Savage, M c A n u l t y , and Lang-
Mnn collected fo.s.sil m a m m a l s in 1938 and 1940; Brown (1941: 103) 
mid liird collected,a few bones and tee th i n Novem.herT940 . Bryan 
i'ati(;r.son (Goldich and Elms, 1949: i 144-1145) and Quinn collected 
vcrlehrate fos.sils in 1946, and Goldich and Pat te rson rnade a brief 
rc(-(.miai.ssance in November 1946; Carlisle, M a n k i n , and Qu inn col-
l" ' led.hones in 1954; and .1. A. Wilson and Clabaugh, in 1956 and 
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lf)57. A ri(dd examina t ion lias indicaled llial the X marked "Fo,ssil 
Ldcal i ly" nil Sldvail 's niap aiid llu; corresponding (i(;.sci-ij)tion in the 
firsl paragi-apli of liis text must botli be wrong ; it is probable tha t his 
fossiks came fiom Big ClilT two miles fartlier we.sl;, vvh(;re Patterson 
aiulVVilsdii siihse(pi(;nlly (-,oll(;cl(;(l. , 

In 1951. I95(), and 1957 gradnafc sli idents from 'The I lniv(;rsil,y of 
rcxa,s (r)(d ' 'drd. . i957) niap|)e(i tlu; geology of tlu; Kim Kock c.oinilry in 

greater detail l i iai i 'has ycT been published. Ti te m a p p i n g in the sum-
mer of 1954 cxK-iuh'd from Lal. ,U)".()6' to 30" 2 2 ' N. .L K. P(;lersoii 

m a p p e d ipail df li|c casiern slope ol the Sierra Vi(;ja east of the iiigh 
rim. JMUii-, part ies inapped iictwecn tlu; Kio Cra iuh; and llu; liigli riii 
as hilldw,s: 0( i ' -"IO'N, C. J. Mankin inid B. J. M c C r e w ; 1() '-14' N. 
J . C . Carlisle and C; KJ Sewell ; 1 4 ' - 1 8 ' N , B. Buongiorno and J. T, 
Simtli ; 18' 2 2 ' N , K,(;, Di ic l i inand 'S . S .Mora i i . 

'I'he inappiiig in iiu; sn miners of i95() and 1957 (;xt(;iid(;(l fi-om ,sonlli 
p Lal, -iO" 22 ' to ,30" 4 ' 2 'N . Five pai-ties inapiunl belvv(!en the Rio 
(H-andcand Vieja Kin i . a s h)IJ()ws: from .sotillj of 2 2 ' to 2(i' N, D. (i, 
Kilhi-cv .nid .1. T, S(-lnileiil.erg; 2(i '-3() ' N. .1. 1). I''(;ignsdii and VV. I). 
Miller; W M' N . C . K .Cd l tonand K .C . McKinney ; 3 I ' - ' 5 8 ' N . L , W, 
Bridges and F., J. Dasch; 3 8 ' - 4 2 ' N , I'. Bra i thwai te a n d D. R. Fraiil. 
•/cn, Kdhert Allen and J. C Nichols mapped the Sierra de los Fresno,'; 
across the Kio Cra iuh; in Chilmaliua from 1 5 ' t o 2 3 ' N , iind D. 1! 
CliilleriiiK k and A. D. h'erndl, the north end of th<; Si(>i-ia I'ilares from 
34' N to llie Kio C r a n d e . T h e m a p p i n g in 1957, nor th of 3 4 ' N , is noi 
shown in the figures in this paper . 

As a resul t of the m a p p i n g , the T e r t i a r y sequence m a y be divided 
into formations. T h e purpose of this pape r is to present a local classi 
ficalion of the Cenozoic volcanic rocks to serve as a basis for further 
investigation and publication. I l m a y prove useful to those who under
take to organize the bi<jsl:ratigraphic classification o r unrave l tlio 
tectonic history or find oil. 

•» GEOGRAPHY A N D S T R U C T U R E 

, T h e Rim Rock coun t ry occupies a deep valley betvveen parallel 
moun ia in ranges . T h e ta lweg, the south-southeaster ly course of the 
Rio Grande , called Rio Bravo del Nor te by the Mexicans , descends 
about 7 feel p e r m i l e th rough this drouth-s t r icken count ry , which ha.s 
long been d ry . In 1535 Gabeza d e V a v a ( D a v e n p o r t a n d Wel l s , 1919: 
253) aslved the Ind ians along the r iver 

why they did not raise inai-/.e, and they replied that they were afrai'U 
of losing the crops, since for tvvo siu:c(;ssive y(;ars il had not raiiied.-j 
a n d t h e sea .so i i s w e r e .so ( I ry t h a t t h e m o l e s h a d ( ; a t e n t h e c o r n , so [ ' ' i l ' ' ' ' ^ " P "fRim Rocl< Country, Trans-Pecos Texas. 
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. , that tlicy did not (lar(; to plant unti l it rained very hard. And thoy 
a|s(i hegged lis lo ask lj(;av(;ri for rairi;'-^ 

All tlu',cxploi-(;i-s hiimd l,h(; ,saine xerophyles that still grow on the 
rims above the river. • i , 

iMuory ( 1857. P a r t , 1 : 5 ( ) ) . • 

was inl'oi'med, (in-gooiraiilhority, that in tlu; siimiiu;!- of 1851 a man 
(lidve a gang of iiiilles aloiig the hed of the riv(;r from Presidio dc! 
Nolle 111 l'',|- I'.iso, The hed was (Iry hir nearly the whole (lislaiicc. 
(K'casioiial poids (if vvalei-standing in places, . . .-

Nearly 5(1 years laler Dnmhle (1898: , Ml I) de.sc.riiicd llic i-iv(;r hed 

hcldw f'.i I'asd as -,1 , , ' : „ , . , 

asaiii ly phiin which is (dieii eiilii-(dy dry or with vvater standing in 
[lools. Al other times great flood.s pour down its chantu;! and spread 
(llll in the valley. . . . • - ; • 

T h e drouth then lec i i r rent has since become chronic: from McNary, 
alioul 50 miles soutli(;ast of El Pa.so, th rough the R im Rock count ry to 
Ojinaga ( Presidio ,de l N o r t e ) , , 140 miles .southeast of M c N a r y , the 
Crcal Kiv(M- now novV,s only wli(;ii ll()dd(;d by sunnn(;r cloiidbursls. 
Anv ii|isli-cam wate r spared hy llu; drouth is claimed for irrigalidii. 

T h e caslcin hoi-der nf llie Kim Kock coiniti-y. llu; Sierra Vieja, is 
ahonl half (if /i I DO mile nidiiiilaiii range alimg the 'l'(;xas hdi-(l(;|-. li'roiii 
the iidilh end of the riiiigc seven miles south of Van I Idiii, Texas , tho 
Van H o r n Moun ta ins exUMuf southward 17 miles to Chispa Summit. 
Thenci; the Sierra Vi(;ja (-ontinnes 35 miles sou thward lo C'apolo 
Peak ( C a n n c i t , 1899: 684 ,1906 : 947; 1928 Texas A l m a n a c : 4 5 ) , and 
thence on southward ano the r 15 miles to the head of P in to Canyon, 
T h e liigh Chinat i Mounta i r i s , about 20 miles long, extend from Pinto 
(Canyon to Shafter. Texas, Beyond Shaf ter the r a n g e cont inues another 
10 miles to its soull ieni end in Cienega M o u n t a i n ; 

T '•| ' 'i '('giiiilainosl(;s ((-iiiio no s e n i b i a b a n i na i z ; respondi(: i 'oniios f|iJe lo haclari por 

no pei'd(;i' lo (pic seiidiras(;n, p o r q u e dos afios a r r e o les h a b i a n fa l t ado las aguas , .v 

habia sido (d l ien ipo lan .seco (pie a todos les h a b i a n p e r d i d o los m a i c e s 1(3S topos, y 

(pK' no osai i iui lorii.ir a S(;inbi';ii' sin qiw i n i i n e r o liobiese l lovido n inc l io ; y rogi'i' 

l iannos (pie di i ( ' semos at cielo (pie lloviese y se lo logii.senios, y nosol ros se lo pioniC' 

liinos de hace r lo ansi . . . dij(3rronos q u e el c a m i n o era p o r que l rio a r r i b a hacia el 

N o l l e , y que en d i e / y s i d e io rnadas no h a l l a r i a m o s o t i a cosa n i g u n a q u e comer, 

sino una friita q u e Ha inan chacan , y (lUC la m a c b u c a n e n t r e u n a s ])icdras si aun 

des|)u(';s de lieclia (;sta d i l i genc i a n o se p u e d e r.omci', dc i ispera y seca . . . y ansi. 

