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ABSTRACT 

POTASSIUM-ARGON AGE AND PETROGRAPHY OF THE 

SIERRA BLANCA PEAK IGNEOUS INTRUSIVES 

HUDSPETH COUNTY, TEXAS 

William K. Matthews IH 

Rhyolite and diorite intrusives are exposed six miles west of Sierra Blanca 

(Hudspeth County) in West Texas. StructuraUy, they lie between the relatively 

undeformed Diablo Platform and the folded and faulted Chihuahua Tectonic Belt 

(Lar amide). 

In thin sections the rhyolite was homogeneous and the diorite proved more 

variable in mineralogy. Detailed field mapping (1:24000) confirmed the general 

outlines of the five rhyolite laccoliths described by earlier workers. New details 

of rhyolite dikes, autobrecciation, and flow banding were recognized. A rhyolite 

age of 36.1 m.y. was reported by earlier workers. The new mapping documented 

over fifty previously unreported diorite dikes and sills with a concentrated swarm 

near Sierra Blanca Peak. 

A potassium-40/argon-40 age of 88 +4 m.y. from a single hornblende 

phenocryst from a 3 foot dike in the diorite swarm is the oldest Mesozoic age 

reported to date in this region. Mineralogical differences between the rhyolite 

and diorite and the 50 m.y. interval between emplacements increase the 

probability that they are from unrelated magma sources and different tectonic 

regimes. 
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INTRODUCTION 

The study area is located in West Texas, Hudspeth County, six miles west 

of the county seat—Sierra Blanca. The area under consideration comprises 

30 square miles which were mapped and sampled in detail (see Figure 1). The 

mapped areas are in the 7-1/2 minute topographic quadrangles of Lasca and 

Gunsight Hills South. 

The peaks rise 1200 feet above the vaUey deposits and range from 2-1/2 

to less than 1/2 mile in diameter. From largest to smallest they are Sierra 

Blanca, Little Blanca, Round Top, Triple HiU, and Little Round Top. Each peak 

consists of an unroofed rhyolite laccolith (upper 1/3) with Cretaceous marl and 

limestone around the base. 

The study area lies in the transition zone between the Diablo Platform 

(stable since uplift in Permian time; Albritton and Smith, 1965) to the north 

where strata typically have dips less than 5 degrees in any direction and the 

complex folding and faulting (north-northwest trend—Laramide grain) expressed 

in the Chihuahua Tectonic belt found to the south. The style of the Laramide 

folding appears to be controlled by the stable Diablo Platform and the relatively 

incompetent evaporite strata that are thick in the pre-Tertiary section (Gries, 

1980). No salt—no folding is the conclusion of one study (Gries, 1980). These 

tectonic features are outlined in Figure 2. 

The Diablo Platform has been relatively high since the Permian and, 

perhaps, even the Precambrian times whilst the Chihuahua sedimentary trough 

accumulated a ten-fold greater thickness of Mesozoic sediments alone 

(Muehlberger, 1980). Flawn (1956) and Barker (1977) suggest that the present 

boundary is not far removed from the boundary between the stable Texas 

Precambrian Craton and the Van Horn Mobile Belt, also Precambrian. 

1 
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Figure 1: Location of Study Area 
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Figure 4. Known Laramide faults and folds. Symbols: as in Figures 1 and 2, plus: short bar across fine line-anticline (open folds in Texas, 

mainly monoclines in Mexico); open rectangles-upthrown side of faulted monoclines. ! 

Figure 2: Laramide Structures in West Texas 

(after Muehlberger, 1980) 
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The study area also lies within a zone of intense and varied Cenozoic 

igneous activity known as the Trans-Pecos Magmatic Province. Barker (1977) 

delineates this region as bounded on the south and west by the Rio Grande 

River, to the east by the Pecos River, and by a line just 12 km north of the 

Texas-New Mexico state line. Igneous activity occurred from approximately 

42-16 m.y.a. (McDowell, 1979) but the activity peaked during 40-31 m.y.a. In 

the areas immediately adjacent to this study, nearly all dated igneous activity 

occurred 35 + 2 m.y.a. (Barker, 1977 and McDowell, 1979). 

The form of the activity is a series of hypabyssal intrusions (stocks, sills, 

dikes) which are the exposed roots of a much larger volcanic field. An erosional 

remnant of this is found 25 km to the northeast where a basaltic flow occurred 

16 m.y.a. (Barker, 1980). 

