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ABSTRACT 

The Big Aguja Sill is located in the northeast 

Davis Mountains in Jeff Davis County, Texas. The purpose 

of investigating this unit is to delineate the horizontal 

extent of the Big Aguja Sill, to determine if the unit was 

intrusive, to determine its relationship to the Huelster 

and Washington Tank Formations and to determine its rela

tionship to the Star Mountain Rhyolite. Field work indi

cates that the Big Aguja Sill, if continuous and exposed, 

would have covered 100 square miles. The Big Aguja Sill 

was intruded as a finely crystalline, soda-rich, peralka-

liiû  I iMchyLt; porphyry aloiKj the contael of Ihc IluelfUrr 

and Washington Tank Formations. The Big Aguja Sill and the 

Star Mountain Rhyolite shared a common origin and possibly 

a common vent. 

Field work, petrographic and chemical analyses in

dicate that the Big Aguja Sill is a massive, homogeneous 

unit. The predominant phenocrysts are anorthoclase, but 

sanidine and mafic phenocrysts also occur. Most pheno

crysts show resorption and exsolution. The ground mass is 

composed of feldspar with minor amounts of mafic minerals, 

glass and opaques. Quartz grains are small and rare. 

Pilotaxitic texture is the most striking textural aspect. 



INTRODUCTION 

Purpose of investigation 

The following is a report on the results obtained 

from a petrographic and petrologic investigation of an 

intrusive unit, the Big Aguja Sill (Gibbon, 1969), in the 

northeast Davis Mountains of Trans-Pecos Texas. This 

study hopes to answer the following questions. 

1) Is the Huelster Formation absent in the localities 

where this body is present? 

2) Is this material, in fact, of intrusive origin? 

3) If the Big Aguja Sill proves to be of extrusive 

origin rather than of intrusive origin, what is 

the relationship between lithically similar units 

such as the Star Mountain Rhyolite? 

4) If of intrusive origin, what is the relationship 

of this unit to the Tertiary extrusive rocks 

of the region? 

Location 

The Davis Mountains, covering an area of 2000 

square miles in Trans-Pecos Texas, occupy the south-eastern 

border of the Diablo Plateau. The Delaware and Marfa basins 

occupy the areas to the northeast and southwest respectively 

(King, 1942). The area in question covers 144 square miles 

of the Davis Mountains in northern Jeff Davis and southern 



Reeves Counties (fig. l). The Barrilla Mountains flank 

the Davis Mountains on the northeast. 

The area is readily accessible from Balmorhea via 

State Highway 290 that continues west to Van Horn and east 

to Fort Stockton and by State Highway 17 from Toyahvale 

south to Fort Davis. The heart of the area, which lies on 

the Avery Ranch, is reached by private ranch roads which 

criss-cross the area. 

Methods of investigation 

The research involved in this thesis consisted of 

laboratory work on samples collected during the first two 

weeks of 1971. Although the area had been mapped pre

viously (Brand, unpublished), only correlative work pertain

ing to the relationship of the Big Aguja Sill, Huelster 

Formation, Star Mountain Rhyolite and Washington Tank Forma

tion (Brand, proposed) has been attempted. 

Hand samples were inspected for their macroscopic 

characteristics; thin sections were inspected with polariz

ing light. The specimens were then subjected to x-ray 

fluorescence analyses in order to gain accurate Si02 per

centages; this method was also used to gain the percentages 

of several other oxides. Some selected samples were in

spected with reflected light in an attempt to identify any 

metallic minerals in the samples. 
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Fig. 1. Geographic index map 



Previous work 

Although little work has been done on the northeast 

flank of the Davis Mountains, a relatively large amount of 

work has been done in the central portion of this area. 

The first geologist to show interest in the Davis 

Mountains was Von Streeruwitz, who, in the late 1800's 

made a general survey of the late Paleozoic rocks in the 

area. He also sampled the extensive volcanic series pres

ent. At the turn of the century, many of his samples were 

analyzed and interpreted by Ossan, whose initial report 

indicated a high alkali content for the igneous rocks of 

the Davis Mountains. 

Baker and Bowman (1917) initiated some exploratory 

work in the southeast front range of Trans-Pecos Texas and, 

from this work, concluded that the majority of rocks in 

this area were poor in magnesium. Ten years later. Baker 

did further work in southwestern Trans-Pecos Texas. In 

1934 he surveyed some of the major structural features in 

Trans-Pecos Texas. 

King (1935) then published an outline of the struc

tural development of Trans-Pecos Texas. 

Lonsdale (1940) studied the igneous rocks of the 

Terlingua-Solitario region. Skinner (1948) documented the 

occurrence of Permian and Jurassic rocks beneath the vol

canic cap of the Davis Mountains and further postulated 
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the occurrence of pre-Permian rocks in the area. Goldich 

and Elms (1949) studied the stratigraphy of and petrology 

of the Buck Hill Quadrangle approximately 45 miles south-

southwest of the area in question; their work resulted in 

the recognition of the Buck Hill Volcanic Series. 

During the 1950's, several graduate students from 

the University of Texas and Texas Technological College 

worked in the Davis Mountains. Eifler (1951) studied the 

volcanic rocks in the Barrilla Mountains and established 

the McCutcheon Volcanic Series. Rix (1951), Taylor (1952), 

Wheeler (1954) and King (1958) investigated volcanic and 

sedimentary units along the northern and northeastern fronts 

of the Davis Mountains. Moon (1953) published the geology 

of the Agua Fria Quadrangle and Erickson (1953) described 

the stratigraphy and petrology of the Tascotal Mesa Quad

rangle. McAnulty (1955) described the geology of the 

Cathedral Mountain Quadrangle and extended, with some modi

fication, the Buck Hill Volcanic Series of Goldich and Elms 

northward to the Alpine, Texas area. Brand and DeFord 

(1958) proposed new terminology for the Comanchean units 

in the northern Davis Mountains near Kent. Brand (un

published) did additional mapping and proposed new names 

for the Gulfian units in the northeastern Davis Mountains. 

The exploration of the Davis Mountains continued 

in the 1960's. Anderson (1962) completed a textural study 

of the volcanic rocks in the area; he discussed the 



occurrence of "snowflake" texture for the volcanic series 

in the central Davis Mountains. Snyder (1962) investigated 

the silicification of some of the extrusive rocks in the 

area. Greenlee (1963) studied the petrography and petrology 

of the north-central Davis Mountains. Cayce (1963) used 

trace elements to correlate the rhyolitic lava flows in the 

north-central portion of the Davis Mountains. Further work 

by Anderson (1968) resulted in a survey of the igneous geol

ogy of the central Davis Mountains. The most recent work 

is that of Gibbon (1969) in which the origin and develop

ment of the Star Mountain Rhyolite in the northeast Davis 

Mountains was studied. 



GEOGRAPHY 

Landforms and development 

The northeastern flank of the Davis Mountains marks, 

approximately, the southwestern margin of the Permian Dela

ware Basin. Physiographically, the Davis Mountains can be 

thought of as a plateau, containing up to 2000 feet of 

extrusive igneous rocks, which dip to the southwest and 

unconformably overlie Cretaceous strata. 

The linearity of the northeast front of the Davis 

Mountains is the topographic expression of the scarp of 

the Stocks Fault (Brand and DeFord, 1958) (fig. 2). This 

block is marked by a relatively large number of landslide 

scars and mounds. A number of these are toreva blocks 

which have moved down slope as one coherent unit. These 

toreva units parallel the front of the block and decrease 

in angularity away from the mountain front. The result is 

a system of low hills in front of the block. However, not 

all of the hills flanking the blocks are the result of 

landslides; some are the erosional remains of down faulted 

beds (Brand, unpublished). 

The topographic relief in the area is controlled 

by the lithology of local formations, the stream patterns 

and the climate. The shallow dipping Tertiary volcanics 

can be considered to be essentially horizontal in this 

area as they are dissected by dendritic streams. These 

8 



Fig. 2, Photograph of the northeast flank 
of the Davis Mountains. From left to right are 
the northern flank of Big Aguja Mountain, Little 
Aguja Mountain and Timber Mountain. 
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streams, for the most part intermittant, are fed by intense 

thunderstorms during the summer months resulting in damag

ing floods and mass movement of materials down the canyons 

and washes in the area. The resulting relief for this sec

tion of the Davis Mountains is 3000 to 3500 feet. The major 

topographic features in the area are, proceeding from south

east to northwest, Star Mountain (63 50 feet), Big Aguja 

Canyon, Big Aguja Mountain (5743 feet), Little Aguja Canyon, 

Little Aguja Mountain (4850 feet), Madera Canyon, Timber 

Mountain (6442 feet) and Cherry Canyon (fig. 1). 

Generally speaking, this area can be thought of as 

a topographic low bounded by the Davis Mountain block on 

the southwest and the Barrilla Mountains to the south. The 

northern boundary is indistinct as it merges with the flat 

topography of the "Pecos Plain." This basin drains into 

Toyah Lake. 

Land use 

Ranching is the chief industry in the northeast 

Davis Mountains. The vegetative cover is sparse and is a 

community of desert flora. The flora includes catclaw, 

mesquite, various cacti and yucca and creosote brush. 

Short grasses cover the intercanyon area away from the 

scarp of the mountains. Proceeding up into the mountains, 

ocotillo, cactus and yucca become more common. Pinon, 

juniper, scrub pine and oak occur at the higher reaches 
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of the area. 

This type of vegetation cannot support large popu

lations of cattle, goats, horses, or sheep which are the 

mainstay of the area. The amount of rainfall also con

tributes to the small size of the herds; the drilling of 

water wells in the last few years has done little to 

alleviate the shortage of water in the area beyond provid

ing water for livestock. As a result, large tracts of land 

are required to support the ranches in the area. 



STRUCTURE 

General Statement 

The structural elements of the northeast flank of 

the Davis Mountains and the Barrilla Mountains are simi

lar to and, in some cases, the continuations of those re

ported by Brand and DeFord (1958) in the eastern portion 

of the Kent Quadrangle. The major structural divisions 

of this area from southeast to northeast are the Davis 

Mountain Block, the Star Mountain-Kingston T^ticline, the 

Rounsaville Syncline, the Barrilla Anticline and the 

Balmorhea Syncline (fig. 3). 

Davis Mountain Block 

The northeast flank of the Davis Mountains is the 

fault line scarp of the Stocks Fault. The Davis Mountain 

Block lies two miles southwest of the Stocks Fault and is 

approximately parallel to the strike of the fault. 

Throughout this portion of the Davis Mountain Block, 

is a series of northwest-southeast trending, high angle 

faults of small displacement. The major faults of this 

series are continuous into the Kent Quadrangle to the north

west. 