si'cpiiiiios iiiicsiro ( a m i n o , y a l r a v e s a m o s loda la t i e r r a has ta sa l i r a la m a r del Sur: 

y III) liasUi a'(;storl)arn()S esUi el l e inor q u e nos p o n i a n de la m u c b a h a m b r e que 

bali.-iiaiiKis d(; pasar , como a la vc rdad la pasamos , por todas las diez y s iete •jornadas 

qui ' niis liiiUiau dicho . , , v ansi pasamos todas las diez y si(!te j o r n a d a s , y al cabo 

de eli.'is a l r avesamos cl rio, . , , ' 

• | l ' , in iAllY I 'OHMATlONS OF HIM KOClv C:oUN'rHV , 9 

The Sierra Vieja (San Carlos Sheet, 1896; Hi l l , 1899; Ganne t t , 
1002: 139; Phil l ips , 1904: 5; Simond.s, 1905: ,Fig. 133; Bailey, 1905:' 
I'is, 1, 3, 12, a n d ' l 4 ; Deu.s.sen,! 1910: 62, and 1911: 141 ; Ransome, 
1015: 335; Dntiihle, D K i : 174; Mansfield and Boardman. 1932: PL 
|(); Te.xas a lmanacs , maps of Texas, 1936 and 194'3; Dar ton . 1937; 
.Sellards and Hendr icks , (946; Blair and Mil ler , 1947: 67, 68, 88; 
l laiulhookof Texas , 1<)52, Vol. 2: 609, 780; .Texas 'a lmanacs , maps of 

Texas aild Pi-(>sid id Coi inly maps, 1 9 4 L l 9 ' f 5 , 1947. I<)'-|'9, 1951, 1<)53, 
I'.I55; Manmiond and •l'',ncyclo|)(;dia lirilaniiica allas(;s) has also been 
railed the Vi(;ja Moimtains (Livermore , 1883; Hava rd , 1886: 482, 
•l'»2; Vangiin, l<)0(): 73; Clarke, 190(1: (it); Cani ic l l , 1!)()2: 153; Si-

. iiidiuls, lf)()5:.28; flamiiidiid a lh is) , llu; Vieja P.ang(; (Ship inan , l<)2(): 
',l,!l). the T ie r ra Vi(;ja Mounta ins ((. iannett . 1902: 42, 148; Udden, 

Raker, and Rose, 1916, 1st ed.: 12, 15, 78, 101; Raker and Bowman , 
1917: 119, 124, 141 ; Raker, 1921: 25 ; .Smi th and W a l k e r , 1923, Po
litical M a p ; Texas a lmanacs , maps of .Texas, 1925, 1926, 1927, 1928; 

- .Shipman, 1926: 116; Baker, 1927: :67, 49 ; Texas a lmanacs , 1927: 57, 
1928: 338; Baker, 1928: 343, 348, 354, 355, 3 7 1 ; Adkins , 1931: 35 and 
I'ig. 7; Carter , 1931: 159; Car ter a iu fCory , 1932: 30; Sellard.s. 1933: 
115; I ' Inmmer, 1933: 8(,)1, .803; Dar ton . If)33: <)9, 10,1, 102, and Slu;et, 
I-'.; Baker, 1935: ,t5(i, 187, l .S8,Fig. 1.5 and PI. 4; Se l la rds , '1936; 
Baker. 1941: 82, 88, 89, f)();'Cdldich and h.lnrs, LMf): 1 M4-^1.14.5, Fig. 

•J;;l':il1cr, 1951: 31'2; Handbook of T(;xas, lf)52. Vol. 2: 780; M c A i m l t y , 
1955: 558; ,Rand McNally and Glydendals atla.ses) the Tio;rra Vieja 
Bange (Texas a lmanac , 1929: 347 ) , the Sierra T ie r ra Vieja (King, 
1935: 241 , 24.3, 254, and Fig. 5; Hinckley , 1947: 162, 164, 165,' 1.71, 
172, 177), the Sierra de Tier ra .Vieja (Baker, 1928: 373 , Pis. 20, 2 1 , 
22; Baker, 1941: Pis. 10 and 11) , the Rim Rock Moun ta in s ( D u m b l e , 

.1895: 3,35; D u m b l e , 1898: 485 ; Baker, 1935: Fig. 15 and PL 4 ) , and , 
i-edimdanlly, t h e Sierra Vieja Moun ta ins '(I-fill and Udden , 1904; 
Chispa,Sheet as reprinted in 1938; Jameson and F l u r y . 1949: 54; 
York, 1949: 59 and Fig. 2 ; Phil l ips and Tho rn ton , 1949: 102; Texas 
almanac, 1939: 447; Cram's cind Stieler 's a t lases) , the .S ie r ra Vieja 
Hange (Rlai r and Mil ler , 1949:. 67 ; Jameson and F l u r y ; Y o r k ; P h i l l i p s 
and Thorn ton ; Texas a lmanac , 1926: 178; Handbook of Texas , Vol. 
2: 609, 841 ) , the Sierra Viejas (Dumble , 1916; 176; Blair and Mi l le r ; 
.latneson and F l u r y ; Phillips and T h o r n t o n ) , a n d the Sierra T ie r ra •-
Viejas (York ) , and, mis taken ly , ; the . Sierra de Pi lares (Humbo ld t , 
1812b; Solm-Braunfels, , 1846a and 1936) , a n d the Chana t t e M o u n -
'aiiis (Rocssler, 1874) . ,••:... . 

The forms Viega (Gannett:, 1899, p. 706;, 1906, p. 972) and Viego . 
[ Cillett, 1921: 278-280) are due to inaccura te t ranscr ipt ion. T h e form 
yi'-io (S t reeruwi tz , 1891b:, 685 ; 1892- 3 8 6 , . a n d 1893: 175; Osann, 
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• {893: 134; Dnmhle , 1895,: 385, and 1898; 485 ; S h i p m a n , 1'926: 9,5, 
156) probably canii} fromPa.so Vicjo (Gil let t , 1925, 200 -202 , account 
of 1881; Sh ipman , 1926: 95 and 199) , now called Vieja Pass ; indeed, 
llie n a m e of tlie m o u n t a i n s ihenisclves m a y have been derived front 
the n a m e of this ohl pass. T h e vSierra Vieja is bounded b y two passes 
and subdivided by two mon; . F r o m north to south these a re Chispa 
Snmni i l , Vi(;ja Pass, the flivide belween Cajiotc Creek and Capolo 

D r a w near (-.'ajKilt;'Peak, and llu; head of i^inlo Canyon . T w o early 
m a p s (Chispa Sheet , l,S92; Vaughn , I9()0: PI, 6 ; cf. Presidio Counly 
maps in Tcxa.s, almanacs-. 1941, 1945, 1947. 1949, 1951, 1953, 195:5) 
/mply Ihal, jhe n a m e T ic rn i Vieja denoted only that, j)ai-t, (if Ihe raiij^c 
helvveen (,"lnspa Siimiin'l and Vieja Pass. Chispa Sunini i l is- niislahelcd 

,"Viei;i Pass" on Presidio ( o t m l y map.s in Texas a lmanacs , P)45, 1947. 
i94'!>.l,95L ' . '' - ' : ' • ' 
. 'I'lu; (;asl(;ni face; (d' llu; Vim Horn Moun la in s is a scarp related lo 
nnrmal iai i l l ing d d w n l h r o w n to the east. Tlu; i ior lhein and .soullieni 
parts of the sciiip join ill .i sha rp iuigli;. '('lu; no r the rn jiail (;xl<;n(ls 
ahdiil 9 miles S 10" VV lo Jlu; angle ; rrmii it, llu; ,soiillu;rn pa r t continues 
ahdiil 5 miles S '15" F to (J i ispa Summi t , l)(;yond whicli llu; norlheiii 
part of the Sierra Vieja shows the same; ti-(;nd h)r anolh(;i-,3 nnl(;s. 
, Bf;vei-,sing iiie. fealin-(;s (if llu; Van Horns , (he W(;s(ein faci; of lliP 
Sierra Vieja, llu; greal ri in, is re!al(;d lo normal fau l t ing dovvirthrovvn 
lo the west. A sysleni of large p(;rsisl(;)il faults wi th l(;ss |)(;rsisteiil 
smal ler faults paral le ls the r i m for 50 miles. T h e whole Rim Rocli 
country is an i n t e r m o n t a n e depression due to block faul t ing. T h e mean 
Ireiul of the crest of llie sierra is close to SSE, and the local variations 
fiom this ti-{;n(I a rc neilliei- marked run- persisl(;nl. 