Although the geology of the Sierra Blanca intrusives has been outlined 

previously, a detailed petrographic study of the rhyolite and diorite remained 

to be performed. The objectives of this study were to characterize the igneous 

rock types found in the area by thin-section analysis and make a more detailed 

map of the intrusives and their contacts. Although the rhyolite has been dated 

(36.1 m.y.; Chris Henry, personal communication), field relations show only that 

the diorite is ’’older" (crosscut by rhyolite). Potassium-40/argon-40 dating of 

the diorite would add time restraints on the understanding of the Trans-Pecos 

Magmatic Province. 
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PREVIOUS WORK 

The area was not mapped in any detail until the late 1940s when Albritton 

and Smith's work was completed. They found the region to have five rhyolitic 

laccoliths which intruded Cretaceous marls and limestones of Washita age. Their 

stratigraphic column is reproduced in Figure 3. However, their work concentrated 

on the stratigraphic and structural trends in the area and gave only rudimentary 

treatment to the igneous rocks exposed in the study area. Furthermore, the 

map they published is on a 1:62500 scale and did not identify the igneous rock 

type found beyond labeling it as a "Tertiary dike or sill" nor were they able 

to recognize stratigraphic sub-divisions in this study area finer than "Washita". 

Of critical note is the lower Cretaceous stratigraphic position assigned to the 

Etholen conglomerate. The lower contact of this stratum is obscured but 

Albritton and Smith mapped the small exposures as underlain by thrust faulting. 

Huffington (1943), on the other hand, placed the Etholen conglomerate as the 

uppermost Cretaceous unit and reported no thrust faulting in his field area to 

the south. 

Albritton and Smith (1965) discovered that the laccoliths dip to the 

southwest and noted some compositional variations in the rhyolite—two of the 

peaks being sub-porphyritic as opposed to the aphyric character of the other 

three. Also, an older "diorite" plug was intruded by Sierra Blanca peak. The 

age of the suite was not determined but an Oligocene-Miocene estimate was 

hazarded in a later study of the fluoritization of the rhyolite-limestone contact 

(McAnulty, 1980). A single potassium-40/argon-40 age determination of 36.1 m.y. 

for Sierra Blanca peak has been reported (Chris Henry, personal communication). 

No detailed petrography or chemistry has been performed on the suite 

beyond the four analyses reported in Table 1 (Barker, 1980). They show the 

rhyolites to be silica-rich ( 74%) and tow in titanium, magnesium, iron, and 
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.'y^tem Series Age Formation [ Lithology ^ Thickness (feet) 

Upper 

Gray and brown fine-grained and very fine grained 
sandstone and less siltstone and shaly siltstone; 
much of the sandstone is arkosic. 

1 

1675+ 
i 

Washita Undivided Massive gray limestone and nodular limestone 
and less marl, shale, and sandstone. 

1 1 
3 1,020d=-l, 400 

 ?-?-?  Kiamichi 
Gray shale, gray nodular limestone, and marl in 

southern Quitman Mountains; sandstone and 
some marl at north end Flat Mesa; sandstone 
on Diablo Plateau. 

150±-235 

Fredericksburg Finlay 
Principally gray limestone, some slightly sandy; 

some interbedded marl, marly limestone, and 
nodular limestone; sandstone lenses in northeast 
on Diablo Plateau. 

130=fc-510 

"retaceous 

1 Lower 

r0x 

Brown-weathering and brown-speckled sand¬ 
stone, shale and siltstone, and limestone: shale 
and siltstone predominate in northwestern 
exposures, in Finlay Mountains; sandstone 
predominates in eastern exposures: sandstone 
and limestone are about equal in amount in 
southern exposures, in southern Quitman 

4^0-1,300±i 

! 

1 Mountains. 

Generally limestone and marl in upper 200 ft; 
Campagrande 3 i interbedded limestone, silt, sandy shale, sand¬ 

stone, and conglomerate in lower part. 
375-800 rfc: 

i 

Trinity 

i 

Bluff Mesa3 Gray sandy limestone and less limestone, sand- | 1,080-1,475db: 
stone, and shaie; many massive limestone beds, i 

Yucca 

Limestone, sandstone, quartzite, limestone- 
pebble conglomerate, and shale; conspicuous 
red and yellow beds; limestone predominates 
in northern exposures, sandstone predominates 
in southern exposures. 

0-5, 500+ 

Etholen4 
Conglomerate, chiefly of limestone pebbles, cob¬ 

bles, and boulders; scattered chert pebbles and 
locai beds of chert-pebble conglomerate; some 
lenses of gray limestone. 

700+ 

Oretaceous(?) Lower Torcer 4 Impure limestone containing clay to sand-sized 
siliceous particles; some sandstone and shale; 
basal beds of quartzitic sandstone and some 
conglomerate chiefly of siliceous pebbles. 