A fault trending northeast-southwest was observed 

to control portions of Big Aguja Canyon. The fault trace 

parallels the spillway of the Texas and Pacific Railroad 

12 
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reservoir. The upthrown block is to the south and the 

downthrown block to the north. The writer proposes the 

name, Avery Fault, for this feature. 

Star Mountain-Kingston Anticline 

The axis of the Star Mountain Anticline lies to the 

northeast of the front of the Davis Mountains and to the 

southwest of the Stocks Fault. The expression of this fea

ture is most noticeable in the vicinity of Star Mountain 

to the west of State Highway 17. 

The Kingston Anticline flanks the western margin 

of the Rounsaville Syncline and is a minor structural ex

tension of the Star Mountain Anticline. It lies on the 

Kingston Ranch and can best be seen from the Kingston Ranch 

Road in Madera Canyon. 

Rounsaville Syncline 

The Rounsaville Syncline, named for the Rounsaville 

family, the present owners of the K-C Ranch, trends south

east-northwest from between Star Mountain and Barrilla Peak 

through the Red Hills and into the eastern portion of the 

Kent Quadrangle. The structural relief of the western liirib 

is approximately 2500 feet and the eastern limb 2000 feet 

(Eifler, 1951). While no faulting has occurred in the 

Rounsaville Syncline in the Barrilla Mountains, normal 

block faulting is evident within the Rounsaville Syncline 
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along the northeastern flank of the Davis Mountains 

(Wheeler, 1954). 

'J'lû  M̂ -̂ ographic ox tent of the Red Hills is a func

tion of the presence or absence of intrusive rocks on the 

limbs of the Rounsaville Syncline. The Red Hills are 

nearly twice as wide where the intrusive is present as 

where it is absent. A high angle northwest-southeast trend

ing fault controls the northeastward extent of the Red Hills 

(Brand, unpublished). 

Barrilla Anticline 

The Barrilla Anticline parallels the Rounsaville 

Syncline to the southwest. This structure trends north

west from Barrilla Peak into the eastern part of the Kent 

Quadrangle. The greatest structural relief occurs in the 

western Barrilla Mountains. 

Balmorhea Syncline 

Northeast of the Barrilla Anticline and paralleling 

it is the Balmorhea Syncline. The axis of this feature 

passes through a point which lies two miles north of Toy

ahvale. An intrusive rock similar to the unit that occurs 

in the Red Hills crops out in the center of the Balmorhea 

Syncline. 



STRATIGRAPHY 

General Statement 

Both the northeast flank and central portion of the 

Davis Mountains are capped by a large thickness of Tertiary 

volcanic rocks which overlie marine formations of late 

Cretaceous (Gulfian) age. These marine beds are the oldest 

strata which occur surficially in this region. In the sub

surface, a thick sequence of Permian rocks has been reported 

by Skinner (1948). Triassic rocks have been reported and 

the absence of Jurassic rocks noted. Local thin veneers 

of Quaternary materials are also present (figs. 4 and 5). 

Pre-Cretaceous Rocks 

Eifler (1951) cited the documented (Skinner, 1948) 

occurrence of Permian rocks east of Star Mountain; the se

quence logged has been tentatively dated as of Capitan 

age. Eifler also stated that Triassic, Permian and Pennsyl-

vanian rocks occur beneath the Barrilla Mountains. These 

pre-Cretaceous rocks are postulated to continue beneath the 

northeast flank of the Davis Mountain Block. 

Cretaceous System 

Tlio Crĉ L.'.coouî . system of the norLhoast i lank of Lhe 

Davis Mountains consists of rocks of both the Comanchean and 

Gulfian Series. In this area, the Comanchean Six Shooter 

16 
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Quaternary Alluvium 
Gozar Gravel 
Big Tank Gravel 
Landslide Terrain 

Tertiary McCutcheon Series 

Seven Springs Formation 

Lava 4 0̂ ft 
Tuff 4 to 200 ft 
Lava 3 40-65 ft 
Tuff 3 25-225 ft 
Lava 2 10-80 ft 
Tuff 2 to 115 ft 
Lava 1 to 70 ft 
Tuff 1 to 100 ft 

Star Mt. Rhyolite 800 ft 

Big Aguja Sill to 100 ft 

Huelster Fm. 200-400 ft 

Jeff Cong. to 25 ft 

Angular Unconformity 

Cretaceous Washington Tank Fm. 1500 ft 

Dry Tank Ls. 100 ft 

Boquillas Fm. 220 ft 

Buda Ls. 170 ft 

Boracho Fm. 

San Martine Member 

Fig. 5. Generalized stratigraphic column for the 
northeast flank of the Davis Mountains (Brand, unpub
lished and Eifler, 1951) 
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Group is represented by the San Martine Member of the 

Boracho Formation and the Buda Limestone. The Gulfian 

Series consists of the Boquillas Formation, the Dry Tank 

Limestone and the Washington Tank Formation. 

The upper portion of the San Martine Member of the 

Boracho Formation in the northeast Davis Mountains is simi

lar to that mapped by Brand and DeFord (1958) in the Kent 

Quadrangle. Exposures in the Davis Mountains are limited 

to the top few feet. 

Approximately 170 feet of Buda Limestone is exposed 

in the northeast flank of the Davis Mountains; it is lithi

cally similar to that of the Kent Quadrangle. The major 

exposures of this unit are found along the axes of the 

Barrilla and Star Mountain Anticlines. 

Approximately 220 feet of the Boquillas Formation 

is exposed at Gold Hill on the Lethco Ranch (Brand, unpub

lished) . The Boquillas also crops out on the western limb 

of the Star Mountain Anticline near Cherry Canyon. It is 

lithically similar to the Boquillas Formation of the Kent 

Quadrangle. 

Up to 100 feet of the Dry Tank Limestone (Brand, 

proposed name) crops out in the Star Mountain Anticline. 

King (1958) found the lower portion of the Dry Tank to be 

of Eagle Ford age and the upper portion to be of Austin 

age. 
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Brand (unpublished) proposed the name Washington 

Tank Formation for the stratigraphic unit above the Dry 

Tank Limestone. At several localities, the upper member 

of this formation is a dark grey to black shale. Both 

Brand (unpublished) and the writer attribute the color 

variations of these beds to thermal metamorphism of the 

Big Aguja Sill. The darkening effect does not occur in 

localities where the Big Aguja Sill is not present. 

Tertiary System 

The majority of rocks comprising the northeast 

flank of the Davis Mountains are of Tertiary age. The 

McCutcheon Volcanic Series (Eifler, 1951) consists of the 

Huelster Formation, Star Mountain Rhyolite and the Seven 

Springs Formation. The Gomez Rhyolite and the Tres Mo jados 

Porphyry also occur in this area. The major intrusive is 

the Big Aguja Sill. 

Huelster Formation 

The Huelster Formation of the McCutcheon Volcanic 

Series consists of the Jeff Conglomerate, a non-marine 

limestone, basalt and rhyolite flows, and pyroclastic and 

water laid tuffs. These units crop out from the north 

slope of Star Mountain to Cherry Canyon. 

The Jeff Conglomerate consists of relatively well 

sorted medium- to coarse-grained sand with quartzite and 
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limestone pebbles and cobbles up to 6 inches in diameter 

(Brand, unpublished). In the vicinity of the Texas and 

Pacific Railroad Reservoir the Jeff Conglomerate overlies 

the Washington Tank Formation. Brand (unpublished) believes 

that the Jeff Conglomerate is a pediment gravel which formed 

following post-Cretaceous orogeny. 

The non-marine limestone member of the Huelster 

Formation crops out in the vicinity of Cherry Canyon and 

along the southwest margin of the Red Hills. This member 

occurs as lenticular deposits of non-marine limestone and 

some tuff fragments. 

The flow member of the Huelster Formation consists 

of rhyolitic and basaltic rocks. In the vicinity of Wild 

Rose Pass this member has been called a porphyritic olivine 

trachy-Dolerite (Eifler, 1951) . In contradiction to Eifler, 

Gibbon (1969) classifies the Wild Rose Pass unit as intru

sive and unrelated to the Huelster Formation. 

The tuff member consists of fine to coarse grained 

rhyolitic tuffs. Eifler (1951) has postulated a lacustrine 

origin for some of the tuff units. At some localities, 

the upper portion of this member is baked. 

star Mountain Rhyolite 

The Star Mountain Rhyolite consists of three flow 

units of massive, dense, fairly crystalline rhyolite. 

Scattered vesicular zones have been noted (Gibbon, 1969) 
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throughout the flow units. Brecciated zones mark the tops 

of the flow units. Gibbon (1969) has postulated an ana-

tectic origin for the Star Mountain Rhyolite. Gibbon feels 

that the unit was extruded under conditions of very high 

temperature and low water vapor pressures. 

Seven Springs Formation 

The Seven Springs Formation, consisting of four 

tuff units alternating with four lava units, is completely 

exposed in the Rounsaville Syncline northeast of Star Moun

tain along State Highway 17. 

Tuff number one overlies the Star Mountain Rhyolite, 

The tuff, interbedded with a well cemented conglomerate 

(Eifler, 1951), is 102 feet thick on the northeast slope of 

Star Mountain. 

Lava number one, ranging from 34 to 48 feet thick, 

contains a lower vitrophyric and an upper granophyric mem

ber. 

Tuff nuiTJoer two, 105 feet thick in the vicinity of 

Star Mountain, consists of tuff interbedded with conglomer

ate and cross-bedded sandstones. 

Lava number two ranges up to 80 feet thick and con

sists of glassy basalt or trachy-basalt porphyry (Eifler, 

1951). 

Tuff number three is 138 feet thick at Star Moun

tain and consists of relatively sediment free tuff. 
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Lava number three caps Star Mountain and is a 

granophyric rhyolite porphyry (Eifler, 1951). 

Tuff number four consists of 200 feet of tuffs, 

sediments and interbedded lavas which crop out in the 

Rounsaville Syncline northeast of Star Mountain. 

Lava number four is similar in composition to lava 

number three. It crops out in the Rounsaville Suncline 

to the north of Star Mountain. 

Gomez Rhyolite 

The Gomez Rhyolite abutts against the Star Mountain 

Rhyolite in Little Aguja Canyon (Brand, personal communica

tion) . In Little Aguja Canyon, it consists of 90 feet of 

grey-green riebeckite or aegerite rhyolite. In many lo

calities it exhibits distinctive flow banding. 

