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ABSTRACT 

PETROLOGY OF THE MITCHELL MESA RHYOLITE, 

TRANS-PECOS TEXAS 

An ash-flow sheet, to which the names Mitchell Mesa 

Rhyolite and Brite Ignimbrite have been applied, crops out 

prominently in Presidio and western Brewster Counties, Texas. 

Because of its great areal extent it is the most important unit 

for correlation in the Tertiary volcanic field of southern 

Trans-Pecos Texas, and it should bear a single name. Priority 

and widespread use in published literature support the name 

Mitchell Mesa. 

The ash-flow sheet is divisible into two cooling

uni ts. The lower, a simple cooling-unit that grades locally 

into a compound cooling-unit, is a vitric-crystal rhyolitic 

ash-flow tuff with 15 to 25 percent opalescent alkali feldspar 

and bipyramidal quartz phenocrysts as long as 4 mm in a light 

brownish gray, grayish pink, or light gray vesiculated ground

mass. The lower cooling-unit ranges in thickness from about 

230 feet immediately north of Pinto Canyon to 2 feet at South 

Lajitas Mesa. 

The upper, simple cooling-unit is a vitric-lithic 

ash-flow tuff with as much as 20 percent lithic fragments in 
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a very light gray to brownish gray groundmass containing about 

10 percent non-opalescent alkali feldspar and quartz pheno

crysts. The upper unit ranges in thickness from 60 to 100 feet. 

Its only outcrops are overlain by Petan Basalt north and north

east of Pinto Canyon. 

Except in a few places, the pyroclastic texture of 

the lower cooling-unit was obliterated by vapor-phase crystal

lization. Any tridymite and cristobalite originally present 

were subsequently converted to quartz. 

Four whole-rock chemical analyses of samples from 

widely separated localities are similar, showing only minor 

variations in K2o and Na 2o. The alkali feldspar phenocrysts 

are richer in NazO and poorer in KzO than the whole rock. 

Therefore the feldspar in the groundmass is more potassic than 

that in the phenocrysts. 

Foreign inclusions are most abundant in outcrops of 

Mitchell Mesa Rhyolite closest to the Chinati Mountains. Im

mediately north of the mountains, a separate ash-flow tuff is 

present beneath the Mitchell Mesa Rhyolite. This and other 

evidence leads to the conclusion that the Chinati Mountains 

area was the source of the ash-flow sheet. 
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INTRODUCTION 

The geology of the Tertiary volcanic rocks of southern 

Trans-Pecos Texas is complex. Each volcanic center has its 

unique accumulation of materials. Flow rocks are concentrated 

around vent areas, whereas in areas between major centers of 

eruption, the accumulation consists mainly of ash-beds and flu-

vial sediment. Regional correlation is further complicated by 

erosion and faulting contemporaneous with and subsequent to 

deposition, by burial under later Tertiary and Quaternary sedi

ments, and by a lack of fossils in most of the volcanic rocks. 

A major eruption from a collapsing caldera in the 

Chinati Mountains spread an ash-flow sheet, the Mitchell Mesa 

Rhyolite, over most of the Tertiary volcanic field of Trans-

Pecos Texas south of Alpine and Marfa. This formation is the 

most important key unit for correlation in southern Trans-Pecos 

Texas because of its wide areal extent. Crucial to the use

fulness of this ash-flow sheet as a key bed is proof that it 

is laterally continuous with the Brite Ignimbrite, an ash-flow 

sheet in the Rim Rock country. Ramsey (1961) equated the two 

because of their great similarity in hand specimen and in thin 

section. The main purposes of this report are to establish 

beyond doubt that the Mitchell Mesa Rhyolite and the Brite 

Ignimbrite are indeed the same unit, to give a detailed de

scription of the petrology of the unit, and to indicate the 

probable source area. 
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LOCATION 

In southern Trans-Pecos Texas all the mapped outcrops 

of Mitchell Mesa Rhyolite are in Presidio and western Brewster 

Counties. The exact locations of all outcrops of the rhyolite 

in Texas are shown on Plate XI. Locality numbers referred to 

in this report correspond to the numbered localities on the 

map. 

There are confirmed outcrops in Chihuahua, not visited 

during this study, south of the Rio Grande 4 miles upstream from 

Lajitas and across from Redford (Dietrich, 1966). In Chihuahua 

other isolated outcrops of possible Brite Ignimbrite are as far 

as 15~ miles west of the Rio Grande between latitudes 29° 40 1 

and 29° 57' N (Heiken, 1966; Haenggi, 1966; and Gries, MS). 
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ACCESS 

The outcrop area is crossed by several all-weather 

roads, graded county roads, numerous private roads, and trails 

(pl. XI). Paved routes are the Marfa-Ruidosa road (Texas Ranch 

Road 2810) from Marfa to Petan Ranch, U.S. Highway 67 from 

Marfa to Presidio, U.S. Highway 67 and Texas Ranch Road 169 

from Marfa to Plata, and Texas Ranch Road 170 from Presidio to 

Big Bend National Park. Important bladed county roads are from 

U.S. Highway 90 at Valentine to U.S. Highway 90 approximately 

12 miles west of Marfa via Brite Ranch, from Petan Ranch to 

Candelaria through Ruidosa, from U.S. Highway 90 just west of 

Presidio County Airport southward toward Rancho Escondido and 

Simpson Ranch, from Plata to Hammond Ranch (east of Wire Gap), 

and from Plata to Presidio via Wire Gap and Saucita Springs. 

At present all ranches with outcrops can be visited after per

mission is secured, except for those belonging to the Bowman 

Cattle Company. I was allowed to work on ranches belonging to 

the Bowmans because permission had been granted before several 

unfortunate incursions by others made it necessary for the 

owners to deny access to outsiders. Therefore, the reader 

should note that Petan Ranch and 101 Ranch are now definitely 

closed to outsiders. 
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PREVIOUS WORK 

In the following discussion I try carefully to record 

the geographic names of stratigraphic units proposed by each 

geologist, but I follow the present Stratigraphic Code as to 

capitalization and usage. Thus, for example, I write Mitchell 

Mesa Rhyolite (not rhyolite) and Buck Hill Group (not Buck Hill 

volcanic series) . 

Goldich and Elms (1949) named the thin caprock of 

Mitchell Mesa in northwestern Buck Hill Quadrangle the Mitchell 

Mesa Rhyolite (fig. 1). They named the thick succession of 

volcanic rocks in that area the Buck Hill Group. Seward (1950) 

used the terminology of Goldich and Elms in mapping Jordan Gap 

Quadrangle. Moon (1953) mapped the Buck Hill Group in south

western Aqua Fria Quadrangle and described a member of that 

series that closely resembles Mitchell Mesa Rhyolite. Moon did 

not subdivide the group on his map. Erickson (1953) mapped the 

Buck Hill Group in Tascotal Mesa Quadrangle, and he changed the 

name of the ash-flow sheet to Mitchell Mesa Tuff Flow in recog

nition of its genesis. McAnulty (1955) in his report on Cathe

dral Mountain Quadrangle objected to Erickson's use of 'flow'. 

McAnulty called it Mitchell Mesa Welded Tuff and mapped it as 

far as 2 or 3 miles north-northwest of Cathedral Mountain. 

C. R. Sewell (1955, p. 54) stated that the outcrop pattern and 
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Explanation of Figure 1 

No. Area 

1. Marfa Area 

2. Cathedral Mountain 
Quadrangle 

3. Jordan Gap Quadrangle 

4. Buck Hill Quadrangle 

5. Presidio Area 

6. Tascotal Mesa 
Quadrangle 

7. Agua Fria Quadrangle 

8. Bofecillos Mountains 
Area 

9. Sierra de la Parra Area 

10. Cerros Prietos Area 

11. Pinto Canyon Area 

12. El Cuervo Area 

13. Rim Rock Country 

14. Rim Rock Country 

15. Cuesta del Burro Area 

Papers (cited in references) 

Davis, 1961 

McAnulty, 1955 

Seward, 1950 

Goldich and Elms, 1949 

Dietrich, 1965, 1966 

Erickson, 1953 

Moon, 1953 

McKnight, 1968, 1970 

Gries, MS 

Heiken, 1966 

Ams bury, 195 7 

Haenggi, 1966 

Univ. of Texas at Austin, 
unpublished M.A. theses 
(see De Ford, 1958) 

Twiss, MS 

Ramsey, 1961 
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rock type of the rock unit subsequently named Brite Ignimbrite 

indicate a source in the Chinati Mountains. DeFord (1958) 

proposed the name Brite Ignimbrite in a preliminary paper aimed 

at laying a nomenclatural foundation for the stratigraphy of 

the Tertiary volcanic rocks of the Rim Rock country. Ramsey 

(1961) correlated Brite Ignimbrite with Mitchell Mesa Rhyolite. 

He mapped two small outcrops of Mitchell Mesa Rhyolite in the 

eastern part of his area, bringing Brite outcrops to within 10 

miles of Mitchell Mesa outcrops. Davis (1961), doing recon

naissance work between Marfa and Jordan Gap, mapped outcrops 

of Mitchell Mesa Rhyolite from Jordan Gap northward along the 

fault scarp east of Alamito Creek to the vicinity of San Estaban 

Dam. He also mapped outcrops of Mitchell Mesa Rhyolite between 

the Presidio County airport and Cathedral Mountain Quadrangle. 

Dietrich (1965, 1966) and McKnight (1968) mapped small outcrops 

along the Rio Grande from Presidio to Lajitas and in the 

Bofecillos Mountains, calling it Mitchell Mesa Tuff. Dietrich 

(1966) also reported outcrops in Mexico opposite Redford and 4 

miles upstream from Lajitas. Haenggi (1966), Heiken (1966), 

and Gries (MS) mapped small, isolated otucrops of ignimbrite, 

tentatively identified as Brite Ignimbrite, in El Cuervo, 

Cerros Prietos, and the Sierra de la Parra areas of Chihuahua, 

respectively. J. P. Smith (1967) studied the petrography of 

the Brite Ignimbrite. The primary aim of his report was to 

test analytical methods suitable for obtaining data from ignim

brites and to evaluate the data in light of petrographic and 

x-ray diffraction work. 



TERMINOLOGY 

The following definitions are taken mainly from R. 

L. Smith (1960a, 1960b) and Ross and R. L. Smith (1961) and 

modified where necessary for use in this report. 