400± 

Jurassic 

 U ncomforc 

Permian 

Upper Malone 

Upper member: black limestone, generally sandy; 
some calcareous sandstone at base. Lower 
member: sandstone, siltstone and shale, lime¬ 
stone-pebble conglomerate, and limestone: all 
units thinly bedded; abrupt lateral changes in 
facies; irregular and discontinuous bodies of 
gypsiferous rock in basal and middle parts. 

190-1,000±. 

i 

Leonard 

Briggs « 
Gypsum and interbedded irregular bodies and 

lenses of limestone and dolomite. 

i 
630+ 

Not named • 
About 60 percent marlstone and 40 percent lime¬ 

stone, dolomitic rocks, and limestone-pebble 
conglomerate. 

1,650+ 

1 Top is at base of Devil Ridge thrust. 3 Probable range. 
3 The order of these two formations in the table does not indicate stratigraphic sequence. They are equivalent in part at least. 
4 The order of these two formations in the table does not indicate a strict stratigraphic sequence. They may be equivalent in part. 8 The order of these two formations in the table does not indicate stratigraphic sequence. They are equivalent in part at least. 

Figure 3: Stratigraphy of Sierra Blanca Area 
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Table 1. Chemical Analyses from the Sierra Blanca Area 
(Barker, 1980). 

Trip 1 LRT 2 RT 1 Blanca 1 

Si02 71.00 73.00 74.40 75.60 

Ti02 0.22 0.00 0.00 0.09 

A12C>3 15.62 13.92 13.72 1400 

Fe203 2.34 1.01 1.03 0.49 

FeO 0.18 0.38 0.36 0.30 

MnO 0.05 0.14 0.08 0.06 

MgO 0.19 0.03 0.01 0.02 

CaO 1.14 1.09 0.70 0.34 

Na20 4.55 5.12 4.84 4.86 

K2O 4.87 3.80 3.92 3.90 

H2O+ 0.40 0.49 0.28 0.24 

H2O- 0.22 0.11 0.08 0.08 

P2O5 0.07 0.00 0.00 0.00 

co2 0.30 0.01 0.03 0.02 

BaO - - - - 

loss on 
ignition - - - - 

TOTAL 101.15 99.10 99.45 100.00 

Trip 1 Triple Hill intrusive rhyolite (31*16'N, 105*23’W) 

LRT 2 Little Round Top intrusive rhyolite (31*17'N, 105*27^) 

RT 1 Round Top intrusive rhyolite (31*16'N, 105*28'W) 

Blanca 1 Sierra Blanca intrusive rhyolite (31*15.5'N, 105*26.5'W) 
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phosphorus. The previously mentioned fluoritization survey (McAnulty, 1980) 

was part of an intensive economic search of the Sierra Blanca Peaks area. 

Fluoritization is present at the intrusive contacts on all peaks save Triple Hill. 

Anomalous values for tin, fluorine, beryllium, zinc, and uranium, 20 to over 50 

times greater than crustal average, were found. The rhyolite and altered country 

rock averaged 1% fluorite, 0.11% beryllium oxide, 93 ppm uranium, 216 ppm tin, 

and 249 ppm zinc. The average value of all continental granites and rhyolites 

is 4-6 ppm for uranium, beryllium, and tin (McAnulty, 1980 and Keller et al., 1981). 

No feeders were found beneath the laccoliths during drilling and the floor 

of the igneous body was found to undulate although the laccolith is mostly found 

above the Cox Sandstone formation. McAnulty and McAnulty were able, on the 

basis of new drilling information, to subdivide the undivided Washita formations 

as mapped by Albritton and Smith into the following units. 

Eagle Ford Group (lower Gulfian Series) 

Chispa Summit Formation 

Washita Group (Comanche Series) 

Buda Limestone 

Del Rio Formation 

Espy Limestone 
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FIELD RESULTS 

Several new details of importance were discovered during ten weeks of 

field work in and around the Sierra Blanca laccoliths during 1982. Of particular 

significance is the discovery of a dike swarm around Etholen Knob (see maps 

in back pocket). The dikes are 1-5 feet in width and are exposed from only a 

few feet to over 700 feet in length. Most of the dikes strike northwestward 

(see inset map). Dips are commonly vertical, but dips as low as 25° and generally 

to the southwest were observed. A few exposed dikes run northeast and dip to 

the northwest and several dikes trend northwest and are inclined to the northeast. 

Table 2 is a compilation of all strike and dip information collected from the 

area and Figure 4 summarizes these angular data on a stereonet. 

Table 2 also includes the folds found in the Chispa Summit Formation 

(Turonian) that is intruded by the dikes. The dikes and sills display conformable 

to discordant relationships to the intruded sedimentary units and are composed 

of the same diorite material found on the flanks of Round Top and Sierra Blanca 

Peak (see petrographic descriptions and modal analyses). 

