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ABSTRACT 

PETROLOGY OF THE SEVEN SPRINGS FORMATION, 

DAVIS MOUNTAINS, TEXAS 

A petrological study was made of the Seven Springs Formation in the 

northeastern Davis Mountains, West Texas. This formation consists of a 

basalt and three ignimbrites, interbedded with air-fall tuffs. The basalt 

is very poor in phenocrysts. The ignimbrites contain only one abundant 

phenocryst type, anorthoclase of composition 0r35-0r40. 

Systematic variations are present in the phenocryst content and aver¬ 

age chemical composition of the ignimbrites. In each successively younger 

ignimbrite the phenocryst content increases, Si02 and total Fe decrease, 

and Na20, 1^0, AI2O3, Th, and U increase. These features can best be ex¬ 

plained by fractionation of alkali feldspar and post-eruptive loss of 

alkalis. It is suggested that a magma of the pantelleritic composition of 

the underlying formation, the Star Mountain Rhyolite, differentiated by 

gravitational settling and resorption of alkali feldspar to form the ignim¬ 

brites of the Seven Springs Formation. 

The igneous rocks of the northeast Davis Mountains are similar in 

composition to the igneous rocks of the area 100 miles to the south, and 

seem to be part of a large igneous province characterized by alkaline rocks 

poor in CaO and MgO. 
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1. 

INTRODUCTION 

A study by Gibbon (1964) showed the Star Mountain Rhyolite (hereafter 

abbreviated SMR), a voluminous Tertiary rhyolite of the northeast Davis 

Mountains and Barrilla Mountains (Fig, 1) of West Texas, to be unusual in 

composition. In contrast to the normal calc-alkaline rhyolites of orogenic 

provences, the SMR was shown to be a pantellerite, with a molecular excess 

of alkalis over AI2O3. The SMR is overlain by a volcanic sequence, the 

Seven Springs Formation, which contains three silicic ignimbrites. This 

study was undertaken to investigate the petrologic relationships between 

these three ignimbrite units and the SMR. Specifically, it was hoped that 

it could be determined if the various units were comagmatic, and if they 

could be related by a simple differentiation mechanism, such as crystal 

fractionation. 



FIGURE I — INDEX MAP 
( AFTER EIFLER, I95l) 



2. 

GEOLOGIC SETTING 

The Cenozoic geologic history of Trans-Pecos Texas is characterized 

by a large amount of igneous activity, both intrusive and extrusive in na¬ 

ture. The Davis Mountains, and their northeastern extension, the Barrilia 

Mountains were produced by this igneous activity. 

The geology of the Barrilla Mountains and the northeast Davis Mountains 

was mapped and described by Eifler (1951). The following description of the 

general geology is abstracted from Eifler, except as noted, A generalized 

section is given in Figure 2. The oldest outcropping rocks in the area are 

Cretaceous, but oil wells have penetrated Permian rocks. Northeast of the 

Barrilla Mountains the Argo Oil Corporation No. 1 Dora Roberts well, Reeves 

County, encountered rocks of Pennsylvanian age. In this well the Permian 

section, consisting of marine limestone, dolomite, shale, and evaporite, is 

approximately 11,500 feet thick. The Triassic rocks which underlie the area 

are nonmarine red and grey shales and sandstones a few hundred feet thick. 

The Jurassic is absent in the area. The Cretaceous section, consisting of 

marine sandstone, shale, marl, and limestone, is about 1,500 feet thick. 

Eifler has divided the Tertiary into three formations. The oldest Ter¬ 

tiary unit, the Huelster formation, consists chiefly of tuff, with a 50 foot 

thick conglomerate member at the base. Interbedded with the tuff are a few 

thin layers of sandstone, conglomerate, lenses of freshwater limestone, and 

occasional lenses of trachydoleritic lava. This formation is about 400 feet 

thick at the type locality in the northwest Barrilla Mountains, but thins to 

the east, 

The Huelster formation is overlain by the SMR. This unit was studied 

extensively by Gibbon (1964) • He showed it to be a sequence of three thick 
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3. 

lava flows, The total thickness of the unit varies from approximately 100 

to 800 feet. The unit covers an area of about 500 sq, mi. 

The Seven Springs Formation, overlying the SMR, consists of a sequence 

of easily eroded air^fall tuffs interbedded with four resistant units, three 

of which are silicic and one of which is basaltic, Eifler described all of 

the resistant units as lava flows, but petrographic examination (this work) 

in light of recent studies of pyroclastic textures (e.g. Ross and Smith, 

1960) has shown these units to be devitrified ignimbrites. Eiflerfs termin¬ 

ology, denoting the oldest tuff member as Tl, the oldest resistant member as 

LI, etc,, will be followed, although MLM no longer necessarily designates a 

lava, 

Tl is about 100 feet thick on the northeast slopes of Star Mountain, 

and is considerably thinner in the Barrilla Mountains. The tuff consists of 

beds of variable thickness and color, and is interbedded with lenses of con¬ 

glomerate. 