Tres Mo jados Porphyry 

The Tres Mojados Porphyry is a riebeckite rhyolite 

porphyry. This unit is exposed in Little Aguja, Madera 

and Cherry Canyons. Brand (unpublished) considers this 

unit to be a northward projection of a lava tongue from 

the Sawtooth-Livermore Complex in the central Davis Moun

tains . 

Quaternary System 

The Quaternary units of the Kent Quadrangle (Brand 

and DeFord, 1962) can be traced to the southeast and the 
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northeast flank of the Davis Mountain Block. The Quater

nary units of the area include accumulated landslide debris, 

terrace gravels deposited on Gulfian units and restricted 

flood plain deposits resulting from the torrential, seasonal 

precipitation of the area. 

Landslide Terrain 

The best development of landslide debris occurs on 

the northern slope of Big Aguja Mountain in the form of 

toreva blocks and accumulated detritus. The large accumu

lation of landslide regolith masks the Gulfian units adja

cent to the mountain block. 

Big Tank Gravel 

The highest terrace gravel along the northeast 

flank of the Davis Mountains is the Big Tank Gravel. Its 

exposure is limited to just south of the K. C. Ranch head

quarters and atop a small hill west of Dry Tank on the 

K. C. Ranch. The Big Tank Gravel was deposited as elongate 

lenses on a pediment cut on the Washington Tank Formation. 

Gozar Gravel 

The Gozar Gravel was deposited over wide areas of 

the Rounsaville Syncline. The deposits of the Gozar Gravel 

form elongate outlines. Although the Gozar Gravel usually 

overlies Gulfian units, in several sites it overlies igneous 
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bodies. The gravel is derived from extrusive rocks in the 

surrounding highland areas. 

Alluvium 

The restricted flood plain deposits, resulting from 

the rorrential, seasonal rainfall in the area, consist of 

at least two units (Brand, unpublished). The basal unit is 

probably equivalent to the Neville Formation while the other 

is probably equivalent to the Neville Formation while the 

other is probably equivalent to the Calamity Formation 

(Albritton and Bryan, 1959). Generally, both are mappable 

only when combined as Quaternary alluvium. 



DISTRIBUTION OF THE BIG AGUJA SILL AND 

RELATIONSHIP TO OTHER UNITS 

The site localities used in this study were (1) 

the main exposure of the Big Aguja Sill north of the Texas 

and Pacific Railroad reservoir on the southeast flank of 

Big Aguja Mountain (fig. 6), (2) a secondary exposure to 

the south of the Texas and Pacific Railroad reservoir on 

the southeast flank of Big Aguja Mountain, (3) a secondary 

exposure in the Red Hills along the east bank of Little 

Aguja Creek (Pena Negra, fig. 7), (4) two sites on the 

west shoulder of Highway 17 four and five miles south of 

Toyahvale, (5) Toyahvale Syncline and (6) selected toreva 

blocks and remnants to the north of Big Aguja Mountain. 

Complete channel samples were taken at sites one 

through four while selected samples were deemed sufficient 

for the other sites. The samples for sites one through 

four were oriented to establish the horizontal component 

of any lineation that might be present. 

The major portion of the Big Aguja Sill is covered 

but on exposure it is distinguished by deeply weathered 

spheroidal surfaces and smoothly rounded topography. 

The Big Aguja Sill exhibits several types of con

tacts with other units in the area. The basal contact 

is with either the Huelster Formation or the upper Creta

ceous units which underlie the igneous material. Where 

exposed, the basal contact is sharp and the intruded 

26 
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Fig. 6. Photograph of the Big Aguja Sill at 
the Texas and Pacific Railroad reservoir spillway 

Fig. 7. Photograph of Pena Negra taken from 
Little Aguja Mountain. 
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material has been baked to a depth of several inches be

low the contact. Contacts at the base of the intrusive 

are either near vertical and discordant or close to hori

zontal and apparently concordant (Gibbon, 1969). The Big 

Aguja Sill rests on the Tertiary Huelster Tuff or Jeff 

Conglomerate; in localities where the tuff-conglomerate 

sequence has been removed or was never deposited it rests 

directly on Gulfian units. Overlying the Big Aguja Sill 

is the Star Mountain Rhyolite. Some portions of the Big 

Aguja Sill-Star Mountain Rhyolite contact show penetration 

of the instrusion into the base of the overlying flow. 

Site one: TP 

The major occurrence of the intrusive unit known as 

the Big Aguja Sill is located on the southeast flank of 

Big Aguja Mountain and parallels the course of Big Aguja 

Creek below the Texas and Pacific Railroad reservoir 

(fig. 6). Big Aguja Creek is controlled, at this point, 

by the Avery Fault which trends northeast-southwest. The 

Avery Fault separates this locality from site two which 

lies approximately 100 yards southeast of the reservoir 

spillway. Field relationships indicate that site one is 

the upthrown side of the Avery Fault. 

This locality is reached by Highway 17 south from 

Toyahvale. Seven miles south of Toyahvale is a paved road 

which services the Buffalo Trails Scout Council Ranch in 
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Little Aguja Canyon; the old J. C. Duncan Ranch headquar

ters is approximately four miles west of this road's inter

section with Highway 17. From the ranch (now the Avery 

Ranch) an unpaved ranch road leads south and circles the 

toe of Big Aguja Mountain to the reservoir site. 

The basal contact here is buried. The upper con

tact with the Star Mountain Rhyolite is gradational over a 

few feet. The Star Mountain Rhyolite has been bowed up by 

the intrusion at this site. No penetration of the Star 

Mountain Rhylite by the Big Aguja Sill was noted at this 

locality. The intrusive is very massive and quite feature

less; it is deeply weathered with spheroidal surfaces and 

a smoothly rounded topographic expression. At this locality, 

the horizontal extent of the Big Aguja Sill is approximately 

250 feet and the vertical extent 7 5 feet. There are two 

prominent sets of joints, both vertical, which strike ap

proximately N 30° W and N 35 E. 

Site two: TPE 

This locality is in the same area and is reached 

by the same route as site one. 

This site is significant because the lower portion 

of the intrusive unit is exposed. As noted before, this 

locality is separated from the main site by a northeast-

southwest trending fault. While the major joint sets at 

site one are vertical, the sets here dip 68° SE. Assuming 
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the joints were originally vertical, this indicates that 

movement of the upthrown block resulted in the rotation 

of the block during slippage. The lower contact is with 

Gulfian shales (fig. 8). The shales have been baked up to 

several inches from the contact. The basal layer of 

igneous material has incorporated small fragments of shale 

at the contact; this phenomena is best seen within three 

to four inches of the contact. The unit is not horizontal 

at this locality and its much reduced thickness and cross-

cutting relationship with the Cretaceous strata at the 

site indicate that this is most probably a feeder dike for 

the sill or possibly for the Star Mountain Rhyolite. The 

upper contact is covered. The unit here is 50-60 feet 

long and 25-30 feet wide. 

Site three: PN 

The Pena Negra locality is an outcrop of the Big 

Aguja Sill which occurs along a northwest-southeast trend

ing cliff which marks the southwestward margin of the Red 

Hills (fig. 7). Pena Negra flanks Little Aguja Creek five 

miles northeast of Little Aguja Mountain. 

This locality is most easily reached from the Old 

J. C. Duncan ranch headquarters. A jeep road, trending 

northwest and servicing cattle tanks at the Avery-Shannon 

Ranch boundary line, ends 500 yards west of the outcrop. 

Pena Negra, which lies on both the Avery and Shannon Ranches, 
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is accessible from this point on foot. 

At this site, the Big Aguja Sill rests on baked 

Cretaceous shales (fig. 9). The Gulfian unit at Pena 

Negra has undergone such a color change due to contact 

metamorphism that for many years it was thought that the 

gray contact shales were a unit separate from Lhe typically 

orange to yellow Washington Tank Formation. The Big Aguja 

Sill ranges up to 100 feet in thickness while its lateral 

extent is about 500 feet. The upper contact is with the 

Star Mountain Rhyolite. The Star Mountain Rhyolite at 

this locality, as at site one, has been bowed by the em

placement of the Big Aguja Sill. In the topographic 

saddle of Pena Negra there is a lensoid remnant of the 

Huelster Formation; at this locality the Huelster Forma

tion overlies the Big Aguja Sill. This indicates that the 

emplacement of the Big Aguja Sill at Pena Negra was con

trolled by the presence of the Huelster Tuff- Jeff Con

glomerate sequence. 

Site four: 17 and 172 

On the Toyahvale-Fort Davis Highway, four and five 

miles south of Toyahvale, are two outcrops of igneous ma

terial which were included in the sampling of units pos

sibly belonging to the Big Aguja Sill. The southern body 

is the larger of the two and underlies two hills west of 

the highway. The other body appears to be tabular in form 
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Fig. 8. Photograph of the Big Aguja Sill con 
tact with the Cretaceous south of the Texas and 
Pacific Railroad reservoir. 

Fig. 9. Photograph showing the baked Cretaceous 
Big Aguja Sill contact at Pena Negra. 
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and may be a dike. 

The southern body's (172) basal contact is covered 

but the unit is underlain by the Taylor Marl. The marl 

closest to this unit is darkened due to thermal metamor

phism. The upper contact has been removed by erosion. 

While this outcrop might be an extension of the Big Aguja 

Sill, it is more than likely a dike. 

The northern body (17) is also probably a dike. 

It shows typical intrusive relationships with the Taylor 

Marl which surrounds it. Thermal metamorphic baking is 

evident. The body is roughly tabular. 

Site five: BN 

A number of small, scattered bodies of intrusive 

materials crop out in the Balmorhea Syncline approximately 

six miles northwest of Toyahvale. Exposures occur in some 

unnamed hills in the area and are reached by various ranch 

roads leading northwest out of Balmorhea. 

In these localities, the igneous material is asso

ciated with Cretaceous units. They overlie the Cretaceous 

but the contacts are covered. The igneous outcrops are 

poorly exposed and very localized. Little more than ran

dom sampling was attempted at these sites. 

Site six: HA 

Site six is a collection of localities yielding 

igneous outcrops. All lie one to two miles northeast of 
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the front of the Davis Mountain Block. These sites flank 

the Little Aguja Canyon-Buffalo Trails Scout Council Ranch 

road to both the north and south. The three sites north 

of the road are erosional remnants while the two to the 

south are toreva blocks. 

In all cases contacts were obscured. Random sampl

ing to determine compositional and textural similarities 

was the only field method applied here. 



PETROGRAPHY OF THE BIG AGUJA SILL 

General Statement 

Typically, the main body of the Big Aguja Sill is 

a dense, finely crystalline trachyte porphyry. The pheno

crysts are predominantly anorthoclase. A small percentage 

are sanidine and soda-amphibole. Some variations in com

position and texture were noted. Groundmass composition 

and texture also showed minor variations. 