Ash-flow: A turbulent mixture of gas and pyro

clastic material, mostly particles of ash size, that is explo

sively ejected from a crater, caldera, or fissure and then 

moves across the surface of the ground. 

Ash-flow tuff: The consolidated deposit resulting 

from a single ash-flow, regardless of the degree of welding. 

Ash-flow sheet: Any sheetlike ash-flow tuff that is 

a mappable stratigraphic unit. It may consist of several ash

flow tuffs, if they are not yet separately recognized as well

defined units. 

Ignimbrite: In this report ignimbrite is synonymous 

with ash-flow sheet. 

Cooling-unit: One or more ash-flow tuffs emplaced 

so as to have undergone continuous cooling; i.e., no part of 

the assemblage cooled completely before the emplacement of 

another. 

Simple cooling-unit: A cooling-unit with an unin

terrupted cooling history. 
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Compound cooling-unit: A cooling-unit with charac

teristics suggesting a cooling history intermediate between 

that of a simple cooling-unit and separate cooling-units. 

Simple cooling-units may grade into compound cooling-units and 

compound cooling-units may grade into separate cooling-units. 

Vitric-crystal tuff and vitric-lithic tuff are terms 

taken from Cook's (1965) diagram for ignimbrite rock types 

(fig. 2). 
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25CRYSTAL 
(INCLUDING PUMICE) 

Figure 2.--Mechanical composition triangle for ignimbrite 

rock types (after Cook, 1965). 



FIELD AND LABORATORY METHODS 

Two weeks of reconnaissance work in late summer 1968 

was supported by a research assistantship granted by The Uni

versity of Texas at Austin. The main field work, in June and 

July 1969, was fully supported by the Geological Society of 

America through research grant number 1265-69. The field work 

consisted of measuring thicknesses of the Mitchell Mesa Rhyo

lite, noting field characteristics, and collecting more than 

230 samples from 49 localities for detailed study in the labo

ratory. Localities were plotted either on U.S. Geological 

Survey topographic sheets, scale 1:250,000, or on copies of 

geologic maps prepared by previous workers in the area. 

Petrographic descriptions are based on examination 

of 99 thin sections prepared for this report plus 9 thin sec

tions from the thesis collection of McGrew (1955). 

Four whole-rock chemical analyses of carefully 

selected specimens were done in the Department of Geological 

Sciences, The University of Texas at Austin, by Mr. Karl Hoops, 

The structural state and composition of the alkali

feldspar phenocrysts were determined with the aid of a General 

Electric XRD-3 x-ray diffraction unit, located in the Department 

of Geological Sciences, using the methods of Wright (1968) and 

Orville (1963). 
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GEOLOGIC HISTORY 

Tertiary Volcanism 

The Jeff Conglomerate, which directly underlies the 

volcanic rocks of southern Trans-Pecos Texas in many places, 

probably represents a formerly continuous gravel sheet left on 

a planation surface (McKnight, 1970). Several topographic highs 

stood above the general level of this surface. A ridge with 

many small sharp features was present from north-central Pre

sidio area to Pinto Canyon area (Dietrich, 1965). The Solitario 

Dome and the Terlingua Monocline, an adjoining ridge trending 

southeastward from the dome, was a high area. The absence of 

conglomerate in Cathedral Mountain Quadrangle suggests another 

high there (McKnight, 1970). 

Tertiary volcanism in southern Trans-Pecos Texas be

gan about the middle of the Eocene Epoch. Maxwell et al. (1967) 

reported volcanic materials in the Canoe Formation, which con

tains middle Eocene vertebrate fossils. Volcanic activity 

began in the Rim Rock country (Wilson et al., 1968) and in Buck 

Hill and adjacent quadrangles (Dietrich, 1965) by late Eocene 

or earliest Oligocene. 

Volcanic activity in the northern Chinati Mountains 

and on the southeast end of the Chinati Mountains began later, 

after more than 1,000 feet of volcanic material had been 
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deposited in the Rim Rock country (Dietrich, 1965). 

The earliest volcanic material accumulated in low

lying areas, but eventually tuffaceous material or flows cov

ered most of the region. Flow rock and some interbedded ash 

deposits accumulated near centers of eruption and extended for 

short distances into the lowlands between eruptive centers. 

In the lowlands the accumulating materials were mainly varie

gated tuff interbedded with tuffaceous rock that includes sand

stone, silty claystone, congomerate, and non-marine limestone, 

Before the Mitchell Mesa Rhyolite was emplaced, one 

to several thousand feet of tuffaceous and fluvial sediments 

had accumulated in the Rim Rock country and between Cathedral 

Mountain Quadrangle and South Lajitas Mesa. This material was 

interlayered with Buckshot Ignimbrite and Bracks Rhyolite in 

the Rim Rock country, Crossen, Sheep Canyon, Potato Hill, and 

Cottonwood flows in Cathedral Mountain and Buck Hill Quadran

gles, and Bee Mountain, Mule Ear Spring, and Tule Mountain 

flows in the Bofecillos Mountains area. The flows in the Rim 

Rock country came from an unknown source, but those in Cathedral 

Mountain and Buck Hill Quadrangles flowed southward out of the 

southern Davis Mountains, and those in the Bofecillos Mountains 

area came from the Big Bend Country to the southeast. 

Volcanic complexes at either end of the Chinati 

Mountains had become active during this time with lavas and 

interbedded ash deposits extending northward to interfinger 

with the materials of the Rim Rock country and southeastward 

to interfinger with the materials of the Bofecillos Mountains 

area. 
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The Brite Ignimbrite is dated by K-Ar determinations 

at 33.0 ± 1.1 million years and the Mitchell Mesa Rhyolite at 

33.9 ± 1 . 8 million years (Wilson et al., 1967) . At this time, 

a nearly featureless plain extended from the Pinto Canyon

Chinati Mountain area northward toward the site of Van Horn, 

northeastward to the southern Davis Mountains area, eastward 

to the Santiago Peak area, and southeastward to the Lajitas 

Mesa area. A few topographic highs such as the Terlingua 

Monocline, the Sol i tario, and domes of the Contrabando Lowland 

stood above this plain (McKnight, 1970). The Chinati Mountains 

were a highland of active volcanoes. West and southwest of the 

Chinati Mountains area, northwest-trending ridges of folded 

Cretaceous rocks stood above the level of this plain. 

The Mitchell Mesa Rhyolite was emplaced as a series 

of ash-flow tuffs from a source in the Chinati Mountains area, 

possibly from a collapsing caldera. The ash-flows spread north, 

east, and southeast across the nearly featureless plain, gradu

ally thinning to become a sheet-like deposit. To the extreme 

southeast, the sheet lapped up against the Solitario, flowed 

around several topographic highs and finally pinched out in the 

southeastern Bofecillos Mountains area against the Tule Mountain 

Trachyandesite (McKnight, 1970). In Chihuahua, west of the 

Chinati Mountains, are scattered outcrops in El Cuervo area 

(Haenggi, 1966), Cerros Prietos area (Heiken, 1966) and Sierra 

de la Parra area (Gries, MS) that may be Mitchell Mesa Rhyolite, 

Perhaps the ash-flow sheet spread to the foot of the northwest
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trending ridges of Cretaceous rocks and then flowed through 

east-west canyons in the ridges. This would explain the small 

outcrops of Tertiary ignimbrite tentatively identified as 

Mitchell Mesa Rhyolite (Brite Ignimbrite) west of these ridges. 

Guest (1969) has described a similar situation with respect to 

the Sifon Ignimbrite of northern Chile. In the northern part 

of the outcrop area, the ignimbrite forms a continuous sheet 

unhindered by underlying topography, but in the southern part 

it fills a pre-existing trough. The Sifon Ignimbrite escaped 

through valleys in the mountain range on the west side of this 

trough. Thus, a thin ignimbrite sheet was emplaced on the west 

side of the range, filling low-lying areas. 

If the outcrops in Chihuahua are Mitchell Mesa Rhyo

lite, then it and other Tertiary volcanic rocks underlie the 

Rio Grande valley in the vicinity. Upturned Tertiary volcanic 

rocks do protrude through the gravel fill on the west side of 

the valley just southeast of Cerro Alto (Gries, oral communi

cation, 1970). 

After emplacement of the Mitchell Mesa Rhyolite, 

volcanoes became active in the Bofecillos Mountains area. A 

thick sequence of sediment and volcanic rock including ash

flow tuff, eolian sediment, fluvial sediment, and lava flows 

was deposited on top of the Mitchell Mesa Rhyolite in this 

area (McKnight, 1970). From Cathedral Mountain Quadrangle 

south to Tascotal Mesa Quadrangle, Mitchell Mesa Rhyolite was 

buried first under a thick blanket of Tascotal Tuff and then 
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under basalt. In Rim Rock country, on the west and southeast 

sides of Capote Draw, Petan Basalt rests directly on top of 

Mitchell Mesa Rhyolite. However, on the northeast side of the 

draw Tascotal Tuff lies between Mitchell Mesa Rhyolite and 

Petan Basalt (Ramsey, 1961). The basalts that lie above 

Mitchell Mesa Rhyolite belong to several different formations. 

Dietrich (1965) stated that the Petan Basalt of Sierra Vieja, 

Rancheria Hills, and along Alamito Creek is older than Perdiz 

conglomerate, whereas the Rawls Basalt associated with the 

Bofecillos Mountains center of extrusion is younger. Dietrich 

also pointed out that the "Rawls" of Cathedral Mountain Quad

rangle may not be either Petan Basalt or Rawls Basalt. Never

theless, Tertiary volcanic activity was concluded in southern 

Trans-Pecos Texas with the emplacement of basaltic rocks to 

which the following names have been applied: Petan, Rawls, 

and "Rawls" of Cathedral Mountain Quadrangle . 

Events After Volcanism 

As volcanism subsided, Basin-and-Range block-faulting 

became the dominant geological activity in southern Trans-Pecos 

Texas (Amsbury, 1957; Dietrich, 1965; and McKnight, 1968). 

This faulting tilted and broke up Tertiary beds, and Mitchell 

Mesa Rhyolite was exposed in escarpments on both sides of Capote 

Draw and in the escarpment east of Alamito Creek from San 

Estaban Dam to Jordan Gap. 

The normal faulting produced closed basins, or bol

sons. After a period of basin filling, the modern Rio Grande 

drainage was established. 