On tlu; easl(;rii slope of llu; Sierra Vieja the s trata dip (Sellard.s 
lf)39; Selhirds and Hendr icks , 1946) eas tward u n d e r R y a n F l a t (Hill, 
1900: 9, col. 1 ) , a b road val ley of in te r ior dra inages , Capote D r a w anil 
Chispa Creek, t ha t a re not connected wi th the sea. T h e a l t i tude of thf 
Hat ranges between 4.000 and 4,500 feet above sea level. F r o m it the 
,siirfa(:e(if llu; ground rises ( V a u g h n , 1900: PI. 7) a | )proximate ly 2,000 
feet in 4 - 8 miles lo llie crest of the range , t e r m i n a t i n g in a westward-
facing precipice several hundred feet high. Belween Chispa Suminil 
and Capote M o u n t a i n this precipice ( V a u g h n : PI . 8; Baker, 1928: Pis 
21 and 22 ; Baker, 1941: PI. I I ; Hinck ley , 1947: Fig . 1; Kei th , 1950: 
xix) is the Vieja Rim. On the norllt where its crest is about 12 miles 
from and 3.000 f(;el above the Rio Grande , t he r e is a 2,()0()-foot differ-
(,'nc(; in (,'l<;va(ioii wi ih in a mi le and a half df the r i m in j)Iaces; a t Snii 
Carlos, where the r iver is 11 miles a w a y , the difference is 2,700 fefii 
(Vaughn : 75, PI. 6) in 3 mi les ; the topograpl iy of the rest of t h e coun
try from r im to r iver is u p a n d down. F a r t h e r south t h e r i m is bu t 10 

1 r.irriAHY I'OiiiMA'noiv.s OF RIM HOCK couis'TKV \ { 

miles from the r iver and 3,500 feet above i t ; this has been described 
(Shipman, 1926: 117) a.s-

(hi; highest, wihh.vst looking hluff in the lonesome .stretches of the 
Big Bend. The border bandit could stand on this bluff and look down 
two thousand feet, tlu;n onl over miles of broken, uninhabited country 
lo tin; i{io CIrande. In the opposite direction, twenty miles distant h e 

hw77" •• 
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f'9- 2. Fou/f pattern in Rim Rock counfry. 
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Al lirst look Ihc V,i(;ja i\im app(>ars to extend all tlu; way to Pinio 
Canyon , but clos(;r insiHXtioirshows that the still h igher (Capolo Rim. 
which caps (iaptdc; M o u n t a i n , is the chief r im of the southern third ol 
the S i e n a .Vi(;ja. On Kobin.son's 1918 m a p the Capote Rim is nii.s-
lah(;lled "panlcdier i le ." ft was cori-(;clfy shown above the Vieja Rim by 
Bak(-r ( I9 ' i8 : PI: 10), by CarK;!- (1931: Fig. .S2, inislah(dh;(l "Chinali 
Mis . ' : ) , aiul by Baker: ( 1941 : PL 20;,S(;e also Kei th , 1950; xix, xxix. 
and (Mid |,)apci-s ). 

T h e gr(''at valley niidcr llic Vieja Kim has many lo(-,al r ims thai cap 
lilted hld(-ks hdimded hy fanlt.s, ()iu;t')f tlu; most p rominen t is the Riick-
,shdt Rim (Hinck ley , 1947: Fig. 3)', which rises m a n y hundred fei;! 
(iircclly above the Kio ( i r a n d e in the .southern pa r i of the Rim Rock 
(-()iinl,ry (h'ig. 1) . , 

T h e western border of the R i m Rock count ry formed by the Sierra 
Pi lares and Sierra dci Ven lana comprises about half of a 120-niile 
inonntaiii langt;. niosi of vvhich is i n 'Ch ihuahua , Mexico. A t the north 
end of the, range, iir T(;xas, is llie imposing mass of the Eagle Moun
tains (Sierra Cola de Agnila of FTumholdl, 1812h; Solnis-Rraunfels. 
I8lt)a. 19^1); Slrccri iwilz , 1891a: xc i ) , about 12 niih;s w(;sl of the 
iiiirlh end df llic Van I hniis. T h e fiulio Mounla ins exl(;ii(l fiom llic 
l'.,iglc Mdiml.iiiis 15 miles S hy P. Id the Kio Craiuh; , which Iransecis 
the range in a dc(;p canyon. Tlu; d r y wash, t r ibutary to the. Hio 
( i ia i idc , helvveen llu; parallel Van I-h)i-ns and Indies is called (ifeoii 
Kiv(;r. On the-Chispa Sheet and most suh.sequent m a p s il is naniod 
C!(;im Cr(>(;k. hill lliat n a m e is no longer in locaLu.se. Streeruwitz's 
u.sage (1891a: xci and xcii) .seems to indicate t ha i Green River.Canyoii 
and ( i lemi Creek once were names of different places, whereas Baker 
(1927: 40 ; see also 1935: 139 and 201) 30 years later wrote about the 
"head of Green River (Glenn Creek) " as a single locality. . 
•> F t o m Ihe Rio G r a n d e the Sierra Pi lares extends 30 miles S by E and 
the Sierra de V(Mitana cont inues another 30 miles , whence it swings 
(ine S 10 miles Id a junction, n e a r Cuchillo Pa rado , wi th the Sierni 
( i r ande , which cont inues 25 miles S by E to the southern end of tho 
range at L:i Mu la . T h e moun ta in s are composed dominan t ly of Lovver 
Cr(;lac,eous limestoiie, which , in contrast wi lh the r im rocks, is sharply 
|ohl(;d and thrust-faulted. T h e front of the Ven tanas ri.ses s teeply frnm 
I IK; Bim Kock conn try vvithin three or four miles of the Rio Grande . Thn 
slei'p fi-diit of the p i la res is in s imi lar po.siiion expect that on the norlli 
it joins the riv(;r, and on the south the Sierra de los Fresncs s tands aso 
paillv dislincl fionlal e lement wi thin a mile of the rivei'. T h e iJCiilaiw 

from which the Sierra de Ventana probably got ils n a m e is ac tua l ly 
in the crest of the Fresnos; il vvas ment ioned in Mendoza ' s narrative- ' 
of the expedit ion of December 1683. 

Lrri-IOSl'UA-nGHAI'HY 

J'he chief r im rock, the Bracks Rhyoli te tha t caps the Vieja Rim, is 
the key to the Ter t i a ry s t ra t igraphy of the Rim Rock count ry . This is 
the quar tz pante l ler i le of Lord (Vaughn , 1896; V a u g h n , 1900: 77, 8 1 , 
82. 83, Pis. 8 and 10; Lord, DOO: 8 8 - 9 5 ) . T h e "Vieja series" as origi
nally defined by Vaughn (1900: 77; p . .81 , Resume of San Carlos scc-
liiiii) inciiuhsd all the Ter t i a ry hirmatioiis below the base of the 
Bracks, hut excluded the Bracks, al lhough Adkins (1f)33: 513) sUiled 
inaccurately thai Vaughn ' s Vieja included the [jaiiiellerite. Adkin.s 
iii.stinct was right. Vaughn was not aware of the presence of volcanic' 
rnck.s younge r than the pantelleri le. M a p p i n g in the nor thern pa r t of 
till! Rirn Rock coun t ry where the Bracks key bed is misshig has empha
sized the pract ical need for a group of all the volcanic formations. I t 
is therefore proposed to expand the Vieja Group to inc lude also the 
liiacks, the Capote Mounta in , the Brite, and the P e t a n formations. 

The Vieja rests unconformably on U p p e r Cretaceous rocks; in m a n y 
places the cont rac t is concordant,, but in others the Cretaceous rocks 
w(;r(; hdded or tliruslTfauUed prior lo Vieja deposition. T h e min i inu in 
uiu-oiddi-mity at the ha,se (if tlu; Vieja (iron]) u n d e r the Vieja Rim 
iu:ai- San Carlos probably eiihnls llu; al)S(;iu-,e of some of the II])per 
Cretaceous, all ihe Paleocene, and most of the liocene. In some other 
iinlcrops in the Rim Rock country mo.st of Upper Cretaceous is also/ 
missing. 

Ill descending order the formations of the Vieja Grotip a re : 

Petan Basalt, Brite Ignimbrite, Capote Mountain Tuff, Bracks Rhyo
lite, Chambers Tuff, Buckshot Ignimbrite, Colrncna Tuff, Gill Breccia, 
Jeff Conglomerate. 

3 • 
All exccpt jef f a n d Vieja are new names proposed in this paper ; the i r 
(lescri|)tion;s a re extracted chiefly from two unpubl i shed theses by 
Sewell and M c G r e w . To unders tand the derivation of the new n a m e s 
l(;t us refer to F igure 1, beginning at Candelar ia ( 8 . 5 - 4 1 ) . ' T h e 
mouth of Capote Creek is two niiles ups t r eam from Candelar ia . Col
mena Canyon , the next considerable t r i bu t a ry to the Rio Grande on 

•' "En vcinle y quatro dias del dho. mes y ^ano salimos de este pasage que por 
Moriibre se Ic puso N. S. dc Belen -por un Portillo que hace en los alto de una sierra 
'llli; esia de dicho pasage como media legua poco nias 6 menos y el dicho Portillo' 
linrc como'a modo de ventanas." Bolton (1916: 323): 

' iO°S,.'5'N, t04°41''W; the geographic coordinates u,sed hereinafter are all in 
iiniiules north of Lai. 30°N and west of Long. in'l',°'VV. - . 