The significance of the dike field lies in its structural relationship. The 

dikes intrude folded/faulted sediments of the Chispa Summit Formation of the 

Chihuahua Trough. The dikes, however, do not intrude the Etholen Conglomerate 

(Comanchean), which may form the thrust klippes which are attributed to the 

Laramide disturbance. This interpretation holds if the Etholen conglomerate is 

fault-bounded. Age estimates of the Laramide effects are from Late Cretaceous 

(beginning about 88 m.y.) to mid-Eocene and are largely based on the orogenic 

pulses "recorded" by angular unconformities or renewal of coarse grained 

sedimentation in Big Bend country (Maxwell, et al 1967)* One estimate of the 

time of deformation is also based upon a 50-69 m.y. old gabbroic sill found in the 
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Pole of dike/sill orientation 

Fold axis 

Figure 4: Orientation of Etholen Knob Dikes 
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TABLE 2: Etholen Knob Dike Data 
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EXPOSED EXPOSED 
DIP0 LENGTH (ft) STRIKE0 DIP® LENGTH 

55 S 100 308 90 100 

60 S 50 305 90 15 

90 25 300 31 S 150 

83 N 20 308 90 100 

90 10 305 90 15 

90 170 330 80 N 300 

90 5 297 90 200 

90 600 280 90 10 

21 S 1000 345 90 15 

90 10 344 37 S 20 

90 3 350 35 S 23 

90 11 320 16 N 50 

33 S 5 346 35 S 10 

90 500 330 26 N 5 

90 25 FOLDS IN CHISPA SUMMIT I 

90 5 STRIKE0 PLUNGE0 

90 20 19 5 NE 

49 S 70 314 4 NW 

65 N 10 148 54 SE 

321 16 NW 
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Mariscal Mountain anticline in Big Bend National Park (McDowell, 1979). What 

is in doubt is whether the sill was emplaced before folding or followed a 

post-folding favorable zone of intrusion. Additionally, the potassium-40/argon-40 

date of the sill was from a whole rock analysis which was labeled of dubious 

value (McDowell, 1979). Since the stratigraphic record is incomplete in most 

of the Trans-Pecos and satisfactory dating of supposed late Cretaceous intrusives 

in Big Bend has yet to be completed (Muehlberger, 1980), the timing of 

deformation is not well understood in this region. As mentioned before, serious 

questions have been raised as to the stratigraphic position of the Etholen 

conglomerate and its structure. Huffington (1943) places it as the youngest 

Cretaceous unit in his field area nearby. Reid et aL (1980), felt that the 

deformation in the Chispa Summit sandstones may be ’’soft sediment slump 

features on a sloping sediment interface". The chaotic lower feet of the 

conglomerate may be channel deposits. Furthermore, some warping of the Chispa 

Summit Strata is due to the emplacement of the dikes themselves. As the field 

relations at Etholen are equivocable, the "thrust sheet" of Albritton and Smith 

remains a hypothesis. 

The diorite outcrops on the flanks of Sierra Blanca and Round Top are 

in dikes and sills with irregularly shaped exposures due to talus slopes and 

arroyo faces. In several places the diorite is intruded and fluoritized by younger 

rhyolite veins. The best exposures are found in bulldozed trenches on the north 

face of Round Top and in a previously unmapped sill on the north face of Sierra 

Blanca Peak. 

The new mapping traced the isolated diorite exposures on the northwest 

face of Sierra Blanca (noted by Albritton & Smith, 1965) completely around the 

western and southern flanks to their mapped outcrops on the south face. This 
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extension consists of two sills which dip to the southwest and are separated by 

only 10 feet of Buda Limestone. Both sills are blocky in appearance and weather 

to a deep rust-brown—the upper sill is 15-17' in most places but thickens to 

over 27' on the western section of the peak. This true thickening is based on 

dip calculations and is not an apparent thickness uncovered by erosion. The 

lower sill quickly dips beneath the alluvial cover and is 10' thick. 

The two sills converge near Dyke Top-Cliff Top although the exact 

relationship is complex in this area. Dyke Top-Cliff Top apparently represent 

a dike which trends NW-SE and continues up the flank of Sierra Blanca 

(represented by the mound of diorite just to the southeast) until cross-cut by 

the younger rhyolite. Injections along bedding begin at this mound. The irregular 

outcrops just to the east are the exposures along strike of the lowermost sill. 

The south face of Sierra Blanca Peak is most complex. Within 100' there 

are 11 alternating exposures of rhyolite and diorite concordantly intruded into 

Buda Limestone. 