FIELD CHARACTERISTICS 

Introduction 

The Mitchell Mesa Rhyolite forms prominent cliffs in 

most outcrops. It caps the high mesas in easternmost Presidio 

and westernmost Brewster Counties from Goat Mountin south to 

Bandera Mesa. In the Rim Rock country it crops out in the 

escarpment on the east side of Capote Draw from near the Marfa

Ruidosa county road northward to the end of the feature on Ryan 

Flat. It forms a vertical face on the high rim west of Capote 

Draw from just northwest of the Petan Ranch headquarters to 

Capote Mountain. 

The rock breaks with an uneven fracture to reveal a 

light brownish gray (SYR 6/5), grayish pink (SR 8/2), or light 

gray (N7) vesiculated groundmass with from 15 to 25 percent 

tabular opalescent feldspar and bipyramidal quartz phenocrysts 

up to 4 mm long. The vesicles are lined with tiny crystals of 

quartz, feldspar, and commonly calcite. A few vesicles have 

slightly amethystine quartz crystals up to 4 mm long. 

Opalescent feldspar is the most characteristic feature 

of the rock. Opalescence in feldspar occurs where the dimen

sions and spacings of submicroscopic perthite lamellae are com

parable to the wave lengths of visible light (Barth, 1969, p. 9). 

Barth stated that the bluish-white hue indicates that the 
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lamellae vary considerably in thickness so that all visible 

wave-lengths undergo some interference. He pointed out that 

the diffuseness of the opalescence is due to irregularities in 

the phase boundaries. 

In some specimens from this formation, the feldspar 

has a brilliant bluish-white hue, and in other specimens the 

feldspar has a golden hue. In many specimens the opalescence 

of the feldspar is diffuse, and a few specimens contain feld

spar with no opalescence. Differences in color and quality of 

opalescence indicate that the range in thickness and amount of 

irregularities of the exsolution lamellae changes from specimen 

to specimen. 

On weathered cliff-faces the ash-flow sheet is typi

cally pale brown (SYR 5/2) or moderate brown (SYR 3/4) or, in 

a few places, black. Large imperfectly developed columnar 

joints are common. Except for a friable zone, normally from 

6 inches to 2 feet thick, at the base, and in one area a second 

cooling-unit, the sheet is in most places consistent in lith

ology from base to top. Erosion of the friable zone releases 

columnar joint blocks to topple over and slide down the slope 

below, creating a rubble zone with blocks up to 10 feet across. 

(pl. IB). Most weathered surfaces are case-hardened by the 

formation of a siliceous rind ~ inch to several inches thick. 

On most weathered surfaces, fresh-appearing euhedral or sub

hedral feldspar and quartz phenocrysts stand out from the 

weathered groundmass. 
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Lower Cooling-Unit 

Analyzing the weathering profile and the lithology, 

one can divide the ash-flow sheet into two cooling-units. In 

most outcrops the lower cooling-unit seems to be the deposit 

of a single ash-flow, but at several widely scattered outcrops 

there appear to be at least two separate ash-flow tuffs. There

fore, the lower unit is a simple cooling-unit that grades into 

a compound cooling-unit at a few places. More than one ash-flow 

tuff is found in the Rim Rock country along the cliff face from 

just north of locality 40 to about two miles north of locality 

42 (pl. I A) and along the Cuesta del Burro on the east side 

of Capote Draw from locality 38 north to just beyond locality 

36. In Jordan Gap Quadrangle there are two ash-flow tuffs at 

locality 19 (pl. I B, C) and at locality 21. 

Thickness, Areal Extent, and Volume 

The thickness of the lower cooling - unit ranges from 

about 2 feet at South Lajitas Mesa (McKnight, 1968) up to about 

230 feet at locality 38. 

Not enough data are available for constructing an 

isopach map but some idea of the variation in thickness can be 

gained from thicknesses at existing outcrops. Thicknesses at 

different localities are given in the Appendix. Briefly, the 

thickness in the two continuous escarpments of the Rim Rock 

country is greatest at the southern end and thins gradually to 

the north. The maximum thickness is 230 feet at locality 38 

and the minimum thickness is 12 feet at locality 48. Along the 
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PLATE I 

A. View to northwest at locality 42 showing relationship between lower cooling-

unit (A), upper-cooling unit (B), and Petan Basalt (C). The Mitchell Mesa 

Rhyolite (A plus B) is about 210 feet thick in this outcrop. 

B. View to east of contact between two ash-flow tuffs within the lower cooling-

unit near locality 19. Notice the rubble on slope below the cliff. 

C. View to south of contact between two ash-flow tuffs within the lower cooling-

unit between locality 19 and locality A. 

D. Looking northward at contact between Mitchell Mesa Rhyolite and Duff Tuff at 

locality 14. Friable zone is light colored 6-inch layer in middle of picture. 

Notice wisps in indurated zone. 2Yz-foot pole for scale. 
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line of outcrops from north of Cathedral Mountain to Bandera 

Mesa the thickest part is midway of the almost continuous out

crop, approximately at localities 20 and 21, where the maximum 

thickness is nearly 150 feet. From this maximum thickness the 

unit thins both toward Cathedral Mountain to the north and to

ward Bandera Mesa to the south. At both ends of this line of 

outcrops the thickness is less than 30 feet. Although the gen

eral trend seems to be a gradual change in thickness, there are 

several anomalies. At the northern end of Goat Mountain the 

unit is about 50 feet thick, whereas at the southern end of the 

mountain the unit is 120 feet thick. At the next outcrop to 

the south, a few hundred yards south of the mountain, the for

mation is less than 40 feet thick. From the northern end to 

the southern end of Goat Mountain the top of the Mitchell Mesa 

Rhyolite is almost perfectly flat. Thus, the increase in thick

ness must be due to filling of a valley. Between locality 19 

and locality 20 the thickness may vary as much as 100 feet from 

a minimum of 40 feet to a maximum of 140 feet. Between these 

outcrops the base is almost flat and the top surface is irreg

ular. As the original tops of ash-flow tuffs tend to be flat, 

even if the unit is emplaced on hilly topography, it can be 

assumed that this irregular surface was formed by erosion. More 

evidence of erosion is found at locality 44 and in Oak Hills. 

At locality 44 a normal fault with 60 feet of apparent throw 

cuts the formation. There is 80 feet of Mitchell Mesa Rhyolite 

on one side of the fault and 20 feet on the other side; the top 
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of the unit is planed off so that there is no surface expression 

of displacement. At Oak Hills the Mitchell Mesa Rhyolite is 

approximately 10 feet thick. Lithologically the ash-flow tuff 

at Oak Hills closely resembles the material at the base of lo

cality 36 only a few miles west of Oak Hills. The formation 

is more than 300 feet thick at locality 36. Probably, the sec

tion at Oak Hills was originally much thicker than it is now. 

Where erosion has removed considerable material, thickness com

parisons are relatively meaningless. Nevertheless, it is clear 

that the sheet must have originally thinned generally northward 

from locality 40, and northward and southward from locality 20. 

The present thinning is accompanied by a decrease in induration 

and compaction. 

The distribution of outcrops suggests that at the time 

of emplacement Mitchell Mesa Rhyolite covered more than 3,100 

square miles of Trans-Pecos Texas and adjacent Chihuahua. The 

original volume of the ash-flow sheet was probably not less 

than 15 cubic miles and could have been as much as 30 cubic 

miles. 

Pumice 

Pumice fragments, commonly less than 2 inches across 

in their largest dimension, are present in many outcrops, but 

they are not a conspicuous part of the formation. Pumice was 

identified in hand specimen at several outcrops, including lo

calities 26, 33, 39, and 40. At some outcrops it is difficult 

to determine whether light colored wisps (pl. I D) represent 
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flattened pumice-fragments or crystal-filled gas-cavities, be

cause no characteristic pumice structure is present. 

Brown Inclusions 

Brown inclusions as much as 3 feet long and 6 inches 

thick are present in outcrops south and west of localities 47 

and 36. They contain as much as 20 percent euhedral-to-sub

hedral feldspar phenocrysts up to 1 cm long in a light brownish 

gray (SYR 6/1) porous groundmass. The contacts of the inclu

sions with the ash-flow sheet are irregular, and the ends of 

some inclusions intertongue with the host rock. The irregular 

contacts and shapes indicate that the inclusions were plastic 

at the time of eruption. 

Foreign Materials 

A few fragments of siltstone and felsic volcanic rock, 

up to 1 inch long, can be found in most outcrops of Mitchell 

Mesa Rhyolite. The friable zone at the base of many outcrops 

has pebbles up to 2 inches in diameter. Layers within the in

durated zone that contain abundant lithic fragments are found 

only in outcrops west of Capote Draw and south of Brite Ranch 

headquarters. 

Secondary Mineralization 

Calcite nodules and joint fillings, blue agate, jas

per, and siliceous rinds formed by weathering are the most com

mon forms of secondary mineralization. Calcite nodules (pl. 

II B) at localities 41, 43, and 45 are more resistant to 

weathering than the groundmass; they weather out giving the 
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surface a knobby appearance. Blue agate (pl. II C) occurs in 

gas cavities from Goat Mountain to San Jacinto Mountain; jasper 

(pl. II A), in joints from Mitchell Mesa to Bandera Mesa. Both 

jasper and blue agate weather out and accumulate as fragments 

on the exposed top of the formation. 

Vertical and Lateral Variations 

A friable zone from 6 inches to 2 feet thick is pres

ent at the base of the formation in most outcrops (pl. I D). 

This zone is composed of up to 35 percent euhedral-to-subhedral 

alkali feldspar and bipyramidal quartz phenocrysts in a soft 

groundmass of fine-grained quartz and alkali feldspar. Some 

outcrops show lenses of fine-grained calcite up to l~ inches 

thick and several feet long within the friable zone. Most out

crops along the high rim from locality 39 to locality 47 lack 

the friable zone; instead they have at the base a soft, very 

pale orange (10 YR 8/2), non-welded zone from 6 inches to 14 

feet thick. This non-welded zone contains as much as 10 per

cent of quartz and feldspar phenocrysts up to 3 mm long and, 

in some outcrops, abundant rock fragments up to 2 inches in 

diameter. 

At the base of the section at locality 40 a layer S 

to 8 feet thick, traceable for several hundred yards, which 

contains abundant rock-fragments up to l~ feet across (pl. III 

A, B) has a sharp contact with the typical Mitchell Mesa 

Rhyolite above. Both the outcrop and the lithologic charac

teristics indicate that this layer was deposited as the result 
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PLATE II 

A. Jasper, locality 12, scale in inches. 

B. Calcite nodule, locality 45. Notice cleavage fragment. 

Scale in inches. 