In composition, the Big Aguja Sill can be classi

fied as soda rich and silica deficient. Minute quartz 

grains, where present, are nearly masked in the groundmass. 

Anorthoclase and sanidine are the feldspar components of the 

samples. The principle mafic constituent is a soda-amphibole. 

Aegerine has been noted in some samples. Minor amounts of 

glass are present. Selected polished sections have re

vealed the presence of both magnetite and pyrite. 

Phenocryst Composition 

Most phenocrysts are either anorthoclase or sanidine 

with the anorthoclase predominating. A few mafic minerals 

are of sufficient size to be considered phenocrysts; this 

is the exception rather than the rule. More fittingly, 

some of Lhe marie niiiu>ral.'; micjlil: be con.'yldered Lo bo luicro-

phenocrysts. According to Gibbon (1969), the mafic mineral 

which occurs in the Big Aguja Sill is the same as that 

35 
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in the Star Mountain Rhyolite. The properties that Gibbon 

determined for this mafic mineral place it in the hasting-

site series (Table 1). Also occurring are small crystals 

of aegerine. 

Phenocryst Texture 

Feldspar phenocrysts account for 7-17 percent of 

the samples inspected. They seldom exceed 50 millimeters 

in length and are usually less than 3 5 millimeters. The 

mafic phenocrysts account for less than two percent of the 

samples and do not exceed 0.5 millimeters in length. Point 

counts of both feldspar and mafic phenocrysts as well as 

the complete modal analyses for all samples are listed in 

Table 2. 

The most striking aspect of a Big Aguja Sill feld

spar phenocryst in thin section is the presence of resorp

tion and exsolution textures. These textures are the re

sult of processes, which post date formation, modifying 

the phenocrysts. In some cases, the margins of the pheno

crysts contain inclusions of highly birefringent mafic 

minerals. This texture is similar to that described by 

Anderson (1962) in his study of volcanic rocks of the cen

tral Davis Mountains. Some feldspar phenocrysts show evi

dence of rounding probably because of resorption. The 

mafic phenocrysts are usually amphibole and in most cases 

show alteration to opaque minerals at the crystal bound

aries. 
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TABLE 1 

PROPERTIES OF SODA-AMPHIBOLE IN THE STAR MOUNTAIN 

RHYOLITE AND BIG AGUJA SILL (GIBBON, 1969) 

^x 

n z 

2V 
X 

Biaxial ne 

Twinning 

Color 
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TABLE 2 

MODAL ANALYSES OF THE BIG AGUJA SILL AND ASSOCIATED UNITS 

Sample P-cryst* G-mass Quartz Amph. Other"^ Total Counts 

TP 1 8.3 79.3 0.5 9.8 2.1 2000 

76.4 0.9 10.4 2.5 2000 

77.2 0.1 9.2 1.2 2000 

76.8 - 10.8 1.2 2000 

76.9 0.2 9.3 3.2 2000 

77.3 - 10.7 2.1 2000 

76.8 0.4 10.3 1.7 2000 

77.1 0.2 9.9 2.3 2000 

75.2 0.3 10.2 3.2 2000 

77.2 - 11.1 1.4 2000 

76.3 0.5 12.0 1.4 2000 

75.8 0.8 12.4 0.9 2000 

77.4 0.3 10.3 2.8 2000 

77.8 - 11.0 1.3 2000 

74.1 0.8 9.7 2.3 2000 

2 15.6 74.5 0.3 9.1 0.5 2000 

3 17.1 70.2 - 10.4 2.3 2000 

4 14.2 74.8 0.4 8.9 1.7 2000 

5 12.7 76.0 0.6 10.1 0.6 2000 

6 10.8 76.9 0.3 9.9 2.1 2000 

7 11.2 76.3 - 10.2 2.3 2000 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

TPE 1 

9 . 8 

1 2 . 3 

1 1 . 2 

1 0 . 4 

9 . 9 

1 0 . 8 

1 0 . 5 

1 1 . 1 

1 0 . 3 

9 . 8 

1 0 . 1 

9 . 2 

9 . 9 

1 3 . 3 



TPE 8 

9 

10 

11 

11a 

12 

1 3 . 4 

1 0 . 9 

9 . 7 

1 5 . 1 

1 1 . 9 

1 0 . 1 
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TABLE 2 CONTINUED 

MODAL ANALYSES OF THE BIG AGUJA SILL AND ASSOCIATED UNITS 

Sample P-cryst* G-mass Quartz Amph. Other"^ Total Counts 

75.4 0.5 9.7 1.0 2000 

76.9 0.2 10.1 1.9 2000 

77.5 0.7 10.3 1.8 2000 

74.1 0.4 8.2 2.2 2000 

76.1 0.2 11.2 0.6 2000 

75.6 0.5 10.8 3.0 2000 

FN 1 10.2 76.9 1.1 9.3 2.5 2000 

2 11.3 76.2 0.6 10.0 1.9 2000 

3 11.8 75.1 0.8 6.9 5.4 2000 

4 10.9 77.1 0.3 9.6 2.1 2000 

5 11.2 76.7 0.1 10.4 1.6 2000 

6 11.5 76.9 0.3 10.2 1.1 2000 

17 1 9.4 77.3 1.1 1.9 10.3 2000 

2 9.8 77.5 0.5 1.4 10.8 2000 

3 8.7 78.3 1.0 0.9 11.1 2000 

4 8.2 77.8 1.2 2.7 10.1 2000 

5 9.1 78.0 0.9 1.6 10.4 2000 

6 8.7 78.9 1.1 1.4 9.9 2000 

7 7.2 79.8 1.1 1.7 10.1 2000 
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TABLE 2 CONTINUED 

MODAL i\NALYSES OF TiiK BIG AGUJA SILL AND ASSOCIATED UNITS 

Sample P-cryst* G-mass Quartz Amph. Other"^ Total Counts 

17 8 9.1 76.3 1.4 1.9 11.3 2000 

9 11.3 75.2 1.1 1.6 10.8 2000 

172 1 8.6 77.5 1.4 2.2 10.3 2000 

2 7.5 80.1 1.2 1.6 9.6 2000 

3 9.1 83.6 1.3 1.2 4.8 2000 

4 10.1 80.2 0.9 1.5 7.3 2000 

5 8.3 79.1 1.4 1.1 10.1 2000 

6 9.7 79.0 1.2 1.4 8.7 2000 

HA 1 10.3 77.2 0.6 9.8 2.1 2000 

2 11.5 76.9 0.3 7.8 3.5 2000 

3 7.9 79.8 - 3.1 9.2 2000 

4 9.7 78.2 0.3 8.9 2.9 2000 

5 10.9 75.4 0.2 8.5 3.0 2000 

6 11.8 75.8 0.4 10.1 1.9 2000 

BN 10.8 76.5 0.6 5.4 6.7 2000 

11.7 77.1 0.3 3.7 7.2 2000 

9.8 77.3 0.9 8.3 3.7 2000 
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TABLE 2 CONTINUED 

MODAL ANALYSES OF THE BIG AGUJA SILL AND ASSOCIATED UNITS 

I'.ampl<̂  r-yry:;l* y,-in.i;;:; Uuarl/, Amph. Olh(>r"' Total Counts 

BN 4 11.1 77.7 0.7 4.6 5.9 2000 

The majority of phenocrysts counted were anorthoclase. 

A small number of those counted were sanidine. 

"̂  This includes opaques, pyroxenes, glass and unident

ifiable, minute grains of other minerals. 
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Resorption and exsolution of the feldspar pheno

crysts are nearly universal in all samples of the Big Aguja 

Sill (fig. 10). The degree of resorption, however, varies 

widely from phenocryst to phenocryst (figs. 11 and 12). 

A cursory inspection indicated that the phenocrysts are 

euhedral to subhedral. The deviation of a phenocryst from 

a euhedral state is a direct result of the degree and in

tensity of resorption. Resorption occurs frequently along 

twinning and cleavage planes (figs. 13 and 14). When re

sorption does occur along cleavage planes a rough angularity 

is imparted to the phenocryst. In some instances, resorp

tion has resulted in fragmentation of the phenocryst with 

some of these fragments becoming lodged in groundmass ma

terial (fig. 15). Some fragments, however, are the result 

of shifting after foinination possibly due to either mechani

cal stress such as faulting or realignment of the unit due 

to new material being emplaced. There is some evidence 

that spaces generated by resorption have been filled by in

clusions not only of mafic minerals but of groundmass. 

Although there is substantial evidence for resorption and 

exsolution, there is little or no evidence for chemical 

alteration such as seritization or kaolinization. 

Anderson (1962) described "snowflake" texture as 

the result of highly birefringent mafic material being 

caught up and included in the boundary regions of pheno

crysts. His examples were taken from the volcanics of the 
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Fig. 10. 
ing a rounded 
78.75 X) . 

Photomicrograph of sample TPE 4 show-
and resorbed phenocryst (crossed nicols, 

Fig. 11. Photomicrograph of sample TP 14 show 
ing a relatively unresorbed phenocryst (crossed 
nicols, 19.69 X). 
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Fig. 12. Photomicrograph of sample TPE 1 show 
ing highly resorbed phenocryst (crossed nicols, 
78.75 X). 

Fig. 13. Photomicrograph of sample TP 8 show
ing resorption along Carlsbad twin plane of anorth 
oclase phenocryst (crossed nicols, 78.75 X). 
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Fig 14. Photomicrograph of sample TPE 8 show
ing resorption along cleavage planes (crossed 
nicols, 78.75 X). 

Fig. 15. Photomicrograph of sample TP 8 show
ing fragmentation of phenocrysts due to resorption 
(crossed nicols, 78.75 X). 
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central Davis Mountains. The correlation of this texture 

to superficially similar textures in rocks of intrusive 

origin is not too applicable. However, some Big Aguja Sill 

phenocrysts do have mafic inclusions near the rims (fig. 

16) . Occasionally mafic mineral inclusions occur; this 

would seem to indicate crystallization predating that of 

the feldspar. 

A relatively large percentage of phenocrysts appear 

to be highly rounded. Close examination indicates that 

more than half of them are actually angular to sub-angular. 

Degree and distribution of resorption appears to control 

the angularity of these phenocrysts. Assuming that round

ness is not typical of crystal growth, some extra-crystal 

stress has been applied to this unit. Environmental change 

or mechanical stress during and after emplacement can ac

count for this. 