LI, the oldest ignimbrite unit, is of somewhat variable thickness. The 

thinnest section of the unit measured by Eifler was 40 feet thick, and the 

thickest section about 80 feet thick. Scott (personal communication) 

measured a section in Limpia Canyon approximately 110 feet thick. A porphy- 

ritic glass of variable thickness is developed locally at the base of the 

flow. The main portion of the flow is devitrified, 

T2 is very similar to Tl. It is approximately 100 feet thick at Star 

Mountain, and thins to the northeast. It consists of beds of variable thick¬ 

ness and color, and contains a few lenses of conglomerate and sandstone, 

L2 is composed of three basaltic lava flows. It is quite variable in 

thickness, reaching 80 feet at some localities. Unlike the ignimbrite units, 
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L2 forms no distinct topographic bench, and appears to be absent in some 

sections. 

T3 is about 140 feet thick at Star Mountain and about 225 feet thick 

several miles to the northeast, and much thinner in the extreme northeast 

part of the Barrilla Mountains, The unit is chiefly white to grey tuff with 

very little interbedded sediment, 

L3 is an ignimbrite unit about 45-65 feet thick, In many localities it 

is the youngest outcropping rock. The overlying units have been eroded off. 

It is almost completely devitrified. 

T4 is about 200 feet thick in the syncline between the Barrilla Moun¬ 

tains and Star Mountain. Elsewhere in the area it has been thinned consider¬ 

ably or removed completely by erosion. It contains a few sedimentary inter¬ 

beds and a welded zone about 5 feet thick near the top. 

L5, the youngest volcanic unit known in the area, is about 40 feet 

thick in the syncline between the Davis Mountains and the Barrilla Mountains. 

A section in Limpia Canyon was measured by Scott (personal communication) to 

be about 180 feet thick. It is likely that the upper portion of the section 

at the former locality has been removed by erosion. 



5. 

SAMPLING 

The ignimbrites and basalts of the Seven Springs Formation were sampled 

primarily in the area of the syncline between the Davis Mountains and the 

Barrilla Mountains. The sampling localities are shown in Figure 3. Al¬ 

though samples were not collected over the entire areal extent of each unit, 

no significant systematic lateral variations in chemical composition or pet¬ 

rographic character were apparent in the area that was sampled. Partial 

chemical analyses of samples collected by Scott from measured positions 

within each unit (Fig. 4) indicate no major systematic chemical variations 

vertically within the units, with the exception of low alkalis and AI2O3 

at the top and bottom of L4, and at the top of LI (Scott, personal communi¬ 

cation) . Samples for this study were collected at random positions within 

each flow, so that any slight vertical inhomogeneities within the units 

were averaged out. It is therefore believed that the samples collected 

adequately represent the average composition of each unit. 



FIGURE 3— SAMPLE LOCALITIES 
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PETROGRAPHY 

The SMR has been described petrographically by Eifler (1951) and 

Gibbon (1964). It is a porphyritic rhyolite, with a trachytic or micro¬ 

graphic groundmass of alkali feldspar laths and interstitial quartz. It 

contains a few per cent anorthoclase phenocrysts, 1-5 mm in size, and a 

minor amount of riebeckite phenocrysts, most of which have been altered. 

The results of petrographic analyses of the ignimbrite units are 

given in Table 1. LI is a porphyritic ignimbrite with a cryptocrystalline 

groundmass consisting chiefly of alkali feldspar, quartz, and abundant very 

fine grains of an opaque mineral. In many samples the shard structure has 

been obscured by devitrification, but some samples, notably sample GAM-47- 

67 from Kuntz Mesa, show the shard structure clearly. Some samples show 

spherulitic devitrification texture. LI contains an average of approxi¬ 

mately 7 per cent anorthoclase phenocrysts. The composition of the pheno¬ 

crysts was determined by x-ray diffraction using the 201 method of Orville 

(1958). The diffraction peak was quite broad, indicating that the feldspar 

is variable in composition, but the position of the maximum x-ray intensity 

indicated an average composition of about 0r40. The rock also contains 

about 1 per cent mafic micro-phenocrysts, most of which have been completely 

altered. Occasional unaltered phenocrysts of riebeckite are present in 

some samples, notably GAM-19-67 and GAM-28-67. 

The groundmass of L2 is trachitic in texture, consisting of subparallel 

plagioclase laths, ophitic alkali feldspar, and microlites of augite and ore 

minerals. The rock contains a few small phenocrysts of labradorite (Eifler, 

1951). 