C. Blue agate, locality 12, scale in inches. 

D. Devitrification balls, locality 44, scale in inches. 
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of a separate flow, probably a small nuee ardente that flowed 

only a few miles from its source. A pocket of ash-flow tuff, 

traceable for only a few yards, below the inclusion-filled 

layer, seems to fill a small stream channel and is probably the 

product of still another local nuee ardente (pl. III C, D). 

Inclusion-filled layers within the indurated portion 

of the Mitchell Mesa Rhyolite, above the soft zone at the base, 

were observed at localities 45, 46, and 47. Amsbury (1957) 

reported a breccia zone within the formation northwest of the 

Ford Ranch house. 

Devitrification balls (pl. II D) as large as an inch 

in diameter occur in a 4-inch to 1-foot zone at the base of one 

outcrop (locality 44). Spherulites as much as a centimeter 

across were found in a 6-inch thick zone 2 feet above the base 

at locality 17. 

Only a few outcrops show eutaxitic structure, notably 

localities 13, 45, 46, and 47. At locality 13 the eutaxitic 

texture could be the result of either collapse of pumice or 

crystallization in lenticular gas cavities. At localities 45, 

46, and 47 the texture is definitely due to the collapse of 

pumice in a densely welded zone. 

Upper Cooling-Unit 

The upper cooling-unit (pl. I A) seems to be a simple 

cooling-unit. Whereas the lower cooling-unit is a vitric

crystal tuff, the upper cooling-unit is a vitric-lithic tuff. 
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PLATE III 

A. View to east of outcrop at locality 40. Total thicknesses 

of Mitchell Mesa Rhyolite about 320 feet. (A) and (B) 

local ash-flow tuffs below Mitchell Mesa Rhyolite; ( C) 

lower cooling-unit; (D) upper cooling-unit; (E) Pe tan Bas alt. 

B. Hand specimen from zone B of photograph A. Scale in inches . 

c. Hand specimen from zone A of photograph A. Scale in inches. 

D. Hand specimen from zone A of photograph A. Scale in inches. 
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This lithologic difference and the weathering profile, especi

ally at localities 41 and 42, are the criteria for recognizing 

the upper unit as a separate entity. The upper unit was sam

pled at localities 36, 38, 39, 40, 41, and 42 but was not as 

intensively studied as the lower cooling-unit. 

Thickness, Areal Extent, and Volume 

The upper unit ranges in thickness from 60 to 100 feet 

where it was measured. Estimates of thickness are difficult to 

make because the exact lower and upper contacts were not always 

determined. The upper cooling-unit had a larger areal extent at 

one time, but it is now preserved only in outcrops overlain by 

Petan Basalt on either side of Capote Draw. The Petan protects 

it from erosion. At locality 39, the entire ash-flow sheet is 

slightly less than 100 feet thick, the lower cooling-unit is 

missing, and the fragment-filled upper flow rests on gravel 

(pl. IV A). At that place the lower cooling-unit flowed around 

a buried hill and was never deposited on top. No estimate of 

the original volume of the upper unit is feasible because of 

the effects of erosion. 

Cognate Constituents 

Opalescent tabular alkali feldspar and quartz pheno

crysts up to 4 mm long make up as much as 10 percent of the 

rock. The groundmass is very light gray (N8) to brownish gray 

(SYR 4/1). No cognate pumice fragments were identified in hand 

specimen because they are indistinguishable from the abundant 

fragments of foreign material in the rock. 
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PLATE IV 

A. Looking north at contact of upper cooling-unit and under 

lying gravel at locality 39. 4~-foot pole for scale. 

B. Hand specimen from upper cooling-unit, locality 36. Scale in 

inches. 

C. Photomicrograph of zoned hornblende grain, thin section B34F, 

locality 36. 

D. Photomicrograph of shard ghosts, thin section B9E, locality 14. 

Notice black magnetite grains. 
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Foreign Materials 

The distinctive feature of the upper cooling-unit is 

the presence of up to 20 percent of lithic fragments as large 

as 1 inch across (pl. IV B). In hand specimen, these fragments 

include grayish brown (SYR 3/2) felsic porphyry, pinkish gray 

(SYR 8/1) felsite, and moderate brown (SYR 4/7) siltstone. 

Vertical and Lateral Variations 

The upper unit becomes more indurated from bottom to 

top, perhaps because it was silicified before the Petan was 

deposited. Or possibly the upper part of the upper unit is the 

more densely welded middle of an ash-flow tuff from which the 

non-welded to partially welded upper part was eroded before the 

Petan was deposited. Another possibility is that the upper 

cooling-unit is an assemblage of several ash-flows of which the 

last were hotter than the first. 



MICROSCOPIC CHARACTERISTICS 

Lower Cooling-Unit 

Mineralogy 

Quartz and alkali feldspar are the abundant minerals 

in the lower cooling-unit. The norms of four chemically ana

lyzed samples contain between 92 and 96 percent quartz, albite, 

and orthoclase. All thin sections contain 1 to 2 percent iron 

oxides. Other minor minerals, each constituting less than 1 

percent of the rock, include oxyhornblende, zeolites, aegirine, 

augite, zircon, sphene, apatite, biotite, epidote, and clay 

minerals. Calcite is abundant in some specimens, but it ac

counts for less than 1/2 percent of the typical Mitchell Mesa 

Rhyolite. 

Quartz phenocrysts as long as 4 mm with the crystal 

habit of high-temperature quartz are present in every thin sec

tion. They range in abundance from less than 1 percent to more 

than 5 percent of the whole rock. Most quartz phenocrysts have 

both crystal faces and irregular edges, and many are embayed. 

Groundmass quartz commonly occurs as small equant grains asso

ciated with equant grains of alkali feldspar. There are tiny 

individual quartz crystals or brown chalcedony within gas cav

ities. Blue agate, jasper, and chert are each present in a 
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few specimens. 

Sanidine phenocrysts are the most distinctive feature 

of the thin sections. They make up from 5 to 20 percent of the 

rock, but commonly they range from 12 to 18 percent. The feld

spar phenocrysts are tabular-to-blocky euhedral-to-subhedral 

grains up to 4 mm long. Some have a crystal face on one side 

and irregular or fractured edges elsewhere. Some grains are 

embayed and a few are rounded. Some crystals are twinned ac

cording to the common twin laws of sanidine and a few have faint 

grid twinning. Although most crystals are optically continuous, 

a few have visible traces of perthitic texture. X-ray diffrac

tion study proved that all the sanidine crystals are crypto

perthitic. 

Magnetite occurs either as a replacement of oxhorn

blende, or as subhedral grains up to 1 mm across, or as finely 

disseminated grains in the groundmass (pl. IV D). Red iron 

oxides occur as rims around magnetite grains, as clusters of 

fine crystals, or as finely disseminated particles in the 

groundmass. 

Scattered grains of oxyhornblende were observed in 

about half the thin sections. The grains are euhedral crystals 

or cleavage fragments usually less than 0.5 mm long, but rarely 

as much as 1 mm long. Some grains are associated with clusters 

of magnetite, red iron oxides, and zircon. Oxyhornblende is 

formed by the oxidation of the iron in green hornblende at 

about 800°C (Barnes, 1930). In several thin sections, 



37 

oxyhornblende rims around green hornblende cores indicate in

complete reaction (pl. IV C) . 

McGrew (1955, p. 66) found augite in one thin sec

tion. The writer found a few grains, less than 1 mm across, 

of light green, non-pleochroic augite in thin section B28A, and 

possibly B28B, locality 32. 

Zeolites line cavities in a few thin sections. In 

one thin section analcime was positively identified (pl. VA), 

but zeolites in other thin sections were not specifically iden

tified. 

Calcite occurs in cavities (pl. IV C), in joints, in 

lenses in the friable zone, in the groundmass, and on weathered 

surfaces, In a few thin sections, fine-grained calcite re

placed the groundmass without destroying the pyroclastic texture 

in much the same way that clay replaced the groundmass in sample 

B31A (pl. VB). At localities 41, 42, and 45 calcite nodules 

weather out on the surface. In thin section, this calcite ap

pears as grains as large as 5 mm across associated with quartz. 

The pyroclastic texture is completely obliterated. Some nodules 

have cleavage fragments 2 inches across. 

Zircon and sphene are generally present in small 

euhedral to anhedral grains less than 0,05 mm across. Never

theless, a few sphene grains were observed as long as 0.2 mm, 

Only a few thin sections showed aegirine, biotite, 

apatite, and clay minerals; for example, only one grain of 

biotite was found in each of three thin sections of the 108 

examined, 
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PLATE V 

A. Photomicrograph of feldspar grain (A) surrounded by 

analcime, analcime surrounded by calcite, thin section 

Bl2D, locality 17. 

B. Photomicrograph of shard texture preserved in clay 

that replaced original feldspar, thin section B31A, 

locality 48. 

C. Photomicrograph of clay in holes in pumice fragment, 

thin section Bl6B, locality 19. 

D. Photomicrograph of optically continous overgrowths of 

quartz on quartz crystal, thin section B32D, locality 40, 
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Pumice 

Most pumice is recrystallized, obliterating its char

acteristic structure. The pumice cannot be distinguished from 

lenticular gas cavities filled with quartz and feldspar. Pumice 

can be identified where it is distorted around phenocrysts or 

lithic fragments, where it has feathered contacts with the 

groundmass because of flattening (pl. VI B), or where some of 

the characteristic texture is preserved in undistorted frag

ments (pl. V C). 

Brown Inclusions 

The brown inclusions have a cryptocrystalline to 

microcrystalline groundmass with about 20 percent alkali feld

spar phenocrysts. The groundmass looks glassy under low mag

nification because of abundant, disseminated iron oxide, but 

under high magnification and convergent light the tiny crystals 

of the groundmass are visible. The groundmass is microcrystal

line near the edges of the numerous pore spaces in the rock. 

This increase in grain size near the pores was probably caused 

by reaction between the groundmass and hot vapor in the open

ings as the ash-flow cooled. Bands of deeper brown (pl. VI D) 

in the groundmass are distorted around phenocrysts giving the 

rock a flow texture. 