The mapping of the rhyolite did not substantially alter previous reports 

although additional rhyolite capping hills at the edge of the Diablo Plateau 

(labeled as the Four Hills area) were found and zones of flow 

banding/autobrecciation are also included on the map. The drilling program 

initiated by McAnulty and McAnulty did not see any discernible pattern to the 

autobrecciation save those exposed at the contact (which, of course, represent 

the breakup of the cooled edge by a still molten interior). 

As was reported by Albritton and Smith, the seemingly concordant exposure 

of the rhyolite contact is seen along only a small percent of the laccolith and 

the detailed shape of the body is ambiguous. 

Drilling in Round Top, Little Round Top, and Little Blanca Mountain 

provides some answers to the structure at depth but these results are not 
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available for this report. This proprietory information also revealed the existence 

of a diorite dike beneath Round Top. This dike is below the laccolith, which 

is intruded into Cretaceous strata. This may be a continuation of the exposed 

dike in Round Top or even of the dike as far away as Dyke Top-Cliff Top. The 

projection of the strike of this last dike places it in the general vicinity. 
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PETROGRAPHY 

Modal Analysis 

Thin section petrography and modal analyses were carried out on 52 thin 

sections employing methods outlined in Laboratory Handbook of Petrographic 

Techniques (Hutchison, 1974). As only a few samples displayed flow orientations 

or were of unequal grain size, simple 1000 point count analyses were performed. 

For the porphyritic textures the procedures outlined in sections 3.5, 3.7, and 

3.8 of the Handbook were employed. The technique involves using a point grid 

overlay on a rock slab to estimate modal percentages of phenocryst phases. 

These results were combined with the thin section point counts on an area free 

of phenocrysts. Representative modal analyses are found in Tables 3 and 4. 

Using the methods outlined above, two igneous rock types were found 

with one subtype. 

I. Rhyolite—Aphanitic with less than 5% phenocrysts. 

IA. Rhyolite porphyry—Aphanitic with more than 5% and less than 

50% phenocrysts. 

H. Diorite 

I. Rhyolite and rhyolite porphyry. As described by Albritton and Smith (1965), 

the material is a very pale orange (10 YR 8/2 on the U.S.G.S. Color Chart) 

when fresh and weathers to a pinkish gray (5 YR 8/1) to pale red (10 R 6/2). 

In general the rhyolite is aphanitic (the microlites identifiable under 

magnification) with rare phenocrysts of quartz up to 1 mm in size. This type 

is found on all peaks save Triple Hill and Sierra Blanca, which are composed 

of rhyolite porphyry. The phenocrysts present in the rhyolite porphyry are 

euhedral biotite up to 1-1/2 mm in size and corroded crystals of albite. These 
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phenocrysts are set in a felsitic groundmass of interlocking crystals of feldspar 

and quartz. Where present as a phenocryst, the quartz is clear and subhedraL 

Micro lit es of quartz in the groundmass are exceedingly fine anhedral but roughly 

equidimensional crystals. 

Feldspars are yellow to gray in color and are anhedral. They are cloudy 

and therefore determination of An content by stage rotation methods are only 

estimates. The plagioclases are sodic with none running above An^g (oligoclase). 

K-feldspars are chiefly orthoclase and are contained solely in the groundmass. 

Alteration to sericite also clouds the appearance of these minerals. 

The most obvious accessory mineral is magnetite which forms euhedral 

octahedra (separated as such in quantity during potassium-40/argon-40 mineral 

separations on the Frantz Magnetic Separator). Magnetite is seen mostly as 

irregular opaque blobs in thin sections. These blobs commonly cluster in and 

around biotite and at the edges of feldspar phenocrysts. Magnetite is also 

freely distributed in the aphanitic rhyolite. Some zircon, rutile, fluorite, and 

cassiterite are present as tiny grains disseminated in the groundmass. Cassiterite 

is noted but is questionable as opaque grain identification is difficult. However, 

the presence of large tin anomalies in the rhyolite proper, altered rhyolite, and 

country rock means that the tentative identification is reasonable. The dominant 

opaque, however, is magnetite, which is distinguished by its high magnetic 

susceptibility. Extremely rare rounded oligoclase crystals were observed in the 

Triple Hill rhyolite porphyry. (See Table 3 for modal analysis.) 