Small mafic phenocrysts are scattered sparsely 

throughout most samples taken from the sill. The pheno

crysts range from anhedral to euhedral. The euhedral 

crystals show typical amphibole cleavage. Amphibole is 

the dominant mafic mineral at all the outcrops with the 

exception of the two Highway 17 outcrops and HA 3 which 

is a volcanic plug. In samples from these three outcrops 

pyroxene is the dominant mafic mineral; the mineral is 

aegerine, a clinopyroxene. The amphibole phenocrysts, 

more so than the pyroxenes, show a tendency to alter to 
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opaques near the crystal boundaries. 

Groundmass Composition 

The groundmass comprises 70-84 percent of samples 

taken from the Big Aguja Sill and related units. The 

groundmass consists of small (less than 0.2 millimeters) 

laths of anorthoclase and sanidine, sparsely distributed 

mafic minerals, iron oxide, magnetite, pyrite, glass blebs 

and quartz. The iron oxide is an alteration product of the 

magnetite, pyrite and quite possibly the mafic minerals. 

Quartz is present in very minor amounts. 

Groundmass texture and weather
ing features 

The texture of the groundmass from Big Aguja Sill 

samples is pilotaxitic or trachytic. By, definition, 

pilotaxitic texture represents densely crowded laths of 

feldspar exhibiting sub-parallel arrangement with the in

terstitial cavities filled by microcrystalline or crypto-

crystalline material. Pilotaxitic texture is assumed to 

result from the flow of the parent material. The resulting 

lineation indicates the direction of flow. The sub-parallel 

to parallel arrangement of the feldspar microlites is often 

interrupted and distorted in the vicinity of phenocrysts 

(fig. 17) . 
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Fig. 16. Photomicrograph of sample TP 2 show 
ing mafic minerals enclosed in the rim of a feld
spar phenocryst (crossed nicols, 196.87 X). 
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Fig. 17. Photomicrograph of sample PN 1 show 
ing subparallel lineation of the groundmass 
(crossed nicols, 78.75 X), 
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The Big Aguja Sill is a very massive unit. The 

weathered surfaces show deep spheroidal structures. A 

smooth, rounded topography has been developed on th< 

posed surfaces of the Big Aguja Sill. 
le ex-



CHEMISTRY OF THE BIG AGUJA SILL 

AND RELATED UNITS 

Chemical analyses were made of the Big Aguja Sill 

and related units. All samples taken from both outcrops 

at the Texas and Pacific Railroad reservoir (TP and TPE) 

and Pena Negra (PN) were analyzed. Selected representative 

samples from the other outcrops were analyzed also. Site 

one (TP) was sampled horizontally at 20 foot intervals while 

site two (TPE) was sampled normal to the approximate dip 

direction of the major joint set at 10 foot intervals. 

Site three (PN) was sampled vertically at 20 foot intervals. 

The analyses yielded volume percents of Si02/ Fe^O-, 

K2O, CaO, and TiO^. The presence of trace elements such as 

rubidium and zirconium were also verified. These results 

were obtained by using a General Electric x-ray emission 

spectrophotometer. The writer attempted no wet chemical 

analyses but relied on Gibbon (1969) for approximations 

of AI2O3, MgO, and Na^O content. Results obtained from 

these analyses are presented in Table 3; except where 

nolr>(], .ill (I.1I..1 .ir(̂  rcsiills of lh(̂  pr(\';<.M-il .".liidy. 'I'.il)l(» 4 

compares Gibbon's chemical and normative composition re

sults of the Star Mountain Rhyolite to those of the Big 

Aguja Sill. The similarities of these norms indicate a 

common origin for both the Big Aguja Sill and the Star 

Mountain Rhyolite. Figures 18 and 19 show the average 
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TABLE 3 

X-RAY FLUORESCENCE OXIDE RESULTS 
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Sample 

TP 

8 

TPE 

10 

11 

12 

13 

14 

1 

2 

3 

4 

5 

6 

7 

Si02 

62.5 

63.3 

60.8 

60.2 

62.3 

62.3 

63.4 

64.0 

62.3 

60.2 

62.0 

64.0 

64.0 

59.1 

65.9 

67.8 

65.3 

66.3 

67.1 

66.7 

65.8 

K2O FeoO 2^3 CaO TiO. 

9.74 7.95 

9.48 

10.06 

9.98 

4.58 

10.11 

11.62 

10.13 

10.98 

10.87 

7.45 

8.35 

8.15 

10.02 8.20 

9.80 

4.54 9.70 

9.46 8.30 

8.70 8.30 

7.34 8.80 

7.80 8.21 

9.02 8.23 

4.54 9.81 

7.00 9.19 

8.55 

7.20 

8.70 

7.53 

7.47 

10.22 8.45 

10.84 7.51 

0.68 0.51 

0.40 

0.80 

0.38 

0.55 

0.48 

0.78 0.50 

0.45 0.56 

0.75 0.48 

0.68 0.52 

0.32 0.58 

0.55 

0.45 0.53 

0.38 0.58 

0.38 0.58 

0.50 0.57 

0.68 0.51 

0.90 0.52 

0.55 0.59 

0.85 0.55 

0.73 0.53 

0.69 0.59 

0.72 0.54 

0.58 0.60 

Rb 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

Zr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr tr 



TABLE 3 CONTINUED 

X-RAY FLUORESCENCE OXIDE RESULTS 
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Sample 

TPE 8 

Sic. 

66.0 

67.8 

K^O 

1.23 

1.34 

^^2^3 

7.85 

6.80 

CaO 

0.60 

0.55 

Ti02 

0.59 

0.55 

Rb Zr 

10 66.2 11.21 7.59 0.69 0.58 tr tr 

11 64.3 11.72 8.65 0.80 0.60 

11a 65.6 10.70 7.70 0.74 0.57 tr tr 

12 65.7 10.72 7.90 0.73 0.55 tr tr 

PN 64.7 11.02 7.95 0.73 0.55 

58.2 10.88 7.40 0.53 0.55 tr tr 

53.0 17.56 9.60 1.14 0.73 

4 

5 

6 

17 2 

6 

9 

172 1 

5 

6 

56.2 

66.5 

65.3 

63.2 

65.1 

64.7 

65.7 

64.2 

63.2 

10.68 

10.72 

10.65 

8.31 

7.54 

7.83 

7.97 

7.43 

7.48 

7.57 

7.73 

7.38 

7.22 

6.90 

8.92 

8.82 

7.38 

9.3 

0.39 

0.40 

0.38 

0.73 

0.75 

0.69 

0.69 

0.62 

0.71 

. 0.55 

0.60 

0.62 

0.50 

0.54 

0.52 

0.53 

0.50 

0.54 

tr tr 
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Sample 

HA 

BN 

TABLE 3 CONTINUED 

X-RAY FLUORESCENCE OXIDE RESULTS 

.e 

2 

4 

1 

2 

Si02 

62.8 

62.0 

65.4 

64.8 

K2O 

10.13 

9.60 

6.27 

7.39 

Fe203 

8.95 

8.70 

9.81 

10.32 

CaO 

0.55 

0.55 

0.72 

0.76 

Ti02 

0.50 

0.52 

0.57 

0.61 

Rb 

tr 

tr 

Zr 

tr 

tr 
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TABLE 4 

s.r=LTLS.=—.fS.rSfSLSrSe. 

^^^2 66.81 

•̂̂ ^̂  ̂ t. Big Aguja 

69.10 

•̂'•2°3 15.64 

^^203 3.40 

F^O 3.07 

M^O 0.63 

CaO Q^29 

^^2° 4.51 

K2O 5.65 

Total 100.00 

14.42 

2.93 

2.64 

0.12 

0.20 

5.35 

5.24 

100.00 

16.2 Q 16.1 

or 33.4 31.7 

ab 38.3 44.0 

an 1.4 

^° 0.9 

mt 5.1 3.7 

fs 2.8 2.8 

en 1.6 0.3 

wo 0.5 

cor 1.5 
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value plots for the oxides of all samples collected at the 

Texas and Pacific Railroad reservoir (TP and TPE) . 

As Table 3 illustrates, most samples collected for 

this study are surprisingly homogeneous. The lack of 

horizontal and vertical variations, especially of the CaO 

and Fe percentages, indicates a corresponding lack of varia

tion in the original melt. The small percentage of CaO is 

typical for the West Texas igneous province (Lonsdale, 1940) 

Magmatic differentiation and post-emplacement alteration 

had little or no effect on the unit. 



COMPARISON OF THE MODAL AND CHEMICAL 

COMyOSITIONS OF THE BIG AGUJA SILL 

TO THOSE OF ASSOCIATED UNITS 

Both modal and chemical analyses indicate that the 

Big Aguja Sill is very homogeneous. Comparison of samples 

from the major outcrop on Big Aguja Mountain to samples 

from the other outcrops indicates that besides the main out

crop, only the outcrops at sites two (TPE) , three (PN) and 

six (HA) are extensions of the Big Aguja Sill. Sample 

HA 3, a trachybasalt is excluded from site six samples as 

the other units considered in the sample selection are 

toreva blocks and erosional remnants directly related to 

the Big Aguja Sill outcrops on the northeast flank of the 

Davis Mountains. Due to the elimination of the outcrops 

at sites four (17 and 172) and five (BN) , the areal extent 

of the Big Aguja Sill is limited. The results of the an

alyses also stress the similarities of the Star Mountain 

Rhyolite and the Big Aguja Sill and indicate a possible 

magmatic relationship between them. 

Samples collected at sites one (TP), two (TPE), 

three (PN) and four out of five samples from site six (HA) 

are all very similar in composition and texture. Also, 

the field relationships of these outcrops are clear. This 

set of outcrops is as much of the Big Aguja Sill as can be 

seen at the present time. 
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Sample HA 3 is a trachybasalt. This outcrop was 

of the Big Aguja Sill (Gibbon, 1969). As previously 

stated, the major mafic minerals in both units are identi

cal. This suggests a common parent magma. Unfortunately 

much of the Big Aguja Sill is covered; when and if exposed, 

it would be possible to construct an isopach map of the 

unit. Superimposing the Big Aguja Sill map on a similar 

map of the Star Mountain Rhyolite could lead to the loca

tion of the vents for both these units. It is quite pos

sible that both units shared a common vent. Possibly, 

after the extrusion of the first flow unit of the Star 

Mountain Rhyolite, the vent was surficially sealed. In 

this event, a weak second pulse would have been redirected 

along a plane of weakness, perhaps the Star Mountain 

Rhyolite-Huelster Foinnation contact. After the intrusion 

of this second pulse (the Big Aguja Sill) the surface vent 

was reopened and the rest of the Star Mountain Rhyolite 

was extruded. 