L 
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the Anglo-American side, th ree miles far ther ups t ream (13-42) , 
called (iill ('i.-iiiydn on the San (jarlos Sli{;et, is a gap in tlu; Bucksluii 
Kim. Th(; Chambers (2().8-.38.8), and the Rooney (19-37 .2 ) ranches 
a rc N of CatuhJa i ia helvveen the river and the Vieja Rim, the Chain 
l)ei-:s headcprailers 15, miles N by E from Candelar ia and the Rooney 
2'/2 miles SI'', of tlie Cliamh(;rs. T h e Rooney ranch is dir{;ctly henoiatli 
Split Peak (Keill i . 1950: xxxvi i ) , where a trail over the high riii 
marks llic site id' an abandoned road; t ins is 8 miles N of another 
trail over the rim llial marks tht; site (d tlu; abandoned •gi-a(l(; of tho 
old Cdiintv road frcun Valen t ine lo Candelar ia via the I ' r i te hea( 
(piarlers N (d: (lapoli^ Monri tain. T h e Pe tan ranch is on the Capolo 
Kim n(;ar Pinto Canyon . Tlic; n a m e Jeff does not belong to the Rin 
Kock country.: : ' -, ' ' • 

.leff (hiigl()iiieiat('.P'7\i'\(M' (1951: 343-344) named the Jeff Con-
glonu;rale. tlu; type locality of vvhich is in the Rarri l la Mounlains ; 
aiidiit 70 miles ftom llic Kim Kock coun t ry , N E o f P in lo Canyon (2 
28) and F. of Chispa Siiiinnil, (4 '3-47) . By inap])ing outcrops, the J(;f[ 
has liccn lia(;c(l iis a pt-a{-li(;ally conli inioiis body from its type; locality 
to the iiditlicrn (Mid df the Davis Mounla ins ahonl, .30 miles Nl''. 
(iiiispa .Simmiil, I'IUM-C an,- no diilciopslol ,l(4f in tlu!S(; iiit(;iV(Miiiig 3(11 
nnlcs. 

I h c hasal ,(-otiglom(;rat(; (Bak(;i- in King, 1!)35: 2 4 3 ; Goldich ancl 
l''.lins, I9'l<): I 145) df the Vieja Group is notably s imi lar to the Jeff 
CongldnuM-ate (Eifiei;: Pk 2 ; McCirew, 1955: 3 4 - 3 6 , Figs. 9 -11 : 
Sewcdl, 1955: 17-19 , PI. 9; Peterson, 1955: 2 0 - 2 2 ) . In m u c h of the | , 
southern par t of the Rim Rock coun t ry the Gill Breccia in te rvenes be
tween the basal conglomerate and the Colmena Tuff. N o r t h w a r d the 
breccia pinches out and the conglomerate thickens, p r e s u m a b l y as tho ; 
low(;r |)art of llu; ("olmeiia Tuff grades into conglomerate , so tha t on ; 
the iidith a major [larl of the in te rva l bet,w(!en the Buckshot Igiiini-
bi i le and the base of tlu; Vi(;ja Group is occujded hy conglomerate . Il ; 
is a rguable t ha t a n e w n a m e should be given to the basal conglomeralo 
of llie Rim Rock cfiiinlry or that the conglomerate arid the luff should 
IK; (l(;scrilu;d as int(M-niigering facies of the Colmena Forma t ion , but il 
is |)i-o])osed, i ieveilheless, to use the n a m e .Jeff Conglomera le , at least 
iinlii the d<;lailed m a p p i n g on the nor th is m o r e n e a r l y complete. 

Gill Breccia .—In m u c h of the southern pa r t of the R im Rock coun
try where the outcrojis of Jeff Conglomerate are difficult to detect, the [ 
obvious basai unil: of llie Vieja ( j rou | i is a flow breccia, named herein 
llu; (fill Breccia, which allaitis a m a x i m u m thickness of 300 feet in the 
type seciion in Colmena Canyon . T h e Gill m a y be composed of a so-. * 
ri(:;s of flow bi-eccias. S e w e l L ( 1 9 5 5 : 2 2 - 3 1 , Pis. 11 -16) recognized ^ 
three rock tyfies, to-vvil: (1) m e d i u m g ray f ragments in a gray i sh red 

aciso// r/ti 

[%V] /lA-ar/vr ciP.li/i:t. 

per/.// a.*s.t/r 

^ ^ a/P//-^ /f///Moe/rc 

r i / ^ ^ i Gj-.-ii'^/. 

rv/!US T f/IUL T , 
ra/ztKcccs av oi-CRr/i/iusr e tocK 

o u r c / ^ o p o r P^.I/7-OA/ 

ool g(>ology of l?im Roct< count ry . 
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Thickness 
I lllii Di-si-riptiiiii in ji-i:l 
15 While lull: hard; slightly luididar on smrace; random joinl--

iiig pidhahly diu' i" I>ai-| to vveath(;ring , , , : . .,.; 18 
II 'I'lifi and ciiii!iliiiiirr(ilr:-\y,\\i'vvd pmple luff grading upward 

inlo red ((UighuiuMalc wilh honlders up lo "2 r(;et in diam-
(Mcr;((iiigloiii(Matc,grades upward into pah; purple liilT ,., , 10() 

M, I'li/J: light hidwii: containing iiiim(;idiis liol(;s due to 
wealli(Miiig; locally • changes t(i tnIT conghmKM'aU; and 
grades upward into (-oiigloiiuMale ,.-,•,,. 81 

\'2 . I.nil iiiii;\liiiiii-iiilr: y(41ovv; massive;; I)OIII(I(MS and p(;l)l)lcs 
••• .' '. siihaiigidar to siilii-oimd, diainel(M-1 iiu h to I fool, aV(M-agc 

5 itu lies; I'csislailt lo vvcatluM-ilig ,. .48 
II 7'////.- pale pm-|)l('; nodular; no (;vi(l(;nl bedding; locally 

mmuM-oiis holes diu; to weath(:;ring; faintly cross-l)(;dd(;d 
in a fe'iv |)l'a(:es :. ,.•: ;.,....,•.,,. : 49 

1(1 I'lifj: white; lhiti-hedd(;d; grading upward into light hrown 
tulT, tlunt upward into pah; green luff; up|)(;i-j4 feel i-(;sist-
ant and llmk-hcdded; gre(Mi tuff contains jjebbles of , 
p i i ip le , wh in ; , and (lark greiMi Inl'f .. : , ,,. 1 1 , 

11 '/ ')///; dark red; hard; beds I Idol or more thick; nodiilai- . . 1 1 • 
•S ./'ii[J: variegated, predominanily i)ale gi-(;(;n with stringins 

(d' pale purple ; 5 
7 'f'liff: pah; red piiiple with while splotches; haicl; nodular; 

some l)eds are lioneyc()ml)(;d .,, , ,., 22 
() '/'iiff: veiy hght gray (N8) , containing small, gi(;(Miish 

y(4low, i(inn(lc(l inclusions and random splotches of pah; 
| imple; massive .: 11 , 

5 :/';///; variegated, grayish red purple on fresh exposuie, . 
weatluMing to pale puiple; iiodular; very loos(;; contains 
sev(M-al ()-incli hands of greeuisli yellow tuff 11 

4 '/'//// hrrccia: matrix ,pah; r(;(l purple on fresh ex[)osuie, 
vveatlu;i-ing to light brownish gray; angular fragments 
pale green, red, broyvn, and black; massive , : . . . . , 22 

» Measured thickness of Colni(;na Tuff 448 

UNCONFORMITY. 
JEFF CONGLOMERATE: 

3 C.()tii;li)nirriitr: ((MiUMited by calcareous reworked material ; 
IxuihhMS and [)(d)bles siibroimd to round, chiefly well-
polished se(lim(MTtary-(]uart/.ite pebbles and dark-gray 
limestone p(4)l)l(;s, (liam(;ter ranging from 1 inch to more 
than 1 foot, vvith a few boulders of 3 feet, avei^age 4 inches; 
local sandstone lenses 1-2 feet long, sand is the same as 

, in Unit 2 ::,.:: ;,... : 20 

ll'iniAHV POliMATIONS OF ItlM ItOCit COtlN-IHY 19 

Thickness 
ill jeiil Unil Di-scriiiliiiii 

i • . 

'2 .SV//;(/.v/(;//(-.-dusky yellowishgiay on fresh surface W(;alhei-iiig 
to dark y(;llowis!i gray; iiiediimi-grained; calcareous; faint 

cross-bedding in j)lac(;s; grades iipwai'd iiilo conglomerale ,. 2 

Measiit-ed ihicktiess of .hdf Ci)iigloiiUMal( 

J'olal thickness ni(;asiire(l,,,,.,-,..,,.,,,,,, .-.. :.., 520 

BASK. OF VIP..IA GBOUP. ' * —, 
1JI'1'1''.K CKETACEOUS MAUL: . i 

I Marl : liixrk yellowish orange ou weathered surface, medium 
yellowish-orange on fresh exposure; niassive; locally con
tains gypsum and irr(;gular concretions; in places bears 
shells of Gryphaea aucclla; shows polygonal jointing on 
exposed surface ;. ,, • ? 