Phenocrysts in the brown inclusions are different in 

several ways from feldspar phenocrysts of typical Mitchell Mesa 

Rhyolite. Those in inclusions are as long as 8 mm. They are 

deeply embayed and are optically zoned, but they do have the 
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PLATE VI 

A. Photomicrograph of optically continous feldspar overgrowths 

on feldspar crystal, thin section BlZD, locality 17. 

B. Photomicrograph of recrystallized distorted pumice fragment, 

thin section B34F, locality 36. 

C. Photomicrograph of embayed feldspar in a brown inclusion, 

thin section B32C, locality 40. 

D. Photomicrograph of flow layers in brown groundmass of a 

brown inclusion. Notice pores with larger crystals around 

edges. Thin section B32C, locality 40. 



42 

PLATE VI 

u 



43 

same Or/Ab ratio as phenocrysts from typical Mitchell Mesa 

Rhyolite. 

The brown inclusions probably were hot, plastic pieces 

of partially solidified magma torn from within the vent during 

the final stages of eruption of the ash-flow. 

Foreign Materials 

The most common types of foreign materials are micro

grained flow-rock, siltstone, and felsic porphyry. The frag

ment-filled zone below the base of typical Mitchell Mesa Rhyo

lite at locality 40 contains numerous clasts of non-welded ash

flow tuff (pl. VII A). 

Devitrification and Crystallization 

Zones of crystallization recognized as (1) the zone 

of devitrification, (2) the zone of vapor-phase crystallization, 

(3) the zone of granophyric crystallization, and (4) the zone 

of fumarolic alteration are superimposed on the primary zones 

of welding (Smith, 1960a). 

In the Mitchell Mesa Rhyolite only the zone of devit

rification and the zone of vapor-phase crystallization are pres

ent, The zone of devitrification was obscured either by vapor

phase crystallization, or by recrystallization of the silica 

minerals, or by both, Only a few thin sections of specimens 

collected near the base show evidence of devitrification such 

as axiolitic shards or spherulites. Actually spherulitic crys

tallization was found in only one thin section and even this 

example is partly obliterated by recrystallization (pl. VIII 
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PLATE VII 

A. Photomicrograph of non-welded ash-flow tuff clast from 

local ash - flow tuff below Mitchell Mesa Rhyolite at 

locality 40. Thin section B32A. 

B. Contact between Capote Mountain Tuff (light colored half 

of photomicrograph) and non-welded base of Mitchell Mesa 

Rhyolite at locality 44. Thin section A28A. 

C. Photomicrograph of non-welded zone at base of locality 

46. Notice shards are still glassy. Thin section Al7C. 

D. Photomicrograph of well preserved shard texture showing 

dense welding, thin section Bl8B, locality 22. 
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A, B). Axiolitic shard texture is common within 5 feet of the 

base of the formation. In specimens collected more than about 

5 feet above the base the shard texture is so obscured that it 

is impossible to determine the degree of welding. Many thin 

sections are even unrecognizable as ash-flow tuff. For example, 

Amsbury (1957) described the upper part of the formation near 

locality 40 as a micrograined flow rock. In some outcrops there 

is a progressive deterioration of pyroclastic texture from the 

base of the indurated zone to the top of the cooling-unit. The 

two extremes of preservation of pyroclastic texture are illus

trated by plates VII D and VIII D. The progressive deteriora

tion of pyroclastic texture, the increasing grain size of the 

groundmass, and the increasing development of optically con

tinuous overgrowths on the feldspar and quartz phenocrysts 

(pl. VD, VI A) from the bottom of the indurated zone to the 

top of the cooling-unit are effects of vapor-phase crystalli

zation. Other effects are the small, delicate crystals of 

quartz and the high-temperature feldspar in the gas cavities 

(pl.VIIIC). 

R. L. Smith (1960a) stated that tridymite and cris

tobalite rather than quartz are the primary silica minerals in 

the groundmass of Quaternary ash-flow tuffs, unless the simple 

cooling-unit is more than 600 feet thick, but that cristobalite 

and tridymite have been converted to quartz in many older ash

flow tuffs. Because the thickness of the Mitchell Mesa Rhyo

lite is much less than 600 feet, one may assume that tridymite 
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PLATE VIII 

A. Photomicrograph of radial crystallization in a spherulite, 

thin section Bl2BL, locality 17. 

B. Photomicrograph of recrystallization superimposed on 

devitrification that formed spherulite, thin section Bl2BL, 

locality 17. Notice needles of magnetite still aligned on 

direction of original radial crystallization. 

C. Photomicrograph of crystals in a gas cavity formed as a 

result of vapor-phase crystallization, thin section B34F, 

locality 36. 

C. Photomicrograph showing large cluster of dark green aegirine 

grains (black in center of picture) and disseminated smaller 

grains of the same mineral, thin section ASS, locality 16. 
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and cristobalite were its primary silica minerals and that they 

were later converted to quartz. 

Therefore, the dominant processes that affected the 

texture of the Mitchell Mesa Rhyolite were vapor-phase crys

tallization and conversion of tridymite and cristobalite to 

quartz. 

Welding 

R. L. Smith (1960a) defined three fundamental zones 

of welding: (1) the zone of no welding, (2) the zone of partial 

welding, and (3) the zone of dense welding. 

Because the pyroclastic texture of the Mitchell Mesa 

Rhyolite is obliterated it is impossible at most localities to 

distinguish the different zones of welding. By using field ob

servations, hand specimens, and thin sections it is possible 

to recognize a sequence of zones of welding in a few outcrops. 

For example, at localities 45, 46, and 47 four zones are rec

ognized. At locality 46 there is a non-welded zone about 2 

feet thick at the bottom of the formation (pl. VII C). The 

specimen collected from this zone is unique because it is the 

only one in which glass is still present. Above the non-welded 

zone there is a partially welded zone several feet thick, and 

above this, a densely welded zone recognized by the eutaxitic 

structure in hand specimens, the extreme compaction of pumice 

around phenocrysts, and the lack of gas cavities. The densely 

welded zone is about 15 to 25 feet thick. Above the densely 

welded zone there is another partially welded zone that extends 
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all the way to the top of the formation. 

Examples of the different degrees of welding in spec

imens collected near the base of various outcrops are shown in 

plates VII and IX. 

Temperature of Emplacement 

The eruption temperature for most rhyolitic pyroclas

tic rocks is probably below 900°C (R. L. Smith, 1960a). The 

conversion of green hornblende to oxyhornblende in extrusive 

rocks takes place at about 800°C (Barnes, 1930). The fact that 

some of the hornblende grains in this cooling-unit have not com

pletely converted suggests that the emplacement temperature was 

not much more than 800°C, which is well above the minimum 

welding-temperature calculated by Boyd (1961). 

Upper Cooling-Unit 

Generally the upper cooling-unit has a microcrystal

line to cryptocrystalline groundmass with wisps of devitrified 

brown glass, 10 to 15 percent quartz and alkali feldspar pheno

crysts, and abundant lithic fragments. There are no shard tex

tures in the groundmass, but distortion of wisps of devitrified 

brown glass around phenocrysts and inclusions gives the rock a 

flow texture (pl. X C). No effects of vapor-phase crystalliza

tion are seen in the groundmass. 

Mineralogy 

Quartz and alkali feldspar make up most of the work. 

Iron oxides, oxyhornblende, zircon, sphene, and pyroxene are 

also present. Pyroxene, probably augite, is more common than 
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PLATE IX 

A. Photomicrograph of collapsed bubble, thin section B9BL, 

locality 14. 

B. Photomicrograph of non-welded texture, thin section AS3E, 

locality 10. 

C. Photomicrograph of poorly preserved pyroclastic texture from 

which the degree of welding could not be determined, thin 

section Bl9F, locality 24. 

D. Photomicrograph of moderately well preserved pyroclastic 

texture of what is probably a densely welded specimen, thin 

section Bl9E, locality 24. 
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in the lower cooling-unit but still is less than 1 percent of 

the whole rock. 

Euhedral-to-subhedral opalescent alkali feldspar 

phenocrysts, many with a combination of broken and crystal 

faces, are up to 4 mm long. The Or:Ab ratio is similar to that 

of the feldspar phenocrysts of the lower unit but optical 

zoning (pl. X B) indicates that the An content varies within 

individual crystals. The feldspar is commonly deeply embayed 

(pl. X A) indicating that it was more out of equilibrium with 

its magma than the feldspar of the lower unit. No feldspar 

overgrowths were found. 

Quartz phenocrysts are not as common as in the lower 

unit. As long as 3 mm, they are deeply embayed. Quartz pheno

crysts have no overgrowths. 

Pumice 

Small fragments of pumice are easy to recognize be

cause of their characteristic pumice texture (pl. X D). It is 

impossible to distinguish cognate pumice from foreign pumice. 

Foreign Materials 

Fragments of foreign materials are common, constitu

ting up to 20 percent of the rock. They include ash-flow tuff, 

felsic porphyry, siltstone, and micrograined felsic rock. The 

micrograined felsic rock resembles the upper part of the lower 

cooling-unit and may represent fragments of the older unit 

picked up during eruption and emplacement of the upper unit. 
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PLATE X 

A. Photomicrograph of embayed feldspar, thin section ClC, 

locality, 42. 

B. Photomicrograph of zoned feldspar, thin section ClC, 

locality 42. 

C. Photomicrograph of flow texture in groundmass, thin 

section ClC, locality 42. Notice cleavage fragment of 

oxyhornblende. 

D. Photomicrograph of texture of undistorted pumice fragment, 

thin section ClC, locality 42. 
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Welding 

The upper cooling-unit is more indurated at the top 

than at the base. Possibly this variation represents an assem

blage of flow units in which the top one was hotter than the 

others, but no contacts were observed. The complete lack of 

evidence of vapor-phase crystallization rules out greater in

duration near the top as a result of this process. A photo

micrograph, plate X C, shows what seems to be compaction of 

groundmass around phenocrysts, but pumice from the same thin 

section (pl. X D) shows no evidence of compaction. The texture 

in plate 10 C probably represents flowing during emplacement. 

The upper part of this unit appears "fused" without compaction, 

Temperature of Emplacement 

The presence of oxyhornblende indicates an emplace

ment temperature of more than 800°C (Barnes, 1930). Tempera

tures required to accomplish welding within a few feet of the 

top of a flow are probably in excess of 800°C (R. L. Smith, 

1960a). 