II. Diorite—The diorite exposed around Etholen Knob, Sierra Blanca, and Round 

Top has a phaneritic nonporphyritic (1-2 mm) to phaneritic porphyritic texture 

(some andesine phenocrysts with occasional hornblende phenocrysts up to 6 mm 

in size). Because quartz is an accessory mineral in all the samples, the rock is 
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Table 3: Summary of Modal Analyses for Rhyolites 

SB-2 SB-11 TH-7 RT-1 LRT-E 

Quartz 55.4% 57.1 57.6 59.4 54.3 

Plagioclase 4.4 2.7 3.0 3.7 2.3 

Alkali feldspar 33.5 34.9 34.8 31.8 35.6 

Biotite 5.2 4.1 2.9 1.1 2.2 

Magnetite 0.9 1.1 1.5 3.6 4.1 

Zircon 0.1 0.1 0.2 - - 

Rutile 0.3 - - - - 

Cassiterite (?) 0.2 - - 0.4 0.4 

Chlorite - - - - 1.1 

LRT-4 LBM-2 LBM-7 FH-1 

Quartz 58.7 56.0 55.8 59.1 

Plagioclase 1.9 3.3 3.9 2.6 

Alkali feldspar 34.6 36.2 35.2 36.6 

Biotite 2.7 1.8 1.2 0.7 

Magnetite 2.1 2.6 3.4 0.9 

Zircon - - - - 

Rutile - 0.1 - 0.1 

Cassiterite (?) - - - - 

Chlorite — — 0.5 — 
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Samples 

SB-2 

SB-11 

TH-7 

RT-1 

LRT-E 

LRT-4 

LMB-2 

LMB-7 

FH-1 

Table 3: Summary of Modal Analyses for Rhyolites 

reported on basis of areal diversity/freshness . 

Sierra Blanca Peak Rhyolite porphyry, southeast face 

Sierra Blanca Peak Rhyolite porphyry, north center face 

Triple Hill Rhyolite porphyry, east central portion 

Round Top Rhyolite, north face 10* above Del Rio Shale contact 

Little Round Top Rhyolite, next to autobreccia zone east face 

Little Round Top Rhyolite, near peak 

Little Blanca Mountain Rhyolite, west face 

Little Blanca Mountain Rhyolite, south face at contact with Buda Limestone 

Four Hills Rhyolite, hiU farthest east 
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classified as a diorite per se and not as a tonalité. The material is light olive 

gray (5 Y 6/1) changing to varying shades of yellow and brown when weathered. 

Typical modal analyses are presented in Table 4. The predominant mineral is 

plagioclase followed by hornblende, clinopyroxene (probably augite), biotite, 

quartz, and magnetite. 

The plagioclase phenocysts are usually concentrically zoned and are 

andesine to oligoclase in An content. These are found against a feldspar matrix 

of albite-oligoclase composition. Inclusions found in the plagioclase include 

perthite, apatite, and zircon. 

Alkaline feldspars are present in small quantities and are found as 

overgrowths on the plagioclase and as interstitial material. With feldspars at 

less than 7%, the rock cannot be classified as a granodiorite. 

Hornblende is euhedral, dark green to black, and is usually twinned. The 

larger phenocrysts weather to a light green fibrous mineral. Weathered 

phenocrysts were not used in age dating these rocks. Under crossed niçois, the 

ferromagnesian mineral is remarkably homogeneous and free of inclusions. The 

habit is usually short and stubby although elongated prismatic forms typify the 

less than 1/2 mm size. Biotite is less than 2% and is generally associated with 

hornblende. The biotite books are euhedral and often contain large amounts of 

magnetite. The modal percentage of magnetite is probably underestimated in 

this study. 

Separation of hornblendes for potassium-40/argon-40 age dating was 

troublesome as magnetite is finely dispersed throughout the groundmass and some 

of the phenocrysts. Thus, the usual Mpre cleaning" of powders by weak hand 

magnets would often remove 80% of material. The magnetite is anhedral when 

seen in thin section. 
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Additional accessory minerals include minor amounts of colorless quartz 

and clinopyroxene. The clinopyroxene is euhedral to rounded and exhibits various 

stages of corrosion and mantling by hornblende. The average grain size is less 

than 0.25 mm. Sphene is found in exceedingly small amounts as tiny wedge 

shaped crystals attached to hornblende. 

Samples presented here are representatives from Round Top, the northwest 

and north faces of Sierra Blanca Peak as well as the diorite field found around 

Etholen Knob. As is evidenced, some compositional variations exist, especially 

between the Etholen Knob dikes. Unfortunately, due to the badly weathered 

state of most of the dikes, the significance of these changes is unclear. Certainly, 

they are near-equivalent as to time of intrusion. Since they share distinctive 

traits such as large hornblende phenocrysts, the same degree of silica saturation 

and represent the most mafic rock type in the area without any chemical 

intermediates from diorite to rhyolite, they are probably co-magmatic. However, 

alluvial cover between the outcrops obscure the field relationships. Several 

dikes in Etholen Knob were exceedingly similar to the hornblende porphyry 

sampled in the Finlays. This similarity suggests an association not only among 

the more mafic rocks exposed at Sierra Blanca but also to those exposed on 

the western edge of the Quitman pluton 10 km to the south and 25 km to the 

northwest in the Finlay Mountains. What is more certain, however, is that the 

diorite is probably not related genetically to the rhyolite. Field relations show 

a Laramide age for the former and a post deformational age for the latter. 