CONCLUSIONS 

This investigation of the Big Aguja Sill in Jeff 

Davis County, Texas, was initiated in order to delineate 

the horizontal extent of the unit, to determine if the 

unit was indeed intrusive, to determine its relationship 

to the Huelster and Washington Tank Formations and to de

termine its relationship to the Star Mountain Rhyolite. 

The investigation consisted of field work, petrographic 

study and cursory chemical analyses. 

Field studies initially indicated that there were 

three definite outcrops of the unit in question (TP, TPE, 

and PN) . Three other outcroppings were considered as pos

sible extensions of the Big Aguja Sill. Only the outcrops 

encompassing a series of toreva blocks and erosional rem

nants (HA) proved to be the same unit. The other outcrops 

(17, 172, and BN) were excluded. Field work indicated that 

tlic} II\ielr.l(M- Format.! on was absent in most local i tj.ĉ s. Thĉ  

writer feels that the Big Aguja Sill probably destroyed the 

Huelster Formation and occupied the space formerly occupied 

by the Huelster Formation between the Star Mountain Rhyolite 

and the Washington Tank Formation. If the Big Aguja Sill 

assimilated portions of the Huelster Formation, the very 

high K2O percentages registered during the chemical analyses 

could possibly be explained. Finally, field studies re

sulted in the discovery of a small northeast-southwest 
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trending fault (Avery fault) which controls the drainage 

in Big Aguja Canyon. The Avery Fault has raised a feeder 

dike of the Big Aguja Sill to a topographic elevation equal 

that of the top of the unit. Since the initial thickness 

of the Big Acuja Sill is not known, there is no method to 

estimate the displacement on this feature. This upfaulted 

feeder, possibly, is close to or is the main vent of both 

the Big Aguja Sill and the Star Mountain Rhyolite. 

Petrographic investigations showed that the Big 

Aguja Sill is a finely crystalline, soda-rich, peralkaline 

trachyte porphyry. Phenocrysts are predominantly anortho

clase with some sanidine and minor amounts of mafic minerals 

The phenocrysts are resorbed and exsolved. The grouncimass 

illustrates a classical example of pilotaxitix texture. 

Potassium feldspar is the primary constituent of the ground-

mass. 

Chemical analyses substantiated results of field 

and petrographic work. 
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MACROSCOPIC AND MICROSCOPIC DESCRIPTION OF SAMPLES FROM 

THE BIG AGUJA SILL AND RELATED LOCALITIES 

Site one: Tp 

TP 1 

Macroscopic: This rock shows well developed spheroidal 

weathering bands; the banding is marked by hematite stains. 

The fresh surfaces are medium light gray and weather to a 

greenish gray. 

Phenocrysts: The phenocrysts in this sample are anorth

oclase. They show rounding, exsolution and a high degree 

of resorption. Some of the phenocrysts have small inclu

sions of mafic minerals in their rims. 

Groundmass: There is a relatively good alignment of 

anorthoclase microlites in this sample. Small blades of 

green soda-amphibole are present; pleochroism of green to 

yellow-green was noted. Minor nurnbers of small quartz 

grains are present. Opaque material, derived from the 

alteration of amphibole, pyrite and magnetite, is evident. 

TP 2 

Macroscopic: This sample is massive and relatively feature

less. Some spheroidal banding has been developed but not 

to the extent of the banding in TP 1. The fresh surfaces 

of this rock are medium light gray; weathered surfaces are 



67 

light brownish gray. 

Phenocrysts: The phenocrysts are anorthoclase and are 

rounded to subangular. Minor exsolution and resorption 

textures are present. Mafic minerals form microsphenocrysts 

Groundmass: Pilotaxitic alignment of feldspar microlites 

and small blades of amphibole show slight disruption around 

the phenocryst boundaries. Quartz is present in minor 

amounts. Opaque material is dispersed throughout the speci

men. 

TP- 3 

Macroscopic: This sample, although relatively fresh, shows 

some development of spheroidal weathering surfaces. The 

fresh surfaces are medium light gray and weather to grayish 

orange pink. 

Phenocrysts: Same as above but no mafic mineral rim inclu

sions in the feldspars. 

Groundmass: Same as the above although opaque material is 

less common. 

TP 4 

Macroscopic: This sample is highly altered and virtually 

featureless. It is dark greenish gray and weathers to a 

slightly darker greenish gray. 

Phenocrysts: The phenocrysts are anorthoclase and are sub-

rounded to subangular. Most phenocrysts are moderately 
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resorbed. No phenocrysts are formed by mafic minerals. 

Groundmass: The feldspar laths are moderately well aligned; 

some shreds of mafic minerals parallel the feldspar micro

lites. Quartz is absent. Opaque materials are scattered 

spar.soly throughout th(̂  sample. 

TP 5 

Macroscopic: This sample is massive and featureless. A 

fresh piece is medium light gray while a weathered piece is 

greenish gray. 

Phenocrysts: Anorthoclase phenocrysts are highly resorbed 

and exsolved. Microphenocrysts are formed by the mafic 

minerals. 

Groundmass: Moderately well developed trachytic texture 

is disrupted in the vicinity of the feldspar phenocrysts. 

Amphibole is present in the sample. Small amounts of 

quartz and pyroxene are present. Opaque materials are 

common. 

TP 6 

Macroscopic: This sample is dense and moderately well 

fractured. Some alteration has occurred along these frac

tures. The medium light gray rock weathers to a light 

olive gray. 

Phenocrysts: Same as TP 5 except some mafic minerals oc

cur as inclusions in the rims of the feldspar phenocrysts. 
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Groundmass: Same as TP 5 except that no quartz is present 

and opaque materials are slightly less common. 

TP 7 

Macroscopic: This sample exhibits spheroidal weathering 

with well developed hematite stains. Dusky blue dendrites 

are developed on the highly weathered surfaces. This 

greenish gray rock weathers to a dark grayish green. 

Phenocrysts: Same as TP 5 

Groundmass: Same as TP 5 except less opaque material is 

present. 

TP 8 

Macroscopic: This sample was badly weathered. Spheroidal 

weathering surfaces are well developed and are zones of 

hematite staining. This light gray rock weathers to a 

grayish yellow green. 

Phenocrysts: Subangular phenocrysts of anorthoclase are 

highly resorbed and exsolved. Mafic minerals occur as in

clusions in the feldspar phenocryst rims. Amphibole occurs 

as microphenocrysts. 

Groundmass: Pilotaxitic texture of the feldspar microlites 

is poorly developed. Small amounts of quartz and pyroxene 

are present. Opaque material occur frequently. 
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TP 9 

Macroscopic: Alteration rims around grains of pyrite and 

magnetite are present. Hematite stains occur frequently. 

This greenish gray rock weathers to a very pale orange. 

Phenocrysts: Same as TP 8 

Groundmass: Same as TP 8 except opaque materials occur 

more frequently. 

TP 10 

Macroscopic: This very dense rock shows strong development 

of spheroidal weathering surfaces. The light gray sample 

weathers to a yellowish gray. 

Phenocrysts: The subangular anorthoclase phenocrysts are 

highly resorbed. Mafic minerals occur as inclusions in 

the rims of these phenocrysts. 

Groundmass: Many shreds of amphibole parallel the linea

tion of feldspar microlites. Some pyroxene is present. 

No quartz occurs in this sample. Opaque materials occur 

infrequently. 

TP 11 

Macroscopic: This fresh, clean sample is massive and 

featureless. From a light gray it weathers to a yellowish 

gray. 

Phenocrysts: The anorthoclase phenocrysts are mostly un

resorbed. Amphibole forms many microphenocrysts. Small 
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crystals of quartz are present. 

Grounciriass: Subparallel arrangement of the feldspar laths 

and shreds of mafic minerals is the textural feature of this 

sample. No quartz was seen in the grouncimass. Minor 

amounts of opaque materials are present. 

TP 12 

Macroscopic: This sample is very miassive and featureless. 

The light gray color of a fresh surface weathers to a 

yellowish gray. 

Phenocrysts: Large, well developed anorthoclase pheno

crysts are common. Along the margins of the phenocrysts 

are inclusions of highly birefringent mafic material. 

Soda-amphibole forms microphenocrysts. 

Groundmass: TTie trachytic texture of this sample is dis

rupted in the vicinity of the very large phenocrysts. 

Quartz occurs in small grains. Very few opaque materials 

are present. 

TP 13 

Macroscopic: This dense, featureless, light gray rock 

weathers to a yellowish gray. 

Phenocrysts: Same as TP 12 

Groundmass: Same as TP 12 
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TP 14 

Macroscopic: This texturally featureless rock shows minor 

development of spheroidal weathering surfaces. This medium 

light gray rock weathers to a light brownish gray. 

Phenocrysts: The phenocrysts are anorthoclase. They are 

rounded to subangular. Most of these phenocrysts show a 

moderate degree of resorption. Microphenocrysts of soda-

amphibole are present. 

Groundmass: Both feldspar microlites and small shreds of 

mafic minerals contribute to the pilotaxitic texture of 

this sample. No quartz is present. Opaque materials are 

concentrated in the areas affected by spheroidal weathering. 

Site two: TPE 

TPE 1 

Macroscopic: Spheroidal weathering surfaces are well de

veloped. The moderately dark gray rock weathers to a dark 

greenish gray. 

Phenocrysts: The anorthoclase phenocrysts are subrounded 

to angular. Soda-amphibole occurs as microphenocrysts. 

Small crystals of quartz are present. 

Groundmass: Pilotaxitic texture is moderately well de

veloped. Quartz is present. Opaque material is quite com

mon in this sample and appears to be concentrated in the 

areas affect by spheroidal weathering. 
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TPE 2 

Macroscopic: This sample shows only minor development of 

spheroidal weathering. This relatively massive, medium 

light gray rock weathers to a light brownish gray. 

Phenocrysts: Anorthoclase phenocrysts are slightly sub-

rounded and have many small inclusions of mafic minerals 

near their rims. Soda-amphibole occurs as micropheno

crysts. 

Groundmass: Same as TPE 1 but minor amounts of quartz are 

present. 

TPE 3 

Macroscopic: This sample is highly fractured and shows 

well developed hematite stains around the fractures. 

Phenocrysts: Large phenocrysts of anorthoclase show high 

degrees of resorption and exsolution. The pehnocrysts 

occur in clusters and are randomly oriented. Soda-amphibole 

phenocrysts occur in this sample. 

Groundmass: Poorly developed trachytic texture is disrupted 

by the phenocrysts in this sample. Shreds of amphibole and 

pyroxene are interwoven with the feldspar microlites. No 

quartz occurs in this sample. Opaque materials are evenly 

distributed throughout the sample. 
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TPE 4 

Macroscopic: This fresh, featureless medium light gray 

sample weathers to a light brownish gray. 