STRUCTURAL STATE OF THE ALKALI FELDSPAR PHENOCRYSTS 

Lower Cooling-Unit 

Wright (1968) devised a simple method of determining 

the structural state of alkali feldspar directly from measure

ment of 2e values for two reflections, (060) and (204), ob

tained by x-ray diffraction. He prepared a graph plotting 2e 

(060) against 2e (Z04) for alkali feldspars of a known struc

tural state and composition. The structural state of a natural 

alkali feldspar can be determined by plotting its 2e (060) and 

2e (204) values on this graph. 

Each of 19 samples was mixed with an internal standard 

(annealed CaF2) and scanned four times at 0.2° 2e per minute 

from 52° to 41° 28 at a chart speed of one half inch per minute. 

The positions of the feldspar peaks were corrected against the 

known position of the (022) peak of CaF 2 . It was later dis

covered that the error between actual peak position and the 

position indicated on the chart was not constant over the scan

ning range. Twelve of the samples were rescanned twice from 

56° to 41° 2e to include two standard peaks of CaF 2 , (022) and 

(133) . These two peaks were used to make a correction curve 

for the scanning range. The average value for each of the 

twelve rescanned samples as well as the less accurate average 

-57
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value for each of the seven samples not rescanned is presented 

in figure 3. The values for the (060) and (Z04) peaks from 

which the points in figure 3 were plotted are given in table 1. 

If the 28 value for the reflection (ZOl) indicated 

by the plot of (060) against (Z04) differs by more than 0.1° 28 

from the value measured on the diffraction pattern, the feld

spar is termed anomalous (Wright, 1968). 

Anomalies in the (201) spacing were explained semi

quantitatively by J. V. Smith (1961), but there are numerous 

complications, and it is still not known to what extent the 

'apparent' structural state derived from anomalous feldspars 

departs from the true structural state (Wright, 1968). Never

theless, Wright and Stewart (1968) found that the 'apparent' 

structural state derived from a natural feldspar agrees with 

the structural state inferred from the geologic setting of the 
-

specimen. Figure 3 shows that 28 (201) values for the samples 
-

analyzed should fall between 21.6° and 21.72°. 28 (201) values 

for the nineteen samples were not precisely calculated, but 

each sample has two values, one at approximately 21.0° 28 and 

the other at approximately 22.0° 28. Thus, all nineteen sam

ples represented in figure 3 are anomalous. The 'apparent' 

structural states fall in a region between an approximation of 

an orthoclase-intermediate albite ion - exchange path and the 

sanidine-high albite ion-exchange path but closer to the lat

ter. This is the region of low sanidine as defined by Wright 

and Stewart (1968, p. 66). 
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Figure 3.--Structural state of the alkali feldspar pheno

crysts from the lower cooling-unit plotted on a graph for 

structural state of alkali feldspars from Ze (060) against 

(204) (after Wright, 1968). 
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Table !.--Average (060) and (204) peak values for 19 samples 

analyzed. (a) corrected against two CaF2 peaks, (022) and (133). 

(b) corrected against one CaFzpeak. 

a. 

sample 20(060) 20(204) Sample 20(060) 20(204) 

B34B 41.854 51.022 B32H 41.776 50.993 

B34C 41.819 51. 033 B32G 41.794 51.023 

B34D 41. 808 51.061 B32I 41.803 51.013 

B34E 41.840 51.035 B32C 41.791 50.979 

B34F 41.818 51.074 B32F 41.821 51.049 

B34G 41.818 51.024 B32B 41 , 813 51.031 

b. 

sample 20(060) 20(204) sample 20(060) 20(204) 

Bl9D 41.815 51.026 B38 41. 806 51.032 

A53D 41.762 50.965 B6A 41.790 51.010 

B29 41.787 51.027 A35 41.810 51,031 

B9A 41.794 51.012 
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No attempt was made to determine vertical or lateral 

variations in structural state within the unit. It is neces

sary to use the more precise refined unit-cell method of Wright 

and Stewart (1968) for the study of detailed variations within 

a suite of alkali feldspars . This method was not attempted 

because of the unknown relationship between 'apparent' struc

tural state and true structural state; that is, the effects of 

strain due to unmixing of cryptoperthites are not quantitatively 

understood. 

Upper Cooling-Unit 

Because the upper cooling-unit covered only a small 

area, no systematic study of the structural state of the alkali 

feldspar was attempted. One sample was scanned once from 56° 

to 41° 20 to determine the approximate structural state. The 

(060) and (Z04) peak values were within the range of values for 

samples of the lower unit. 



COMPOSITION OF THE ALKALI FELDSPAR PHENOCRYSTS 

Lower Cooling-Unit 

Most previous estimates of composition of the feld

spar phenocrysts of the Mitchell Mesa Rhyolite were based on 

2V measurements. Goldich and Elms (1949) called the feldspar 

'sanidine with a low 2V'. Erickson (1953) measured a 2V of 

40° and called the feldspar 'anorthoclase'. McAnulty (1955) 

measured a value of 35°, which he termed intermediate between 

the values for sanidine and anorthoclase. McGrew (1955) found 

a range in 2V from very small (sanidine) to 35° (anorthoclase). 

J. P. Smith (1967) attempted to determine the composition using 

2V of the feldspar in a number of samples of Brite Ignimbrite 

and got a range of 2V values from 18° to 58° from a single thin 

section. A range of 2V such as this is attributed to partial 

inversion from sanidine to orthoclase cryptoperthite (Tuttle 

and Bowen, 1958). MacKenzie and Smith (1956) reported ranges 

in 2V for alkali feldspar from a single thin section of other 

rocks. Finney and Bailey (1964) plotted the variation of optic 

angle with the degree of Al/Si order as a smooth curve, but 

according to Barth (1969) 2V is influenced by other factors, 

such as submicroscopic twinning or incomplete ordering. 

MacKenzie and Smith (1956) found that the relative amounts of 

-6 2 
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high-temperature and low-temperature sodium feldspar phases 

present in thos alkali feldspar cryptoperthites with two sodium

rich phases can affect the size of the optic angle. It is 

clear that ZV cannot be used for determining the composition 

of cryptoperthites. 

Donnay and Donnay (1952) listed the composition of 

high-temperature feldspar from Mitchell Mesa as Ab 56 . 2 , An 0 . 8 , 

and Or 43 . 0 in weight percent. Their data were supplied by W. S. 

MacKenzie, but they did not indicate his method of analysis. 

MacKenzie and Smith (1956) gave the bulk composition of the 

feldspar as or42 . 9 , Ab 56 . 3 , and An 0 . 8 weight percent by chemical 

analysis and as by x-ray diffraction. They reported Or92 . 0Or44 

and Ors.a for the separate phases, also by x-ray diffraction. 

Tuttle and Bowen (1958) gave the chemical composition as Or43 . 3 , 

the composition by x-ray diffraction as Or 44 , and the composi

tion of the separate phases as Or and Or by x-ray diffrac98 2 

tion. They did not specify whether these values are in weight 

percent or mole percent. In my study, composition was deter

mined by x-ray diffraction and checked against chemical analyses 

of selected specimens. 

Orville (1963) published an x-ray determinative curve 

for the sanidine-high albite series in which mole percent of 

orthoclase (Or) is plotted against the 20 for the (201) reflec

tion of feldspar minus 20 for the (101) reflection of potassium 

bromate. According to Orville, estimates of composition are 

accurate within 2 mole-percent Or, and results from a single 
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sample are reproducible within 0.6 mole percent. 

For this study, rock specimens were crushed and 

sieved, and the fragments between 1 mm and 2 mm, handpicked 

for feldspar phenocrysts. In order to avoid small particles 

of groundmass or quartz attached to the feldspar fragments and 

to avoid inclusions within the feldspar, only the cleanest, 

clearest feldspar fragments were chosen for analysis. This 

selection technique undoubtedly introduced a sampling bias. 

The effects of this bias will be discussed hereinafter. 

All but one of the unheated feldspar separates anal

yzed have two sharp (201) reflections. The exception, sample 

AS3D from locality 11, has two broad (201) peaks that represent 

two groups of phases, one potassium-rich and the other sodium

rich, and a sharp intermediate (ZOl) peak that represents the 

bulk composition of the specimen (fig. 4). A53D represents in

complete exsolution. Similar examples from other localities 

include the anorthoclase from Grande Calderia, Azores (MacKenzie 

and Smith, 1956), and the sanidine from the "Pietra Verde" of 

the Dolomitic Region, Italy (Callagari and De Pieri, 1967). 

A53D is from the friable zone at the base of the section. Ex

ceptionally rapid cooling is probably the cause for this un

usual sample. Samples collected a few hundred yards away were 

'normal'. 

The composition of the exsolved phases by Orville's 

method are and Or0 . Yet, because of strains inducedOr100 + 

during unmixing, the lattices of the phases of the cryptoper
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thite are distorted and the (201) reflections for the phases 

present give false values and even some impossible values of 

mole-percent Or (J. V. Smith, 1961). 

Even if the compositions of the exsolved phases can

not be determined by using the (ZOl) reflection, the bulk 

composition of the specimens can be, provided that the feldspar 

is homogenized at 900°C for 48 hours. Figure 4 shows a com

parison of (201) peaks before and after heat treatment. 

Table 2 gives the bulk composition of 23 samples. 

The range in composition is 7.1 mole-percent Or and the average 

is 41.7 mole-percent Or. The content of An cannot be deter

mined by this method; nevertheless, eight chemically analyzed 

specimens contained less than 1 percent An (table 3). Thus, 

bulk composition can reasonably be treated only in terms of Ab 

and Or. 

Table 4 is a comparison between compositions deter

mined by x-ray diffraction and by atomic-absorption spectro

photometry. The results agree within 3.2 mole-percent Or, 

which is good agreement considering the inaccuracies in anal

yzing for sodium and potassium by atomic-absorption spectro

photometry and the possible bias in selecting grains for 

analysis. 

To test for this bias, four individual crystals from 

sample B6A were analyzed separately by x-ray diffraction. The 

results are presented in table 5 along with four duplicate an

alyses by the same method for a well mixed powder from the 
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Table 2.--Composition of alkali feldspar phenocrysts by x-ray 

diffraction. Values in mole percent. 