Colmena Tuff .—The rongli hipography created by the eni|)laccmenL 
of the Gill lireccia was smoothed by tlie dej)osition of the Colmena 
j:nff. Consequent ly the Colmena is missing in some places, even 
tliough its thickness exceeds 450 feet in others. 

The Colmena is composed of beds of rhyoli t ic tuff and beds of con
glomerate w i th pebbles, cobbles, and boulders of Gill Breccia and 
.•Joine pebbles a n d cobbles of Lower Cretaceous l imestone; near the 
nioulh of Capote Creek it contains beds of tuffaceous non-mar ine 
limestone 4 to 10 feet thick; near Loma Pla ta ( 6 .3 -34 .5 ) , beds of silty 
claystone and iv layer of a glassy ilow-rock. It can be described as a 
iiglit-brown tuff-conglomerate, interbedded wi th var iegated tuff. T h e 
|)i-iiicipal colors a re brown, pink, and red. T h e lower p a r t of the forma
tion is calcareous. Four r a n d o m thin sections described by M c G r e w 
(1955: 44 a n d 114) show a fine-grained rhyol i t ic tuff conta in ing 
7-10% quar t z wi lh some chert ; the r ema inde r is composed of sani
dine, orthoclase, plagioclase, and igneous-rock f ragments ; magne t i t e 
or ilmenite is comihon; biotite, sphene, apat i te , and augi te are present . 

T h e grains a re subangular , poorly to well sorted. T h e usua l cement is 
opal and cha lcedony; locally the rock contains as m u c h as 3 0 % cal
cite. Rone f ragments are common in the lower pa r t of the formation. 

riie available information about the ver tebra te fossils collected 
ftom the Colmena Tuff in the southern pa r t of the R i m Rock coun t ry 
lias been summar i zed by M a n k i n (1955: 8 6 - 9 1 ) . T h e age of the fossils 
is Duchesnean or Chadronian ; tha t is, latest Eocene or ea r ly Oligocene. 
Ill most places, bu t unfor tunate ly not in all, t he Colmena is overlain 
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by the Klukslud lgiiiiiiliril(;;: the capfock of the Buckshot Kim is a 
typi(-al onti-iop of llu; Kiu.kshot. 

Ihichshol Igni tnhr i le .—All luuigh the rhyoli te p rophyry that: caps 
the liiickslidl Kim Iddks liki; lava rock, its inalrix in thin S(;(:|ion shows 
glass sluirds atid (illuM- pyroclastic mater ia l , and il is pro|)os(;d to call it 
Ihc P.nckshol Ignimbri te (McCirew, 1955: 2 5 - 3 0 , 4 4 - 5 3 , Figs. 18-21) . 
it is rcsislant to (Mosi(ui and fiirnis a caprock 4'0 to 75 feet thick in 
inaiiy phi((;s. T h e i-d(-k Cxhihi ls vvell-d(;veloped verlical joint ing and 
breaks with an CVIMI to slightly conclioidal fracture. 'Lite color of the 
fresh i-o(-k is grayish red to moel(;rale yellowish b rown; the weathered 
siii-f,u-c, pale Id (lal-k reddish liiovvn. A (hisky gr(;(ni iay(;i- (if l)|-il,lh; 
glassy nil k is pr('S(Mil locally at, the has(;of llu; Ihickshdl, T h e igiiinihi'ile 
liiiigcs ,f I lllll i Kill pdi-diis al h:isc Id vesicular a I, the top, the Iciiglh of llu; 
;iiii\-gdnl('s a\(M-aging ahiuit I ( in, , iiinst (if thcin cdiitaiiiiiig a f(;i-rih;r-

:diis cai hdiialc or chah-cddiiy iir Ixith. In many |)lac(;s the lock is char-
iictiM-i/cd hv ahi indanl loniul dark i-cddislihiowti spots of hnckslidl 
s i /c . tnaiiv nf whi(-li have sinall ((MIUM'S, grayish , red iiki; Ihe inal.rix, 
and lllii k,v(M-y dark vi'i\ Id iihickish |-(;d riiii.s. Mo.st o f tlu; plu;iiocrysls, 
wlii( ll comiidse,ahonl, 2 0 % (4' llu; rock are sanidine; sonu; are orllio-
ciasc, and some, (piail-/.. 

T h e npp(M-sni-faic (if the liiuk.shdl, Ignimbrite; (S(;well, l!)55: 34—38. 
,Pls, I 7 '20; Pct(MSdii, l!)55: 2 7 - 2 9 ) is dolled by circular hlisl(;r cones 
(Scw(4l. PI. I 7) fiom I h)ot to 5 feet high and 2 lo 50 feel in diameter 
and marked hy h)lds (Sew(dl, PI. 18) about 100 feet long, 6 feet high, 
and 5 feet across. Next above the Buckshot is a thick tuff, which rests 
dii-(;clly on the Colnu;na Tuff w h e r e the Buckshot is absent. 

Chainhers Tuff.—^Tlie n a m e C h a m b e r s 7'uff.is proposed for a for-
malion llial cohipt-ises llu; slt-ala l)et:ween the toj-) of the Buckshol Ig-
nimhri te and tlic base of llu; 'Bracks Rhyoli te . 'V\'her(; llu; Rucksliol is 
abs(;iil: tlu; CJiamhers and (Colmena, m a y be differentiated by identi-
fving llic lunizmi ()f the Rucksliol; if its i(l(;ntity pi-oves soniewliei-e lo 
he loo prohl(;niali(- for practical use, the l i thoslral igraphic n a m e Viejti 
will still he ap|)licahle to the combined seciuence. Simi lar ly where the 
Bracks Kliyolile is absent as in the southern end of the Rim Rock coun-
t iy and in ils no r lhe rn thi rd west of the Vieja Rim, the undifferenti
ated Vieja m a y , serve as a m a p uni t . P robab ly the horizon of the 
Rracks, that is, the Chambers-Capote M o u n t a i n contact, can be prac
tically established in some places, but not everywhere . 

T h e moderate ly to well bedded Chambers Tuff presents a drab 
a r ray of colors, mostly pale yellovyish brpwn- and grayish green in the 
U|)per 250 feel, and dull somber, pale red to dark reddish h rown in the 
low(;r 150 feet (Sewell . 1955: 3 9 - 4 0 , 100 -101 , 105-106, PI. 17) . I n t h e 
sontluMii part of the Kim I'ock couiitfy il c.o:i tains a persistent layer of 
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- coarse sandstotie with lenso;s of cobble congloin(;rate about 130 feel 
above ihe ba.se.' 
, In tvvo thin sections from the Chambers , M c G r e w (1955: 5.3-55, 

lOd-105, 10.8-109, 113) des(,:rilK;d a fiiu;- to medium-gra ined rliyo-
liiic tuff conta in ing 5 to 10%, (piartzvvith .some chert , sanidine , ortlio-
rhrse, plagiocla.se, and fragments of rhyolit ic glass and volcanic rock. 
.Vlagnetite or i lmenite, biotite, a n d a pyroxene, are also present . T h e 
j>Tains are subangular . Most of the cement is! calci te; some of it is 

, silica. 
J'lu? ver tebra te fossils collected in the nor lhern p a r i of the Riih 

Buck c()Uiit,ry by vStovall, Patt(;rs()ii, Wilsini. and their associat(;s all 
, (aiiu; fr(mi llu; Chanil)(;rs Tuff;, Alllunigh siqxiipositioii d(;monslrates 
• lliiit tlu; (',hanih(;rs is y(umg(;r than llie ColnuMia, tlu; fii-sl look at, the 

f(;ssils fi-om each s(;(;ms to indicate tlu; siinu; geologic age. Car(;ful 
palcdiildldgical work may y(;t show a dil'f(;r(MiC(; or may fail lo show 
it; llu; i-(;semblanc<; is closi;. 