Phenocrysts: The subrounded anorthoclase phenocrysts have 

small inclusions of highly birefringent mafic minerals in 

their rims. Small grains of soda-amphibole are present as 

in quartz. 

Grouncimass: Feldspar laths and shreds of mafic minerals 

are woven into a pilotaxitic texture in this sample. The 

subparallel arrangement of the laths is disrupted in the 

vicinity of the larger anorthoclase phenocrysts. Quartz 

is present in the grouncimass. Opaque materials are evenly 

distributed throughout the grouncimass. 

TPE 5 

Macroscopic: This sample, although fresh, shows well de

veloped spheroidal weathering bands. This greenish gray 

rock weathers to a grayish olive. 

Phenocrysts: Same as TPE 4 but no microphenocryst of quartz 

are present. 

Groundmass: Same as TPE 4. 

TPE 6 

Mascroscopic: This highly weathered sample shows strong 

development of spheroidal weathering bands. The fresh 
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portion of the sample is a medium light gray which weathers 

to a light brown. 

Phenocrysts: Same as TPE 5. 

Groundmass: Same as TPE 5 except the opaque materials are 

concentrated in the areas of the spheroidal weathering 

bands. 

TPE 7 

Macroscopic: This sample is massive and shows some develop

ment of spheroidal weathering bands. The medium greenish 

gray rock weathers to a grayish orange pink. 

Phenocrysts: The anorthoclase phenocrysts are highly re

sorbed and exsolved. Inclusions of mafic minerals are com

mon at the edges of these phenocrysts. Soda-amphibole oc

curs as microphenocrysts. 

Groundmass: Feldspar microlites and shreds of mafic min

erals form a pilotaxitic mesh in this sample. Parallelism 

is very weakly developed. There is no quartz in this 

sample. Opaque material is distributed evenly throughout 

this sample. 

TPE 8 

Macroscopic: This medium greenish gray rock shows well 

developed spheroidal structures. These bands are marked 

by hematite stains. This sample has weathered to a gray

ish orange pink. 
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Grouncimass: Pilotaxitic structure is highly developed in 

this sample. The lineation of the feldspar microlites 

are disrupted in the vicinity of the phenocrysts. Shreds 

of soda-amphibole and small grains of quartz are present. 

Small blebs of glass also occur. The opaque materials are 

concentrated in the areas of the spheroidal banding. There 

is also a pronounced increase in the concentration of the 

mafic minerals in the areas occupied by these weathering 

bands. This may result from the contrast afforded by 

theopaques which are rimming the mafic minerals. 

TPE 9 

Macroscopic: In this very fresh sample, the feldspar 

pheocrysts are very distinct. The rock is greenish gray 

and weathers to a grayish orange pink. 

Phenocrysts: Rounded to subangular phenocrysts of anortho

clase show little resorption or exsolution. The rims are 

relatively free of mafic mineral inclusions. Micropheno

crysts of soda-amphibole are well developed. 

Groundmass: The feldspar microlites and shreds of mafic 

minerals show a well developed pilotaxitic texture. Quartz 

is present. Small blobs of glass are present. Opaque ma

terials are distributed evenly throughout the sample. 

TPE 10 

Macroscopic: This shows poorly developed spheroidal 
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banding and is otherwise featureless. This medium dark 

gray rock weathers to dark greenish gray. 

Phenocrysts: Same as TPE 9 but some clusters are developed 

Groundmass: Same as TPE 9 but the opaque materials are 

associated with the mafic minerals. 

TPE 11 

Macroscopic: This sample is highly weathered and shows 

strong development of spheroidal weathering bands. The 

medium light gray rock weathers to a light brown. 

Phenocrysts: Same as TPE 9 but many small inclusions of 

mafic minerals are present in the rims of the larger pheno

crysts . 

Groundmass: Same as TPE 9 but the opaque materials are 

more common and concentrated in the areas affected by 

spheroidal weathering. 

TPE 11a 

Macroscopic: This massive sample is medium light gray. 

Weathered surfaces are light olive gray. Dusky blue den

drites are developed on the weathered surfaces. 

Phenocrysts: Angular phenocrysts of anorthoclase show a 

high degree of resorption and exsolution. Highly bire

fringent mafic minerals occur as inclusions in the pheno

cryst rims. Large microphenocrysts of soda-amphibole are 

present. 



78 

Groundmass: Moderately well developed trachytic texture 

is disrupted in the vicinity of the feldspar phenocrysts. 

Shreds of mafic minerals are interwoven with the feldspar 

laths. Quartz, blebs of glass and opaque materials are 

evenly distributed throughout the sample. 

TPE 12 

Macroscopic: This generally featureless rock does show 

some development of black, possibly, manganese dendrites, 

throughout the sample. A greenish gray in color, this 

rock weathers to a dark greenish gray. 

Phenocrysts: Same as TPE 11a. 

Grouncimass: Same as TPE 11a but the opaques are quite 

naturally concentrated to form the dendrites. 

Site three: PN 

PN 1 

Macroscopic: Spheroidal weathering bands of up to three 

millimeters are developed. The medium light gray rock 

weathers to a light brown. 

Phenocrysts: The subrounded to subangular anorthoclase 

phenocrysts are highly resorbed and exsolved. Inclusions 

of highly birefringent mafic minerals are present in the 

rims of these phenocrysts. Microphenocrysts of soda-

amphibole occur throughout the sample. 
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Groundmass: Pilotaxitic texture is moderately well de

veloped. Shreds of mafic minerals are interwoven with the 

feldspar microlites. Quartz and glass blebs are sparsely 

distributed throualiout the sample. Opaque materials are 

concentrated in and around the spheroidal weathering zones. 

PN 2 

Macroscopic: This medium light gray rock is featureless 

and weathers to a light brown. 

Phenocrysts: The subangular phenocrysts are anorthoclase. 

They are resorbed and exsolved. Very little mafic ma

terial is included in the phenocryst rims. Microphenocrysts 

of soda-amphibole are dispersed through the sample. Micro

phenocrysts of quartz are present. 

Groundmass: Laths of feldspar and shreds of mafic minerals 

form a poorly developed groundmass mat of trachytic texture. 

Quartz and glass blebs occur throughout the sample. The 

opaque materials are associated with the shreds of mafic 

minerals. 

PN 3 

Macroscopic: This rock appears to be highly brecciated 

but is really intensely fractured. This brittle appearance 

is due to intense alteration of the fracture surfaces. 

This dusky yellow green rock weathers to a light brown. 

Phenocrysts: The anorthoclase phenocrysts are disrupted 
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by the fractures. They are rounded and show a high degree 

of resorption and exsolution. Highly birefringent mafic 

materials occur as inclusions in the phenocryst rims. 

Microphenocrysts ol̂  soda-amphibole and quartz occur in 

I hi:; :-.amp 1 <>. 

y.roundmass: Laths ol l.'eldspar and shreds of ma f:ic minerals 

are interwoven in a trachytic texture. This texture is 

disrupted in the vicinity of the anorthoclase phenocrysts. 

Quartz, glass blebs and opaque material occur throughout 

the sample. 

PN 4 

Macroscopic: This medium light gray rock weathers to a 

light brown. With the exception of the development of 

small brown dendrites, this rock is featureless. 

Phenocrysts: The anorthoclase phenocrysts tend to cluster 

together. The phenocrysts are resorbed and exsolved. Mafic 

minerals occur as inclusions in the rims of the feldspar 

phenocrysts. Soda-amphibole occurs in microphenocrysts. 

Groundmass: Pilotaxitic texture is well developed in this 

sample. Shreds of mafic minerals are intermeshed with the 

feldspar microlites. Small numbers of quartz grains and 

glass blebs are present. The opaque materials, for the 

most part, comprise the dendrites. 
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PN 5 

Macroscopic: Spheroidal weathering surfaces are poorly 

developed but noticeable. Small dendrites occur in the 

sample. The medium light gray rock weathers to a light 

brown. 

Phenocrysts: Same as PN 4. 

Groundmass: Same as PN 4 but the opaque materials are 

also concentrated in the zones of spheroidal weathering. 

PN 6 

Macroscopic: This massive light gray rock weathers to 

light brown. Dendrites are seen on the fresh surfaces. 

Phenocrysts: Same as PN 4. 

Groundmass: Same as PN 4. 

Site four: 17 and 172 

17 1 

Macroscopic: This massive, featureless medium light gray 

rock weathers to light brown. 

Phenocrysts: The phenocrysts are anorthoclase. They are 

resorbed and exsolved. Microphenocrysts of aegerine and 

quartz are dispersed throughout the sample. 

Groundmass: An interweaving of feldspar microlites and 

mafic mineral shreds comprise a well developed trachytic 

texture. Quartz and glass blebs are present. Opaque 
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materials are evenly distributed throughout the sample. 

17 2 

Macroscopic: This very fresh, featureless rock appears to 

be more syenitic than trachytic. The light gray rock 

weathers to moderate brown. 

Phenocrysts: The anorthoclase phenocrysts are rounded, 

resorbed and exsolved. Inclusions of mafic minerals are 

common in the rims of the phenocrysts. Phenocrysts of 

aegerine are common. Microphenocrysts of amphibole and 

quartz are present. 

Grouncimass: Microlites of feldspar and shreds of mafic 

minerals are aligned to form a trachytic texture. Quartz 

is present in minor quantities. The opaque materials are 

regularly distributed throughout the groundmass. 

17 3 

Macroscopic: Spheroidal weathering bands up to three 

millimeters in thickness are the distinguishing fieatures 

of this sample. The medium light gray rock weathers to a 

light brown. 

Phenocrysts: Subrounded to angular anorthoclase pheno

crysts show a high degree of resorption and exsolution. 

Minor amounts of mafic minerals form inclusions in the 

phenocryst rims. Aegerine forms microphenocrysts. 

Groundmass: A pilotaxitic mat of feldspar laths and mafic 
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minerals is the outstanding textural feature of this 

sample. Quartz, glass blebs and opaque materials are dis

tributed with regularity in this sample. 

17 4 

Macroscopic: This relatively featureless rock does show 

the development of some spheroidal weathering banding. This 

rock is medium light gray in color and weathers to a light 

brownish gray. 

Phenocrysts: Same as 17 3. 

Grouncimass: Same as 17 3 but the opaques are concentrated 

in the areas of spheroidal banding. 

17 5 

Macroscopic: With the exception of the occurrence of den

drites, this rock is featureless and very massive. 

Phenocrysts: Same as 17 3. 