Sample Or Sample Or Sample Or 

B34D 39.8 B34B 41. 3 BllA 39.7 

B34E 39.5 B34C 39.5 B9D 41.1 

B34G 30,8 B34F 39.2 B7A 42.3 

B32G 42.4 B32F 42.0 B7B 41. 8 

Bl9D 4 2 . 7 B32B 40.5 Bl8D 41. 0 

B9A 42.3 B29 41. 3 Bl8B 46.3 

B38 44. 7 B6A 41. 2 Bl7C 45.7 

A53D 43. 4 A35 43.2 

Table 3.--Bulk composition of feldspar phenocrysts by chemical 

analysis by atomic-absorption spectrophotometry. CaO values 

were all reported as 0,1 weight percent even though they may 

be slighly greater or smaller (Karl Hoops, analyst, oral com

munication 1970). Values in mole percent. 

Sample Or Ab An Sample Or Ab An 

Bl9D 45.7 53.8 0. 5 A53D 41. 8 57.7 0.5 

B34 D 4 2. 3 57.2 0. 5 B9A 44.7 54.8 0. 5 

B34E 41.7 5 7. 8 0. 5 B32H 42.4 57.1 0. 5 

B34G 40.5 59.0 0. 5 B38 4 2 .1 57.4 0. 5 
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Table 4.--Composition of alkali feldspar phenocrysts by x-ray 

diffraction compared with chemical analyses. Chemical analyses 

recalculated in terms of Or and Ab only. All values in mole 

percent. 

Or Or 
Sample by X-ray diffraction by chemical analysis difference 

B34D 39 . 8 42.5 2. 7 

B34E 39.5 41. 9 2. 4 

B34G 39,8 40. 7 0,9 

B32H 42.4 42.6 0. 2 

Bl9D 42.7 45.9 3.2 

B9A 42,3 44.9 2. 6 

B38 44.7 41.9 2. 8 

A53D 43. 4 41.6 2. 8 

Table 5.--Composition from repeated analyses of a well mixed 

powder of B6A, and composition of individual crystals from B6A. 

Analyses by x-ray diffraction. 

WELL MIXED POWDER INDIVIDUAL CRYSTALS 
NO. MOLE % OR NO. MOLE % OR 

1 40.6 1 44.0 

2 41. 5 2 45.0 

3 41. 3 3 42.1 

4 41.6 4 41. 5 
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same sample. The range of values for the individual crystals 

is 3.5 percent Or, whereas the r an ge for the duplicate analyses 

of well mixed powder is only 1 percent . It is clear that lack 

of precision in repeated measurements cannot account for the 

range of values for individual crystals. 

Non-random hand-picking of grains from sample B6A 

produced a maximum range of composition equal to half the range 

of values of all 23 samples of table 1. 

There are three possible explanations for the compo

sitional variations between individual crystals. First, one 

may assume that the feldspar was completely homogenized after 

heat treatment, basing this assumption on the sharpness of the 

resulting (ZOl) peak. It is possible that a small amount of 
-

an unhomogenized phase remained with a (201) peak so low as to 

be undetectable. Heating at 900°C for 48 hours should be suf

ficient to rehomogenize sanidine and high albite, but other 

phases, such as orthoclase or intermediate or low albite, might 

require a higher temperature. The variation in 2V from crystal 

to crystal in a single specimen of the lower cooling-unit indi

cates that there may be differences in the number of phases 

present and in the relative amounts of each phase from crystal 

to crystal. One crystal might have only sanidine and high 

albite and therefore completely homogenize at 900°C. The next 

crystal might have sanidine, orthoclase, and high albite. Heat 

treatment of this second crystal at 900°C could leave the ortho

clase unmixed and the sanidine and high albite homogenized. 
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The bulk composition of different crystals as determined by 

x-ray diffraction could vary as a result of variations in the 

kind and amount of phases left unmixed from crystal to crystal. 

Secondly, zoning in feldspar could account for dif

ferences in composition from crystal to crystal. Complete 

crystals would retain the potassium-rich outer zone and thus 

have a different bulk composition from a crystal fragment that 

had lost some or all of the potassium-rich outer zone. Of the 

few zoned crystals in thin section, all were either in inclu

sions or in the upper cooling-unit. Most thin sections have 

phenocrysts with optically continuous overgrowths. The feld

spar in the groundmass and cavities has a higher Or content but 

approximately the same structural state as the phenocrysts. 

The overgrowths formed at the same time that the groundmass was 

recrystallized and probably have the same composition as the 

feldspar in the groundmass. If this is the case, compositional 

zoning of the phenocrysts does exist. Examination of the pheno

crysts with the electron microprobe would be useful in testing 

for this zoning. 

Thirdly, one might assume that a composition gradient 

existed in the magma chamber before the eruption of the Mitchell 

Mesa Rhyolite whereby the feldspar in different levels within 

the chamber could have had different Or/Ab ratios. Mixing 

during emplacement would result in crystals with different com

positions within a single specimen. Lipman (1967) described 

mixing during emplacement of an ash-flow sheet from Asa Caldera, 
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southwestern Japan. 

One method of examining the relative merits of the 

second and third explanations would be to determine the compo

sition of individual crystals from specimens that have no evi

dence of overgrowths in thin section. Unfortunately time was 

not available in this study for the detailed work necessary to 

discover to what extent either of these two explanations is 

valid. 

Upper Cooling-Unit 

The approximate Or content of the one sample from the 

upper cooling-unit analyzed by x-ray diffraction is within the 

range of compositions reported for the lower unit. However, 

the peak is broad, and no specific value could be obtained. 



WHOLE-ROCK CHEMICAL ANALYSES 

Four of the five whole-rock chemical analyses in table 

6 are new with this report. The four samples, selected to be as 

representative as possible of the lower cooling-unit, are from 

widespread localities and include material from Brite Ignimbrite 

and Mitchell Mesa Rhyolite. Great care was taken to avoid the 

effects of weathering, secondary minerals, and inclusions of 

foreign materials. Three of the samples B32D, Bl8C, and Bl8C 

not only fit the above criteria but also came from similar posi

tions in the formation at their respective localities and look 

somewhat alike in hand specimen . B2 7 was chosen primarily for 

its geographic location near the edge of the formation, far 

away from the other specimens. 

Table 7 gives ClPW norms computed for the four new 

analyses. The norm percentages of quartz, orthoclase, and 

albite, recalculated to 100 percent, are plotted on the ternary 

diagram for the system Si0 2-KalSi 30 8-NaA1Si 3o8 at SOO bars water 

pressure in figure Sa. The average value for the 4 norms of 

this report and the norm of Daly's average rhyolite (Daly, 1933) 

fall very close to the isobaric quaternary minimum for SOO bars 

water pressure in figure Sb. 

Peterson and Roberts (1963) found that welded tuffs 

of the Basin and Range Province of the western United States 

- 7 2
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Table 6.--Whole-rock chemical analyses. For the four new 

analyses the analytical method is indicated at the right. 

Values in weight percent. tr. = trace; n.f. = not found. 

Locality no. 31 40 5 22 Mitchell Mesa analytical 
Goldich and Elms method 

sample no. B27 B32D BllC Bl8C (1949, p. 1162) 

Si0 2 77.0 76.1 76.6 77.6 78.8 A 

Al 20 3 9.9 11.6 11.4 11.0 9.95 A 

Fe 2o3 1.54 1.76 1.79 1.76 1. 40 D 

FeO tr. n.f. n.f. n.f. 0.10 D 

5,83 4.90 5.95 5.75 6.34 c 

2.28 3.84 3.12 2.84 1. 78 c 

1.29 0.22 0.14 0,14 0.35 B 

MgO 0.18 0.28 0.13 0.07 0 , 16 B 

MnO 0.07 0.11 0.11 0.05 0.08 A 

Ti0 0.21 0.22 0.21 0.21 0.20 A 
2 

0.03 0.02 0.02 0.03 0.03 AP205 

H o- 0.10 0.15 0.17 0.17 0.11 E 
2 

H o+ 0.63 0.43 0.39 0.38 0.41 E 
2 

co 0.90 0.10 n.f. 0.03 0. 2 7 E 
2 

A. Colorimetry 
B. Atomic Absorption Spectrophotometry 
C. Flame Photometry 
D. Total Iron, Colorimetry--FeO by Titration 
E. Gravimet ry 
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Table 7.--CIPW norms calculated from the new chemical analyses 

of table 6. Values in weight percent. 

B27 B32 D BllC Bl8C 
Quartz 41.13 34.56 35.54 38.82 

Orthoclase 34.57 28 . 95 35.18 33.96 

Al bite 18.31 32.52 25.49 24.02 

Qtz+Ab+Or 94.06 96.03 96.21 96.80 

Anorthite 0.31 

Acmite 0.83 0.79 

Diopside 0.22 0.09 0.32 

Hypersthene 0,35 0.65 0.17 0.17 

Hematite 0.25 1. 76 1. 52 1. 76 

Ilmenite 0 .15 0 .24 0.24 0.11 

Calcite 2. 04 0.23 0.07 

Sphene 0.31 0.24 0.20 0.14 

Rutile 0.10 
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fall into two groups when plotted on a diagram of the differ

entiation index (Thornton and Tuttle, 1960) versus Si0 2 content 

(fig. 6) or on a diagram of the differentiation index versus 

percent phenocrysts (fig. 7). In both figures the four anal

yses of this report plot as expected, in the area of rhyolitic, 

crystal-poor welded tuffs. 

According to Rittman's classification (Rittman, 1952) 

the Mitchell Mesa Rhyolite is an alkali rhyolite. 

The CIPW norms (table 7), excepting B32D, have a sig

nificantly higher Or/Ab ratio than indicated by the phenocrysts. 

One explanation for this difference is a higher Or:Ab ratio for 

the feldspar in the groundmass. X-ray diffraction patterns of 

phenocrysts, whole rock, and groundmass for sample BllC (fig. 8) 

serve as a test of this hypothesis. The peaks between 34° and 

36°20 were chosen to represent the relative amounts of Or and 

Ab in the feldspar because there is no interference for either 

the albite peak or the sanidine peaks or from other feldspar 

peaks or quartz peaks. The heights of the respective peaks 

indicate the gross relative amounts of Or and Ab; it is clear 

that the groundmass has a higher Or:Ab ratio than the pheno

crysts. 
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B. 