Potassium-40/argon-40 age dates for the two should confirm this separation in 

time and "tectonic regime". 
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Table 4: Summary of Modal Analyses of Diorite Dikes and Sills 

RT-Da EK-1 EK-A DT-1 SB- 

Hornblende 18.5 16.3 24.2 13.3 15. 

Plagioclase 66.8 61.9 64.0 70.3 67. 

Alkali Feldspar 6.4 6.9 4.8 6.5 5. 

Clinopyroxene 3.1 5.7 2.6 3.4 4. 

Biotite 1.9 1.1 2.3 1.8 2. 

Quartz 0.4 4.0 1.4 2.6 1. 

Magnetite 2.5 1.6 0.5 1.8 3. 

Zircon 0.4 0.1 - 0.3 0. 

Chlorite - 2.4* 0.2* - 

Sphene - - - - 0. 

‘Presumably altered biotite 

Samples 

RT-Da Round Top Diorite sill, north face 

EK-1 Etholen Knob phaneritic nonporphyritic Diorite - weathered 

EK-A Etholen Knob phaneritic porphyritic Diorite 

DT-1 Dyke Top dike, northwest flank of Sierra Blanca 

SB-D Sierra Blanca Diorite sill, north face of Sierra Blanca Peak 

i-D 

.2 

.0 

.2 

.8 

.7 

.7 

.1 

.2 

.1 
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LABORATORY WORK: 

K-AR AGE DATING 

Sample Preparation 

Portions of 98 hand samples were thin-sectioned to test the homogeneity 

of the rock types, as well as to evaluate the relative freshness of the samples. 

The freshest and most important for interpreting the geologic sequence of events 

were reserved as candidates for potassium-40/argon-40 dating on mineral 

separates. Rinds of weathered material on the sample (if present) were chipped 

off. The samples were then fed into a jaw crusher which was thoroughly cleaned 

prior to usage. Between samples, the crusher was cleaned and precontaminated 

with a small amount of the next material to be crushed. The jaw crusher broke 

the samples into smaller chips, usually under one centimeter maximum dimension. 

Several hundred grams of material of each sample were ground to maximize 

representative sampling and minimize contamination. A kilogram or more was 

used for porphyritic samples. 

The chips were fed through a pair of crushing rolls which were cleaned 

and pretreated with the next sample as described above. The spacing of the 

rollers was gradually reduced until the sample was disaggregated. Powders were 

stored in Whirl-Paks (sterile). 
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Potassium-40/Argon-40 Mineral Separation Techniques 

The Etholen Knob hornblende phenocryst chosen for potassium-40/argon-40 

age dating was sieved through plastic sieves into 1, 0.50, and 0.25 mm fractions. 

The fractions having the desired mineral separate were cleaned by placing the 

sieved grains in a beaker and running water forcibly into the sample and decanting 

the slurry-water mixture repeatedly until the supernatant was clear. 

The samples were then placed in an ultrasonic bath and cleaned repeatedly 

until the supernatant ran clear. At this point, an acetone rinse was used to 

dehydrate the surfaces and then the sample was dried under a heat lamp. 

Magnetic Separation 

Mineral separates (hornblende and biotite) were made by taking advantage 

of the different magnetic susceptibilities of these minerals on a Frantz Isodynamic 

Magnetic Separator. Samples were first cleaned of strongly magnetic material 

such as magnetite by passing a hand magnet over the minerals. Samples were 

then run on the Frantz at forward and side slopes of 20° with increasing 

amperage at successive passes until the desired mineral was separated. 

Mineral separates were studied under the binocular microscope for purity 

and lack of alteration. Sample separation was repeated until high ( 99%) purity 

without any alteration products was achieved. 
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Sample Dissolution 

One-half gram aliquots of each sample, standards (see Potassium 

Determinations) and Etholen Knob hornblende separates, were subjected to 15 ml 

concentrated nitric acid and 15 ml concentrated hydrofluoric acid. The mixture 

was placed under heat lamps and treated to near dryness. This was repeated 

twice. Next, 15 ml of concentrated nitric acid alone was added and brought 

to near dryness. This was repeated two more times to remove calcium difluoride 

precipitate. At this point, the sample is completely dissolved. The concentrated 

solution was then transferred to a 100 ml flask and refluxed under heat lamps 

for approximately 12 hours to remove any remaining calcium difluoride precipitate 

present. 