Groundmass: Same as 17 3 but the opaque materials are 

associated with the dendrites. 

17 6 

Macroscopic: Spheroidal weathering bands attain a width 

of five millimeters. This medium light gray rock weathers, 

for the most part, to a light brown; some surfaces are 

weathered to a dusky blue. 

Phenocrysts: Same as 17 3. 
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Groundmass: Same as 17 3 but the opaque ma te r i a l s are 

h e a v i l y concent ra ted in the areas of spheroidal weathering. 

17 7 

Macroscopic: Spheroidal weathering bands up to one centi

meter in thickness distinguish this sample from all others; 

concentric fractures are associated with these bands. This 

medium light gray rock weathers to a grayish orange pink. 

Phenocrysts: Same as 17 3. 

Grouncimass: Same as 17 3 but the banded areas are saturated 

with opaque materials. 

17 8 

Macroscopic: Spheroidal weathering bands attain a width 

of five millimeters in this sample. Dusky blue dendrites 

are developed on some of the weathered surfaces. This 

medium light gray rock weathers to a light brown. 

Phenocrysts: Same as 17 3 but microphenocrysts of amphi

bole are present. Small crystals of quartz also occur. 

Groundmass: Same as 17 3 but there is no glass present 

in the sample. Opaque materials are concentrated in the 

zones affected by spheroidal weathering. 

17 9 

Macroscopic: Blacks dendr i t e s are well developed in t h i s 

sample. Spheroidal weathering bands up to f ive mi l l ime te r s 
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in thickness differ from the other rocks in this set in 

that yellow brown in color rather than the typical hema

tite red-brown. This medium light gray rock weathers to a 

light brown. 

Phenocrysts: Same as 17 3 but an increase in the number 

of mafic inclusions in the rims of the feldspar pheno

crysts was noted. 

Groundmass: Same as 17 3 but the opaque materials are 

closely associated with the dendrites. 

172 1 

Macroscopic: Spheroidal weathering bands in this sample 

are usually less than three millimeters in thickness. 

Dendritic patterns are well developed. This medium light 

gray rock weathers tc a light brown. 

Phenocrysts: The anorthoclase phenocrysts are subrounded 

to angular. They show a high degree of resorption and 

exsolution. Many fine mafic minerals occur as inclusions 

near the rims of these phenocrysts. Aegerine forms numer

ous microphenocrysts. Small crystals of quartz also occur, 

Groundmass: Pilotaxitic texture is the most striking as

pect of the groundmass. Shreds of birefringent mafic min

erals are interwoven with the feldspar microlites. Quartz 

and blebs of glass are evenly distributed throughout the 

groundmass. The opaque materials are concentrated in the 

areas affected by the spheroidal weathering bands. They 
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are conspicuously associated with the dendrites. 

172 2 

Macroscopic: Spheroidal weathering bands up to five milli

meters in width occur in this sample and there is much 

surficial staining. Some dendrite development was also 

nottHl. Thi' nuHliiuu light gray loek weathcvirs to a light 

brown. 

Phenocrysts: Same as 172 1 but no quartz crystals occur. 

Groundmass: Same as 17 2 1. 

172 3 

Macroscopic: This fresh looking sample is featureless 

with the exception of the occurrence of some small den

drites. The medium light gray rock weathers to a grayish 

orange pink. 

Phenocrysts: Same as 172 1. 

Groundmass: Same as 17 2 1 but the opaque materials are 

concentrated solely near the zones of spheroidal banding. 

172 4 

Macroscopic: Spheroidal weathering bands up to five milli

meters in width occur in this sample. This massive rock 

is medium light gray in color and weathers to a grayish 

orange pink. 



87 

Phenocrysts: Same as 172 1 but small crystals of quartz 

are absent. 

Groundmass: Same as 172 1 but the opaque materials are 

concentrated solely in the areas affected by the spheroidal 

weathering. 

172 5 

Macroscopic: This massive, medium light gray rock weathers 

to a light brown. Spheroidal weathering surfaces are de

veloped to only a minor extent. 

Phenocrysts: Same as 172 1 but a lesser number of mafic 

mineral inclusions occur in the anorthoclase phenocryst 

rims. 

Groundmass: Same as 172 1 but the opaque materials are 

distributed evenly throughout the groundmass. 

172 6 

Macroscopic: This very fresh, massive sample shows no de

velopment of spheroidal weathering bands. This light gray 

rock weathers to a light brown. 

Phenocrysts: Same as 172 1. 

Groundmass: Same as 172 1 but the opaque materials are 

distributed evenly throughout the groundmass. 

Site five: BN 

BN 1 

Macroscopic: Pyroxene phenocrysts stand out from the 
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groundmass. The fresh surfaces of this rock are grayish 

green and weather to a pale yellowish brown. 

Phenocrysts: Very large phenocrysts of pyroxene occur 

in this sample. The anorthoclase phenocrysts are rounded 

to subrounded. There are few inclusions of mafic minerals 

in the rims of the feldspar phenocrysts. Small crystals 

of quartz are scattered throughout the sample. Amphibole 

microphenocrysts also occur. 

Groundmass: Pilotaxitic texture is poorly developed in 

this sample. Feldspar laths and shreds of mafic minerals 

show some lineation. Quartz and glass blebs are distributed 

randomly throughout the grouncimass. Opaque materials are 

closely associated with the large mafic phenocrysts. 

BN 2 

Macroscopic: This massive, featureless, dusky yellow green 

rock weathers to a light brown. 

Phenocrysts: The anorthoclase phenocrysts are rounded to 

subrounded. Many fine inclusions of mafic minerals occur 

as inclusions in the phenocryst rims. Microphenocrysts 

of pyroxines, probably aegerine-augite, occur randomly 

throughout the sample. 

Groundmass: Feldspar microlites and shreds of mafic min

erals interweave to form a dense mat of trachytic texture. 

Quartz, glass blebs and opaque materials are dispersed 

throughout the groundmass. 
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BN 3 

Macroscopic: This massive rock is moderate yellowish brown 

and weal hers to a grayish orange pink. 

Phenocrysts: Same as BN 2. 

Groundmass: Same as BN 2. 

BN 4 

Macroscopic: This rock is massive and shows some minor 

development of spheroidal weathering surfaces. Dendrites 

also occur in this sample. The rock is medium light gray 

and weathers to a grayish pink. 

Phenocrysts: Same as BN 2 but microphenocrysts of quartz 

are randomly distributed throughout the sample. 

Groundmass: Same as BN 2 but the opaque materials are con

centrated in the areas affected by the bands of spheroidal 

weathering. 

Site six: HA 

HA 1 

Macroscopic: This massive sample shows the development of 

some isolated dendrites. This light gray rock weathers 

to a pale brown. 

Phenocrysts: Anorthoclase phenocrysts are highly resorbed 

and exsolved. The phenocrysts are rounded to subangular. 

Inclusions of mafic minerals are common in the phenocryst 
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rims. Soda-amphibole occurs as microphenocrysts. Small 

quartz crystals are also present. 

Groundmass: Pilotaxitic texture is the most striking 

feature of the groundmass. Feldspar microlites interwoven 

with shreds of birefringent mafic minerals are the primary 

components of the groundmass. Quartz and blebs of glass 

are distributed randomly throughout the groundmass. The 

opaque materials are associated with the dendrites. 

HA 2 

Macroscopic: This massive, featureless, medium light gray 

rock weathers to light brown. 

Phenocrysts: Same as HA 1 but no microphenocrysts of quartz 

occur. 

Groundmass: Same as HA 1 but the opaque materials are ran

domly dispersed throughout the groundmass. 

HA 3 

Macroscopic: This sample differs totally from all the 

other samples collected for this study. This rock is a 

vessicular, basaltic, dark gray rock that weathers to a 

brownish gray. 

Phenocrysts: Microphenocrysts of pyroxene, probably the 

clinopyroxene aegerine, occur randomly throughout the 

sample. Microphenocrysts of anorthoclase are also present. 

Groundmass: The groundmass shows a moderately well 
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developed pilotaxitic texture of interwoven microlites of 

feldspar and shreds of highly birefringent mafic minerals. 

There are no occurrences of quartz although a few blebs of 

glass were identified. Opaque materials are randomly dis

tributed throughout the grouncimass. 

HA 4 

Macroscopic: Densely packed, spheroidal weathering sur

faces distinguish this rock from all others showing this 

banding. The bands do not exceed two millimeters in thick

ness. This medium light gray rock weathers to medium dark 

gray. 

Phenocrysts: Same as HA 1. 

Groundmass: Same as HA 1 but the opaque materials are 

closely associated with the zones of spheroidal weathering, 

HA 5 

Macroscopic: Although this sample shows little spheroidal 

weathering, dendrites are quite well developed. This 

light olive gray rock weathers to olive gray. 

Phenocrysts: Same as HA 1. 

Groundmass: Same as HA 1 but the opaque materials are 

closely associated with the dendrites. 
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ANALYTICAL PROCEDURES USING A GENERAL ELECTRIC 

X-RAY EMISSION SPECTROPHOTOMETER 

Examination of a number of̂  samples were made using 

the General Electric x-ray emission spectrophotometer or 

more simply a x-ray fluorescence unit. 

Initially each individual sample is ground finely 

enough to pass through a 200 mesh sieve. Approximately 

five grams of sample are pressed into a polyvinyl alchohol 

This sample is then analyzed simultaneously with the United 

States Geologic Survey base 2-37. The researcher has the 

choice of running a qualitative test with no quantitative 

results or running a quantitative test for predetermined 

oxides. This report's quantitative results were reinforced 

by qualitative tests indicating the presence of trace ele

ments such as rubidium and zirconium. 

The calibration curves were predetermined using 

United States Geologic Survey base samples AGV-1, BCR-1, 

G-2, GSP-1, and W-1. 

Si02, CaO, and K2O analyses were accomplished using 

Cr radiation and an EDT analyzing crystal. Fe203 analysis 

used W radiation and a LiF analyzer. Ti02 was run under 

Cr radiation using a LiF analyzing crystal. All samples 

were analyzed in a vacuum. The instrument settings used 

in this fluorescence work are listed in the accompanying 

table. 
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The limitation of this analytical procedure is that 

Na and Al radiation is too sott. As a result the radiation 

is abs«.)rbed by the atmosphere in the goniometer chamber, 

l-'or this reas.on, oxide pei'contages l:or Na and Al cannot' 

be Cound iisincj lliis method. 

Most of the error introduced into the data is sta

tistical counter error generated by the apparatus. Size 

contamination of the samples can also be a problem. Final

ly, the working curves are not corrected for background; 

this also results in data error. 
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