• AVERAGE VALUE THIS 
REPORT 

A OALY's AVERAGE RHYOLITE 
(DALY, 1933) 

water pressure (after Tuttle and Bowen, 1958). (A) four norms 

of table 7 plotted individually. (B) average value for 4 norms 

of this report and the value for Daly's average rhyolite. 
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Figure 6.--Plot of the norms of table 7 on a diagram for 

the differentiation index versus percent Si0 2 (after Peterson 

and Roberts, 1963). 
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Peterson and Roberts, 1963). Areas within which Peterson and 

Roberts's two groups of ash-flow tuffs were plotted are out

lined by dashed lines. 
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UNITY OF MITCHELL MESA RHYOLITE AND BRITE IGNIMBRITE 

The Mitchell Mesa Rhyolite and the Brite Ignimbrite 

are part of the same ash-flow sheet. Thin sections cut from 

typical specimens of Brite Ignimbrite can hardly be distin

guished from those cut from typical Mitchell Mesa Rhyolite. 

The same minerals are present in essentially the same percent

ages and have the same textural relationships. There are some 

differences. At the base of many outcrops of Brite Ignimbrite 

is a distinctive crystal-poor non-welded zone in lieu of the 

friable, crystal-rich zone at the base of outcrops of Mitchell 

Mesa Rhyolite. Many Brite outcrops also have debris-filled 

zones near the base, and the brown inclusions described in a 

previous section are present only in Rim Rock country outcrops 

of the ash-flow sheet . The upper cooling-unit is present only 

in Brite outcrops on either side of Capote Draw. All these 

differences can be attributed to the proximity of Brite out

crops to the source area. At the northern limit of Brite out

crops near Valentine, Brite Ignimbrite is petrographically 

indistinguishable from Mitchell Mesa Rhyolite from base to top. 

It has been shown in a previous section that, if care 

is taken in selecting typical samples, chemical analyses from 

scattered parts of the formation are similar. 

The name Mitchell Mesa Rhyolite should now be used to 
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apply to all outcrops mapped as Brite Ignimbrite. As long as 

there was uncertainty about the identity of the two units, the 

use of two names was justified. The continued use of two names 

will only lead to confusion for those unfamiliar with the geol

ogy of southern Trans-Pecos Texas. The main arguments for using 

the name Mitchell Mesa rather than Brite are its priority and 

more widespread use in published literature. 

The unity of Mitchell Mesa Rhyolite and Brite Ignim

brite establishes the ash-flow sheet as the most widespread 

formation and the key bed of the Trans-Pecos Texas Tertiary 

volcanic sequence. 



SOURCE AREA 

The source area for the Mitchell Mesa Rhyolite is in 

the northern Chinati Mountains. Sewell (1955) was the first 

to suggest this possibility. A thin ash-flow deposit, the re

sult of a localized ash-flow, at the base of locality 40 near 

the head of Pinto Canyon probably is only a short distance from 

its source. Debris-filled zones are concentrated in outcrops 

closest to the proposed source area. 

The Pinto Canyon area, immediately north of the 

Chinati Mountains, is the only area wherein Mitchell Mesa Rhyo

lite is associated both directly above and below with flows 

and ash-flow tuffs. Everywhere else the formation is directly 

underlain by tuffs and fluvial deposits, except where it thins 

over Tule Mountain Trachyandesite. Moreover, the ash-flow 

sheet thins in all directions away from the northern Chinati 

Mountain area. 

According to R. L. Smith's volume scale (1960a, p. 

819) the Mitchell Mesa Rhyolite is a sixth-order ash-flow sheet. 

Smith believed that ash-flow sheets of this order of magnitude 

are everywhere associated with collapse structures (volcano

tectonic depressions), but that specific vents of emission of 

the ash-flow are always destroyed or rendered unrecognizable 

(Smith, 1960a). The northern Chinati Mountains area could be 
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a large scale volcano-tectonic depression or collapsed caldera, 

the only one within the limits of the Mitchell Mesa ash-flow 

sheet, Unfortunately post-Mitchell Mesa eruptions and intru

sions have destroyed any obvious evidence of such a feature. 

Probably the northern Chinati Mountains area is an important, 

perhaps the most important, eruptive center in the Tertiary 

volcanic field to Trans-Pecos Texas. The Chinati Mountains 

area is worthy of more detailed future study. 
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APPENDIX 

The geographic position of each locality is indi

cated on plate XI. As a precaution against the loss of plate 

XI, localities are listed by latitude and longitude to the 

nearest 0.1 minute. Thicknesses were estimated with the aid 

of a measuring tape, a jacob's staff, or a hand level. Thick

nesses are rounded off to the nearest 5-foot interval. All 

thicknesses are for the lower cooling-unit (l.c.u.) unless 

specifically assigned to the upper cooling-unit (u.c.u.). At 

a few localities samples were collected but the thickness was 

not determined (n.d.). At those localities where both the 

upper and lower cooling-units are present, relative propor

tions of upper and lower cooling-units are approximate because 

the contact between them could not be precisely determined. 
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Localities by Latitude and Longitude 

locality number north latitude west longitude 

1 30° 11.0' 103° 40.0' 
2 06.2' 43.6' 
3 05.0' 43.7' 
4 05.1' 43.8' 
5 05.5' 44.2' 
6 05.4' 44.2' 
7 05.3' 44.0' 
8 05 .6' 44.1' 
9 30° 01. 7 I 44.3' 

10 290 5 8 • 5 I 43.4' 
11 290 58.5' 43.7' 
12 290 59.5' 47.3' 
13 30° 00.0' 49.1' 
14 30° 00 . 5' 50.4' 
15 290 59.6' 103° 53.1' 
16 30° 08.6' 104° 00.9' 
17 30° 02.5' 103° 56.3' 
18 290 54.7' 53.4' 
19 51, 5 I 52.8' 

A 50.2' 52 • 5 I 

20 49.6' 53.0' 
21 49.4' 48.2' 
22 48.0' 52.6' 
23 46.5' 56.8' 
24 44.9' 53.4' 
25 44.8' 52.6' 
26 40.4' 52, 5 1 

27 40.4' 50.0' 
28 36.4' 48.1' 
29 29 • 2 I 58.3' 
30 17.1' 55.0' 
31 16.9' 103° 59.3' 
32 2 2 , 2 I 104° 04.5' 
33 z90 29.9' 13.9' 
34 30° 07.8' 08.6' 
35 13 • 7 I 18.2' 
36 1 2 , 2 I 2 7 • 3 I 

37 20 • 5 I 26 • 2 I 

38 10.9' 26.7' 
49 05.8' 29.7' 
40 06.3' 31.1' 
41 07.0' 31. 9 I 

42 08.8' 32.3' 
43 13.6' 32.8' 
44 14.9' 32.3' 
45 17.0' 31.7' 
46 17.4 1 33.4' 
47 17 • 7 I 33.4' 
48 31. 5 1 35.3' 
49 30° 37.3' 104° 40.8 1 
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Thicknesses 

Locality Thickness Locality Thickness 
number in feet number in feet 

1 35 28 25 
2 50 29 n.d. 
3 n.d. 30 10 
4 n.d. 31 15 
5 115 32 25 
6 n.d. 33 30 
7 n.d. 34 85 
8 n. d. 35 10 
9 40 36 u.c.u. 80 

10 50 1.c.u. 220 
11 35 37 25 
12 n.d. 38 u.c.u. 85 
13 35 1. c. u. 230 
14 25 39 u.c.u. 100 
15 30 only 
16 30 40 u.c.u. 100 
17 60 1. c. u. 220 
18 50 41 u.c.u. 60 
19 100 1. c. u. 160 

A 40 42 u.c.u. 60 
20 140 1. c. u. 150 
21 90 43 100 
22 50 44 80 
23 55 45 75 
24 30 46 110 
25 30 47 110 
26 50 48 15 
27 35 49 40 
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Thin Sections by Locality and Position in Section 

Locality No. Thin section No. Position in section 
(above base) 

1 A4S 3S feet 
A44 22 feet 
A43E 18 inches 

s BllD 113 feet 
BllC s feet 
BllB 12 inches 

10 B7B 8 feet 
B7A 6 inches 

11 ASS 3S feet 
AS4 4 feet 
AS3 3 feet 

12 BlO (blue agate) n.d. 
BlO (jasper) n.d. 

14 B9E 2 O feet 
B9D 10 feet 
B4C 4 feet 
B9B 6 inches 

16 ASS near base 
17 Bl2D 60 feet 

Bl2C 12 feet 
Bl2BL 4 feet 
Bl2A 3 feet 

19 Bl6H 70 feet 
Bl6G 4 S feet 
Bl6F 21 feet 
(contact between ash-flow tuffs 
see plate IB) 

Bl6D 20 feet 
Bl6C 10 feet 
Bl6A 6 inches 

20 Bl7E 120 feet 
Bl7D 3S feet 
Bl7C 412 feet 
Bl7B 2 feet 
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Continued.-

Locality No. Thin section No. Position in section 
(above base) 

22 Bl8E 
Bl8D 
Bl8C 
Bl8B 

43 
28 
10 

6 

feet 
feet 
feet 
inches 

24 Bl9G 
Bl9F 
Bl9E 

18 
6 

18 

feet 
feet 
inches 

27 B21E 
B21D 
B21C 
B21B 
B21A 

15 feet 
10 feet 

9 feet 
5 feet 

2~ feet 

29 B30 n.d. 

30 
31 
32 

B26 
B27 
B2 8B 
B28A 

5 
8 
2 
1 

feet 
feet 
feet 
foot 

33 B29 n.d. 

35 B35 n.d. 

36 B34A 
B34B 
B34C 
B34D 
B34E 
B34F 
B34G 

300 feet 
230 feet 
205 feet 
172 feet 
116 feet 

12 feet 
6 inches 

40 Al 
AS 
B32G 
B32F 
B32E 
B32D 
B32C 
B32B 
B32A 
B32I 
B32H 

Pet an Basalt 
25 feet 

315 feet 
185 feet 
160 feet 
140 feet 

70 feet 
20 feet 

2 feet* 
5 feet* 

10 feet* 

*Below base--from local ash-flow tuffs. 
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Continued. - 

Locality No. Thin section No. Position in section 
(above base) 

41 B33D 190 feet 
B33C 150 feet 
B33B 50 feet 
B33A 5 feet 

42 ClC 210 feet 

44 A36 80 feet 
A34 12 feet 
A33 7 feet 
A32 4 feet 
A31CU 2 feet 
A31A 20 inches 
A30C 17 inches 
A30B 15 inches 
A30A 12 inches 
A30B 15 inches 
A30A 12 inches 
A28 at base 

45 A40 20 feet 
A39 16 feet 

46 A20A 15 feet 
Al9B 4 feet 
Al7C 18 inches 

48 B31B 6 feet 
B31A at base 

49 B38 n.d. 
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