Mcas i i r a l Seelion 2.--Tli( ; ly|K; ideality (2()-'-K)) nf tlu; Chambers 
J'nff is a l Measured Seciion 2 ( M S - 2 ) , abinil 12 miles N of Cande
laria ( 8 . 5 - 4 1 ) . I ' he river road extends about 2 miles N of Candelar ia 
Id the mouth of ('aj)ote (a-eek. Thence the road to Chambers , ffu-merly 
Dan (Robin.son, 1918) , Ranch (20.8-38.8) extends norlheaslvvard up 
Caiiote Creek about 51/2 mil(;s lo llu; mouth of W a l k e r Creole, Uj) which 

. it (;xterids about 1 V2 miles N to the Dow house and cont inues N up 
Walker Creek 5 miles to an airplane landing strip and thence N an-
iilher mile to a house on the W side of the road, k n o w n as the t rapper ' s 
(ahin. T h e end of the road is at Chambers Ranch ano the r 2 miles N . 
•I'he lop (18.75-39.1) of MS-2 is 0.3 mile W of the road, half a mi le 
N N W of the airs t r ip , and 0.4 mile S of tlie trapjier 's cabin. T h e base 
{19.2-40.4) of MS-2 is about 1.4' iniles almost due W of the cabin and 
2.5 miles S W of the Chambers l ieadquarters . F r o m bottom to top, 
MS-2 .extends about 1 J/2 miles I'^SE. T h e seciion was measured and 
s;impled by R. C. Duchin and S. S. M o i a n in the s u m m e r of 1954. 
riu;ir description follows: ' 

Thickness 
'.'nit Description infect 

< : A 1 ' 0 T E MOUNTAIN TUFF: 

•Vl 'Tuff: very thin-bedded; above is about 100 feet of tuff that 
was not measured; section ends on Triangle Hill between 
the Bracks Rhyolite and the Brite Ignimbrite 9 

. 7 \̂ '/''^/7.-alternating red and pink beds that weather to rounded 
ledges; fine-grained ..: 76 

-VJ 'huff: pinkish gray; hard; fine-grained; thick-bedded; bottom 
part is very pitted by weatberiiig : 13 . 
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Thickness 
Di-sr.riplioii in ji-rl 

S a n d y liiff: pa le r edd i sh brown, vvith m o t t l e d p a t c h e s l o c a l l y ; 
fiiu;- 1,0 (;()arse-gi-aitu;d; w e a t h e r s lo r o u n d e d ledges 77 

Tuff: \y,\\i\ r(;ddish b r o w n ; coars ( ; -g ra ined ; beds 1-3 feet th ick , 

- vvcalhcr to r o u n d e d le(lg(;.s; sur faces pilt(;d :..;,, 51 -
rc?/(y/rcoi/.v/////•.• w h i l e a l l)as(-, g r a d i n g u p w a r d to a l t ( ; r i i a t ing . . 
- soft a n d h a r d , pah ; | i u rp lo lay( ; rs ; w e a t h e r s in to t b e b i l l ..:.... 5.8 

h i i r / i l r lu f f . •...:•.: " ; .- , ,.: — : : , 12 
Ti'lJ:. v(M-y l i g h t g r a y (NH) a l has(;i l)(;ds above a r e gra.yish 

,:phik ( 5 B 8 / 2 ) a n d pah ; red ( 5 B 6 / 2 ) ; beds l - 8 f e e t - l l d c k , ; 
wealluM- to romuled ledges , •.:,,..,. , 70 

't'iifl(iii-<)us-.s(in(l,slj)iii- kcy-hci l : b r o w n , w e a t h ( ; r i n g lo pa le 
voi\ a n d (lark redd i sh h r o w n , b a r d , tuffac(;ous q u a r t z - s a n d -

- s tone , jtisi ludo'w vvhich is 3-f()ot bed of i ) ink , , lng}dy c a b , 
carcoi is luff; beds I-•l feel th ick yv(;ath(M- to r o u n d e d , p r o m -
iiUMitiledgcs :, - - :;.,.,: ....;...; 16 

' I ' l i f lacnnis .iiu(i.rl:.-,':(iiulsl(ini:: pah ; r e d ; b a r d ; m e d i u m - to 
co.iise g r a i n e d ; beds I hiol, lo S('V(M-al feet: t h i ck ; wca t lu ; i s 
h | - \ v i ' l l i d i l i u l c i l l e d g e s 4 5 

Tii t l i i f ,mis IIIIIII lr. s i i i i ihhinr a iu l s iuul : b r o w n ; s i ihroimiled , 

Iilll' 111 iiii 'diimi ipiai l / , j ' .raiiis; vveallKMs lo hiiiii ledges , 17 
Saiu l a m i su t i ih l tn i r : i i i l iMhedded, hiu;- to coai-sc-graincd 

saiulsliiiic and ca lcaredi is s a n d ; sand is l i gh t y(4l()w greiMi, 
soil , t r i ah l e , w i l h s i ih rnmided ipiar l / , g r a i n s ; s a n d s l o n c is 
h r o w n 111 pah ' rvi\ p u r p l e , h a r d ; logctlKM; they lorin a slope 
w i t h p r o l r i i d i n g ledges ; liar(hM- lay(M-s a r e n e a r the lop 68 

Quarlz.-si inilsl i inr: l i gh t b r o w n to r e d d i s h b r o w n ; h a r d ; 
c o a r s e g r a i i U ' d ; thick-I)(;(lded a t base a n d th in-bcdd( ;d a t 
l()|); (]iiarl/, g r a i n s s i i h r o i m d e d ; w e a t h e r s to fo rm l a rge 
romi(l(;(l mass(;s and l(;dges :.: ,.. 29-

Qi iar tz . -sandsldnc: l i g h t g r a y ; f i n e - g r a i n e d ; c a l c a r e o u s ; a l t e r 
n a t i n g soft a n d h a r d l a y e r s ; t h i n - b e d d e d - 3.8 

Saiiilstniu: a n d tuffaceous s ands lone r m e d i u m - to ve ry coarse-
-grain( ;d; SOUK; b(;ds vv(;ll c o n s o l i d a t e d , l i g h t y e l l o w g r a y , 
form ledges ; int(M-beds of soft, loose;, g r a y i s h red s a n d s t o n e ... 45 

Arii i l lacr .nus l i m e s t o n e : soft; t h i n b e d s ; w e a t h e r s back in to 

d ie b i n ' . : - : - -- . . 12 
Sai tdsl i ine a n d huff: pah ; r edd i sh b r o w n ; c o a r s e - g r a i n e d ; a 

h 'w soft inIT lieds a n d one t h i n c a l c a r e o u s l a y e r a r c p r e s e n t . . . 16 

S a n d y luff: r(;d b r o w n ; indura t ( ;d ; top 3 - 5 feet is pa l e p i n k , .soft 24 

Qt ia rU. -sands lone : g r a y i s h b r o w n , w e a t h e r i n g to d a r k red 

b r o w n ; coarse -gra in ml; fo rms r o u n d e d l edges 11 

Quarlz.-sdtulslijne.. key-bed : m o d e r a t e b r o w n , w e a t h e r e d sur
face reddish hrovvii; i r r e g u l a r l y bedd(;d to cross b e d d e d ; • 
inedi imi- lo-coarse s u h a n g i d a r ciuartz g r a i n s ; w e a t h e r s to 
form promiiuMit l edge above t h e l i gh t - co lo red beds 27 
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'Thickness 
t'liit • • Drscriiiliiiii infect 

VV Sands loner l i g h t p ink to gi-ayish p ink , ( l i g h t ccilor d i s t i n 
gu i shes th i s b e d ) ; very f ine -gra ined ; i n d u r a t e d to h a r d ; 
ca l ca reous a t base, tuffaceous a t t op ; t h i n - b e d d e d , w e a t h e r s 
to t h i n ledges a n d r o u n d e d blocks 6.4 

i i Tuffaeeoits s a n d s t o n e : pa le red p u r p l e , w e a t h e r e d sur face 
g r a y i s h r e d ; coarse-gra ined w i t h a few p e b b l e s ; sub
r o u n d e d q u a r t z g r a i n s ; vyeathers to j n o m i n e n t l edges 
s(;voral feet th ick 30 

i'J 7'//// .-pah; p u r p l e ; soft; w(;alh(;i-s hack into h i l l 11 
il I 'aflr pah ; p u r p l e ; v(;i-y f ine-gra ined ; , h a r d ; th ick-b( ;dded; 

: p i t ted sur faces ; w e a t h e r s to p r o m i n e n t , r o u n d e d l(;dges ..;...,. 8.8 
id. S a n d s t o n e a n d tuff: p u r p l e ; soft; m e d i u m - g r a i n e d ; t h i n -

,h(;d(l(;d; h a r d , pa le p u r p h ; sands tone forms a p r o m i n e n t 
ledge- in m i d d l e of U n i t 30 ,.. . . . , : , 7.6 

JO S a n d s t o n e a n d tuff: dusky r ed ; coarse, subroundeel q u a r t z 
g r a i n s ; beds 1-3 feet tliick . . , , . . 34 

J.S Sa iu l s lnne : j)al(' g r ay i sh p u r p l e Id l i gh t g r a y , wealluu-s lo 
give a pink and vvliitc s t reaked a p p e a r a n c e , iippeM' p a r t i s 
h rown a n d (di i tai i is p(4)hles local ly ; coa ise , suhi-oiineleMl 
(piarl/ . g r a i n s ; forms a i-oimdeel ledge , 27 

J7 ' luff : du l l red w i t h whiU; speils; liaiel; fiiie'-giaitu;el; s l ig l i t ly 

s a n d y ; vv(;alluM-s to form hloeik-shaped ledges . ., .. 1.8 
J(i ; Simily luff: moltlcel aiul pu rp l e and w h i l e ; i n d i i r a l c d ; fiiu;-

graiii(;(l; c o n t a i n s la rge a m o u n t of biotile'; W(;atlu;rs to 
gen t l e slop(; 4.3 

J-'i ' / ' ( / / ' / .•brownish g r a y , w e a t h e r i n g to r u s t y g r a y b r o w n w i t h 
w h i t e p a t c h e s ; very f ine -g ra ined ; h a r d ; c o n t a i n s key bed 
1-4 feet th ick t h a t s t ands ou t as a mass ive l edge 22 

JJ Tuff.: mo t t l ed , l i g h t g r ay i sh p u r p l e ; i n d u r a t e d ; v e r y fine
g r a i n e d ; t h i n - b e d d e d : 6 
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J i Rhyo l i t e : t h i ckness no t m e a s u r e d . 
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CHAMBERS T U F F : 
• i 

JJ Q u a r t z - s a n d s t o n e : l i gh t g r ay , w e a t h e r s to l i g h t g r e e n ; i n d u 
r a t e d ; g r a i n s coarse to very coarse , s u b a n g u l a r ; beds 1-4 
feet t h i ck .: : ;.... : : 

JI Tuff: l i g h t g r a y i s h p u r p l e ; h a r d ; t h i n - b e d d e d ; w e a t h e r s to 
broken , b lock-shaped ledges 

25 . 