The refluxed solution was then diluted to a 100 ml stock solution. Aliquots 

of the sample stock solution were removed and diluted to within the working 

range of the Perkin-Elmer Atomic Absorption Spectrophotometer Model 560. 
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Potassium Determination 

Standards 

Standards employed were USGS W-l (diabase), NBS 278 (obsidian), and 

NBS 688 (basalt) with certifiable K2O percentages of 0.64 + 1%, 4.16 + 0.02, 

and 0.187 +_ .008, respectively. They were dissolved using the same method as 

the samples and in parallel with full procedural blanks. 

Atomic Absorption Spectrophotometry 

Aliquots of the standards, samples of the Etholen Knob hornblende, and 

procedural blanks were diluted to within the linear working range of the 

Perkin-Elmer AAS Model 560 which is from 0.1 to 2 micrograms per milliliter 

solution. Additionally, aliquots with two times the original concentration and 

two times plus a known amount of potassium acid phthalate spike were analyzed 

to test for contamination during dilution and accuracy of the procedure. All 

three aliquots (lx, 2x, 2x plus spike) plot linearly in an absorbance versus 

concentration plot. Procedural blanks were tested for potassium introduced by 

water, acids, or containers. No potassium was detected in the blanks. Each 

sample was analyzed a second time as a test of reproducibility, and where 

enough sample remained a second amount was put in solution and tested. 

The microprocessor in the AAS allows the operator to measure directly 

in concentration units given up to three standards by which to calibrate a 

working curve. The user is alerted if values do not plot linearly. All sample 

and calibration curves were linear over the 0.1-1.5 microgram/milliliter range. 

The precision and accuracy with the rock standards were within + 1%, as was 

the agreement with the Teledyne-Isotopes potassium values. 
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Results 

TABLE 5: K-Ar Age Data* 

Sample Isotopic Age Ar-40 rad/gm x 10~5 

sec 
% Ar-40 rad %K 

Etholen Knob 87.9 + 4.4 .311 43.3 .91** 

(hornblende) .330 49.8 .92** 

* from Teledyne Isotopes 

** compares with 0.90 obtained by author at Rice University Laboratory. 
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CONCLUSIONS 

New relationships among the Sierra Blanca Peak intrusives were brought 

to light as a result of detailed mapping. The diorite flanking Sierra Blanca 

was found to extend completely around the western flank of Sierra Blanca 

connecting exposures previously mapped as isolated. In addition, over fifty new 

dikes and sills are documented. While the stratigraphic placement and structural 

relation of the Etholen Conglomerate remains obscure, the 87.9 m.y. age places 

the diorite intrusion on the geological scene at, or just before, the beginning 

of Laramide deformation in West Texas. 

The potassium-40/argon-40 determinations performed by Teledyne Isotopes 

from hornblende phenocrysts are accurate to + 5% based upon repetitive analyses 

on the sample and well-characterized interlaboratory standards. Excess argon-40 

is not likely to be a factor as the diorite must have been quite fluid in order to 

be emplaced in such thin dikes and complete outgassing would be expected. The 

high potassium content, in the upper range of reported hornblende compositions 

(e.g. Reed and Lanphere, 1969) also argues against excess argon. 

Therefore, the contribution of a single crystal potassium-40/argon-40 

isotopic age of 87.9 +4.4 m.y. is significant. This potassium-40/argon-40 age 

was made on a large hornblende phenocryst found in a dike near Etholen Knob 

and is older than any reported isotopic age from the Trans-Pecos Magmatic 

Province. 

Petrographic study indicates that the diorite may be related to similar 

bodies found in the Quitman and Finlay Mountains. Variations in diorite 

mineralogy are not reflected in the more homogeneous rhyolite. The rhyolite 

and rhyolite porphyry are remarkably similar despite outward appearances and 
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were probably emplaced 36 million years ago on the basis of the 36.1 m.y. age 

(Oligocène) reported for a biotite separate from Sierra Blanca Peak. Differences 

between the diorite and rhyolite are probably too great in age and composition 

to reflect single or related source magmas. 

Because drilling has failed to find feeders beneath Round Top, Little 

Round Top, Little Blanca Mountain, and Triple Hill and as the rhyolite dips to 

the southwest beneath Cretaceous limestones at the southern flank of Sierra 

Blanca Peak, the rhyolite intrusions are likely to have their source to the south 

in the nearby Quitman stock. The origin of the diorite is unknown but diorite 

to granodiorite of similar ages are present in New Mexico and portions of 

Arizona and associated with copper porphyry deposits. 
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