17 



O'l ' , -.: : • : • • r i l l ' : • n ' : x A S . i ( , u i i t N A i . Ol ' ' s ( : i i ' : iM( ; i ' , 

- . •' Ttiickiir.ss 
11 Ilii l)i:ir:riiili<iil injci-l 

20 •'I'uff: light gray with white spc;cks; slightly sandy; hard; 
massive'; vve'allicrs to sleep, rounded l(;rlg-es whi(-h h)i-m 
pnimiiiiMil, hrcidis in the slope . . , . . , . ,,-, , 18 , 

19 'liiffaieniis iiiiarlz.-.-iandslnne: light g iay; grains coarse; to 
very (oarsc, subangular lo I'omul; beds 1-2 feet thick 22 

IS ruflaieiiiis sandslniie: \o\y i\\\\\ rcdelisli brown; hard; grains 
,siil)i'oim(lcd, medium lo (hoarse; ihiii-hedded; wealhcrs to 

- .a led}.'.!' with siiiiic thin liilT breaks I') 
I;- 'I'liltiireiias i/iiarl~~.sandsliini-: \'i^\\[ (:(vi\y; inediiim-graiiieil; 

iiidlicili'd; illlll heilded;-wcalll(M-s lo ledges wilh some so'il 
hivaks ' , - •• - 15 

Ki •/'////,• li)dil f'.i.iy wilh (,',recii splotches; slightly sandy; al Icr-
niiliiig soft and hard lay(M-s ., 9,8 

l:'i • tJ//(/;/;-, ,v(//;'/,v/d//(',-icddisli hriivvii; iiuhirated; (;,oai-segraiii('(l; 
•, beds I 2. feci (lii(-k hum subrounded ledges,, 23 

II' (,>//(//7;', ,v(///;/,\7()/;c,-light gray 1(1 dull reddish brown; incdimn-
hi coaise-graiiu'd; most layers arc: indurated, some are 
friable; slightly calcareous; h(;(ls 1-2 f(;<'t thick we;atlu;r 
lo riiimdi'd ledges . .., -. . .'." 30 

l i 'Iilll ki-y-hed: grayish icd (10Ill ' /2); very bard; very fine;-
giaincd; weathers to sharp, angular blocks that hirin a ledge 1.8 

12 luff: |)ale red purple; rine-graine-d; beds 1 foot to seve-ral 
feel, thick; wealluMs lo roim(le(r blocks ,. ., 139 

I I , /•(///,-,pale red purple with while sp('(-ks; beds I I'oeii le) se'ViM-al 
h-el thick vveatli(;r to reumeled blocks :..: 32 

10 '/'uff: grayisli purple; fine;-grained; indurated; poorly bedded ... 37 
f) '/•////.- pale gr(;(Mi; fine-grained; indurated; some dark min

erals pi-(;s(?nl, but sparse; irregular, nodular bedding with 
more consistent bedding toward tbe top ••, 7.2 

8 'Tuff: grayish purple (5P4/2) lo dark gray (N4) ; fino-
graiiu;(l; soft at bottom grading to hard at lop; weathers 
to i-(;sislanl, block-shaped ma.ss(;s , 6.0 

7 'luff: light greenish gray to greenish white; fine-grained; 
> thin-hedded; weathers to rounded blocks 13 
() Tuff: dark reddish brown with small dark specks; hard; thiu-

l)(;dded;contains some; small pebbles; weathers to small 
bleK;ks :..,..: - .-.-; :. 57 

5 Tuff: grayish purple; homogeneous, very fine-grained; beds 
1-2 feel thick; some beds form ledges ; 64 

4 Tii/J; pale; red purple; fine-grained; massive ,:..:.-— -. 11 
3 Sand}- luff: grayish purple with dark specks; massive;. 

weathers back into hill .., C.1 
2 'Tuff: pale red (5R6/2) speckled by muscovite; fine-grained; 

• licds form Icdtics 4./ 

liiiiiAiiv i''()UMA-rtoNS en' IUM IU»;K COIIN'I'HV 

/ 'nit Dcscripiiim 

I Tuff: [)ale red purple; soft; friable; thin-hedded, forms gentle 

25 

TliickiiL-ss 
in I net 

slope; 4.8 

Me'asiire'el lliickiu'.ss of Chamb(M-s I'ldf '. Crrifi 

J'olal lhickn(;.ssof MS-2 (exchuling Bracks). 
J O P OE BUCKSMOJ' IGNIMBHIII':. 

1,375 

• llracks l ihyol i lc—'Wu' prec(;ding se;clion ( M S - 2 ) shows more than 
HOO fi>cl (>f luff overlying lli(>Chamlicrs and S(;pai-at(;d from it by tlie 
Blacks Kliyoli le ,which Lord calli'd panlcllcrile;. This iniporfant siral-

: i).;i-aphi(: niai-k(;r is llu; cln(;f rim rock of. lh(; Kim Kock ceiinilry. Its 
jilace; in the sti ' idigraphy was hrs l recognized dur ing tJu^ developnrenl 
of the coal deposits at San Carlos. T h e end of llu; abandoned i-ailroad , 
l^rade; still marks the site of the; c.eial mining leivvii, but not a hnileling 
it'inains. San (Jarlos vvas locah;d in a topographic basin ( V a u g h n , 
I''00: 75) that is almost coinjilelely sur rounded by r ims of Bracks 
Hliyolite, and Coal Mine D r a w (Fig. 1 ) , V a u g h n ' s San Carlos Arroyo, 
(hains the basin southward. T h e newly proposed s t ra t igraphic n a m e 
lUiichs is taken from the na r row gorge (38-44) called Rracks Canyon 
(San Carlos Sheet; Vaughn: 82, Pis. 6 and 10) , which cuts througli tlic, 
onlci-op of Bracks Rhyolite just -woist of San Carlos. In view of the orig
inal descriplion, the proper place for a type locality appears to be in 
the vicinity of San Carlos, probably the high Vieja Rim ( V a u g h n : Pi . 
H) (;asl of the basin, which is the thickest outcrop of Bracks, a l though 
'lu; i-irn is not readi ly accessible, and the high cliff face would be diffi-
(iih h) .sample foot by foot. The m a x i m u m thickness of 300 feet or 
more decreases nor thward , southward, and wes tward , as the Bracks 
romjilctely peters out on the nor thwest , nor th , and south; but its fate 
elite vvest of San Carlos is not recorded in the outcrops, and eas tward it 
'lips i inderground. 

J 'he character is t ic color of the Bracks is greenish, r ang ing from l ight 
"live gray to greenish black. In places it is dark reddish brown. T h e 
crlginal description by Lord (1900: 9 0 - 9 5 ) , which includes a chemical 
(wialysis (also in Clarke, 1900: 6 0 - 6 1 ) , has recen t ly been supple
mented h y M c G r e w (1955: 55-60 , 113, Figs. 2 4 - 2 6 ) . Sewell (1955: 
•10-46, Pis. 7 and 10) , in res tudying its origin, conc luded- tha t i t w a s 
probably emplaced by lava flows. In the few places whei'e t h e Bracks-
'•apote Moun ta in contact (Sewell: 43) is exposed, it appears to be 
fairly regular with a suggestion of breccia on the surface of the Bracks. 
I he Rracks-Chambers contact also appears to be regular . T h e follow-
nig s(xtion ( M S - 3 ) begins not far above the top of the Bracks, 
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10% epiarlz and e:lie'i-|; the i-e;sl, a re volcanic rock, niagnelite; a l ter ing to 
hcmalile'. 'pvreixcnc, and rare' plagieicia.se. Only a few lui-lh; hoiu;s have 
\-el been ce)ile;(:lcd from llie'Cajiole Menmlain . 'T l ic top of the (Capote 
Mdiiiilain Tiilf is al the iiasc of tlu; eiye;riying |-hye)lil(;, which is calleil 
the Kl ite Ignimhi i tc . ^ 

. l U i l e ti.jiiiiihrilr. (:a|idte' Mduntai i i , wliicli ld,w(;i-s ahnve' llu; iiead-
(puirlcrs (if the hisldiic lirilc Kaiicii' ( Keith, P),50; Sh ipman , 1926: 
115 1.19; Daitdii , 19 i i: IOO ), is (omiidse'd ed' l,y|>ie:al C'M'"''" Mom ita in 

.TnlJ, ( appcd hv tvpieal lirilc loii i inbri l i 'ai iont 100 l'(;cl thiik (Pclcr-
seui: h'ig, 6; Kake-r, l!)28: PI . |(); Raker, 1941: Pi. 20 ; 1 9'28 Te;xas Al-
inaiiae-; 'l'5;, Kcii Ii, I f )5(): xix. xxix, and end pap(;rs'). in ellic;-words, 
llu,' ld|i (if Capote' IVIdnnlain is liic lv|ic ideality of the Brilc. J ' iie rock 
(M(-Ci'cw: (i2 71.' lOi , I 10, I 12-1 13, h'igs. 21,2H-,:-52. .36; .Se;we!l: 50-

,52., 99. 102, I to,, 1 II', I 1,5, Pi. 2 3 ; Peler.son: 3(), 69, 73, 97, b'ig. 6)i-(;-
s(;mble;s a sanid ine riiyolih; penphyry, but the mat r ix ( M c G r e w : 62) 
sluivvs glass shaiels aiul OIIUM' jiyroclasitic tnat(;rial in thin section. Tho 
sanieliiu' e:ryslals are' e)palcse:e;nt. The fr(;sh rock is light-colored fang-
iiig fioiii gravish dt-aiig,(' pink Id lijflil biownish gray . T h e Brite is eiver-
laiii hy ihc Petan Basalt. 

Peiaii Ha.sall.~~-'\\u'. first j iail of the ii<;vv n a m e Pelai i liasail is taken 
from the Pe;taii Ranch , which occiqiies the Ca]iote Rim and Capote 
Draw fioin the south le'iice of the; Rrile; Kancli to llie; lie;ad of Pinlo 
Caiiv-,(in, I h c sceond |iai-| i sa I'ieJd term for a dat-k-col(n-(;el line-grained 
igiu'dus reick iiot iie'e-e;ssin-ily iise;d in a slrictly pel i-ogra pi tie; souse. Tiie 
Pe'laii is e;xpose;el in tlu; ge'iuMal vicinity of the U.S. Coast and Geodetic 
Sii!-v(.;y's Iriangtilalion station Brile (19 .1 -32 .4 ) , w h e r e it a t ta ins ii 
n i a x i m u m ihickness (Peterson, 1955: 37) of approx ima te ly 300 feet. 
Tlu; rock apnea rs to have poor reskstance to erosion, for only remnant'^ 
rest on the Rrite Ign imbr i t e in the form of small hills up to 300 feel 
high. Roth the l ir i te and the Pe tan crop out in the Cuessta del Burro, n 
westward-facing Iduff a long the east side of Capote D r a w about 5 miles 
east of the Capote Rim. A m s b u r y plans to describe the Pe t an in more 
de>tai] in a for thcoming paper . , ' 

T h e Petan is coinposed of t rachyandes i te porphyrj^ ( M c G r e w , 1955; 
71-74., 112, Figs. :33, 34; Sew-ell, 1955: 56, 114-115 , Pis . 2 1 , 2 6 ) . The 
color of the fresh lock is da rk greenish gray to brownish gray . I t con
tains mimerou.s vesicles par t ly filled wi th calcite. T h e tex ture is mero-
ctystall ine, , porphyr i t ic w i t h an aphani t ic ma t r ix . Andes ine (An.,,,) 
and orthoclase phenocrysts compose 2 5 - 5 0 % of the rock. Accessory 
inincrals ai-e magneli t i ; or i lmenite , augite , olivine almost completely 
allci-(;d to iehlingsiU;, and ajiatile. T h e groundmass consists of laths of 
plagieu lase- aiul orlhoclase, t he interstices filled v\'ith orthoclase and 
cryplocrystall i iu; inalei ia l . T h e formation next above the P e t a n is an 
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;iiie:ienl grave;!, which, hir the lime; he;ing, will be informal ly called 
the; |K)sl-volcatiic giavel . 

Posl-i 'olcanic graue l .—The [)osl-volcanic gravel lies di.'^cordanlly on 
die I'elan Basalt, anil, in plae:(;s, on llu; Rrite; Ignimbr i te . l l antedates 
the niighly faulting llial cre;al(;d llu; rim-t-ock lopeigraphy, h)r it too is 
fill tiled eldvvn in lei llu; ,seinllu;rn part of the Kim Kock cemnlry. lis de'pO-
siiion was snhse;epie;iil to most of, iiiul pe-rhaps all, tlu; volcanic onl-
hiirsls. for no igne;euis rock has y(;l been bin ml in or on it. Its siibrenniel-
lo-rnimd pel)hl(;s and ceihiilcs ai-e ceinipose;d chiefly of (;xlriisivo ig-
ni;oiis lock and Lovve;r (]re'tace;euis lime;ston(;. Tlu; grave;! is cemenleel 
svilli caliclu;. , 

Hol.'ion. f i l l .—During the T(;rl,iary Perioel. Siibsecinenl to the wide;-
vpicad volcanism, (;xl(;iisiv(; hinlt ing e:re;at(;(l el(;(;|) int(;rm{nil,arie 
hasiiis, wliich w e r e tli(;reafler par t ly filled vvilli bolson dejieisits. Tlie 
fill l(;nds lo be conglomeratic nea r the n iounta ins and to grade out-
Nvarel into calcareous sandstone anil sill. R(;cent work by W . S. Strain 
(oral conimunica t ion , Aug. 195(i) near M c N a r y , Texas , indicates that 
till' age e)f ihe top eif similar bolseni fill in the Kiei Grand 'Valley 70 
niiles ups t ream from the Rim Rock countr} ' is latest Pliocene or 

earliest Pleistocene., 

CONCU.USION AND ACKNOW LI'LOOM IsN'r 

liiasmttcli as this i i rel iminaty jiapei- a ims cliie;fly to lay a iioinen-
rlaliiral foundalion for s trat igraphic geology of the T e r t i a r y volcanic 
(li'[)e)sils of the Rim Kock Country, the int rus ive igneous rocks in the 
form of dikes and thick sills are not described. T h e l i thost ra t igraphic 
ilala are taken largely from the work of s tudents , pa r t i cu la r l j ' Messrs. 
Buongiorno, Carlisle, Duchin, Mank in , M c G r e w , M o r a n , Peterson, 
Sewell, and Smi th and the petrographic data from Messrs , M c G r e w 
'iiul Sewell, whose theses were supervised b y Dr . Clabaugh. Drs . 
J. A. Wilson, S. E. Clabaugh, and J. T. Lonsdale k ind ly contr ibuted 
aildilional informat ion and editorial criticism. 
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NVu,.,is H ' - - - ' / ' ^ ^ ; ! ; " p . , PL 1 ,i.' > '-- , , North Au^erica. C . n . p i W 
S-m-i'. /''•"/- ' " I " " ^'- ini i^Geologic map of Noi tl) ^^^^,^^^0 

' :777t3l3TP^pPPP::i:P^ 

Vol. H: 851 P- ,. „.,.,.,,e dep(«it f"""̂ ^ "'=''"" ? " f "^S^ ' zO (14 M a y ) : 
W ' - v n . . l ' ^ - ^ ' « ^ ^ f S : ' : : ^ - F n ; S L r i n g .n<^ M i m « . Z - - , ^ « ' 

i„ "Washington Leuc i , ' , , . . . for annual d i s U - W n v̂ 
S H > - H 1 / . • ' ~ ' 

«vn.r(. 1 "•-'••' T o O p r ' -feng'™" *• 

377. ' P : P : P 3P333P -"••»-
'P73:̂ -.;̂ :;-;pP^o -̂:̂ p„.A..,-.,.M 

„pul.i>«-aUon oi l)a. .. f N „ , , h America, (̂ (̂ o ^ 
_ ,n,,,,i.-G(;ohigu-- .<>"!' ' V tow Ihe Bim Rock "̂  

-'"-' T^-U.-" "-;"':* S;̂«̂  P 7 : P ' , 
.-ie:'»--;:q"' '^:-; ::::::;•-"'-1 

m a p . I'lt^' - ' ( W t a — R f ' - P O ' ' ^ t 

7"p ; :3P7 : -^"P33 . »-'—-"""*1 
• - - : ; : r , . i 5 : r 3 8 o f D u n , b t e , i 8 m ^ ^ ^^^^^^^ 

_ : _ . . _ ,a92---T.-ans-Pecos. 1^ ,., • , 

I 
I 

m&i 