TABLE I 

Modal Analysis* of Ignimbrites 

Sample Groundmass 
Alkali Feldspar 

Phenocrysts 
Mafic 

Phenocrysts Vesicles 

Ll 
GAM-12 82.4 6.0 i.i 7.1 
GAM-15 75.8 10.5 0.6 10.8 
GAM-30 77.1 7.1 0.5 13.4 
GAM-38 80.0 4.6 1.6 3.8 
GAM-14 82.4 6.0 1.1 7.1 
GAM-19 88.7 4.3 2.1 5.0 
GAM-28 85.6 9.1 1.5 3.9 
Ll Average 80.8 6.7 1.0 8.9 

L3 
GAM-4 86.6 11.2 2.2 
GAM-7 76.1 23.2 0.7 — 
GAM-10 89.7 9.0 1.3 — 

GAM-16 91.8 7.1 1.1 — 

GAM-24 91.1 8.2 0.7 — 
GAM-25 85.2 13.9 0.9 — 

GAM-34 87.2 12.1 0.7 — 
GAM-35 87.6 12.0 0.4 — 

GAM-39 87.0 12.1 0.9 — 
GAM-40 85.7 13.9 . 0.4 — 
L3 Average 86.7 12.3 0.8 

L4 
GAM-1 72.8 24.3 2.9 — 

GAM-2 72.3 25.1 2.6 — • 

GAM-3 74.4 24.2 1.4 - 
GAM-8 78.8 19.8 1.5 — 

GAM-9 64.5 33.6 1.9 - 
GAM-17 72.4 24.9 0.9 - 
GAM-22 75.5 23.0 1.5 — 
GAM-27 69.4 28.9 1.7 - 

L4 Average 72.4 25.6 1.8 - 

*1000 points per sample 

LI L3 L4 
Composition of alkali 
feldspar phenocrysts 0r40 Or35 
(determined by x-ray 
diffraction) 

0r35 



7. 

The groundmass of L3 is somewhat more coarsely crystalline than that 

of LI. It consists chiefly of quartz, alkali feldspar, and a finely dis¬ 

seminated opaque mineral. The shard structure has been almost completely 

obscured by devitrification, with only occasional faint shard outlines re¬ 

maining. The rock contains an average of about 12 per cent anorthoclase 

phenocrysts. The average composition of these, as determined by x-ray 

diffraction is approximately 0r35, but a broad diffraction peak indicated 

somewhat variable composition. The unit contains about 1 per cent altered 

mafic phenocrysts. 

L4 is more coarsely crystalline than L3. The groundmass consists of 

alkali feldspar, quartz, and minor amounts of an opaque mineral. It is 

completely devitrified, and shard structure is completely obscured. L4 

contains an average of about 25 per cent anorthoclase phenocrysts, some of 

which are quite strongly zoned. The average composition, as determined by 

x-ray diffraction, is approximately 0r35, but a broad diffraction peak 

reflects the inhomogeneous composition. L4 contains about 2 per cent al¬ 

tered mafic phenocrysts. 

Several important points should be noted concerning the petrographic 

nature and field relationships of the silicic volcanic rocks of this area. 

1) There is only one feldspar present as phenocrysts in these rocks, a 

sodic alkali feldspar. The only recognizable mafic phenocryst in the rocks 

is riebeckite. These features reflect the sodic character of the rocks. 

2) Early in the period of volcanic activity a voluminous sequence of rhyo¬ 

lite flows, the SMR, was erupted. This rhyolite covered an area of about 

500 square miles, in thicknesses up to 800 feet (Gibbon, 1964). 3) Following 
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the eruption of the SMR, three siliceous ignimbrites and a basalt flow 

erupted alternately with air fall tuffs. Although these ignimbrites may 

have been nearly as extensive as the SMR, they are all much thinner, and 

their combined volume is probably less than that of the SMR. Each succes¬ 

sively younger ignimbrite contains a higher proportion of phenocrysts and 

has a more coarsely crystalline groundmass than the ignimbrites which 

underlie it. 



9. 

CHEMICAL COMPOSITION 

Thirty samples were partially or completely analyzed, using techniques 

described in the Appendix. The analyzed rocks include 7 samples of LI, 6 

samples of L2, 9 samples of L3, and 8 samples of L4. The results of the 

chemical analyses are given in Table 2, and histograms of the oxide abun¬ 

dances of the ignimbrite units are presented in Figure 5. These data show 

that significant differences in concentration of most of the major and many 

of the minor constituents are present from one unit to another. There is 

no significant difference, however, in the K^O content of L3 and L4, in 

the Ti02 content of LI, L3, and L4, and in the MgO content of LI and L3. 

The CaO content of LI is so variable that an average has little meaning. 

Average compositions for L, L2, L3, L4, and the SMR are given in 

Table 3. The average for LI does not include samples GAM-14-67, GAM-19-67, 

and GAM-28-67, which are chemically and petrographically different from the 

other samples of this flow. GAM-14-67 contains numerous round inclusions 

of quartzite, is not completely devitrified, and yet shows no suggestion 

of shard structure. In GAM-19-67 and GAM-28-67 an opaque mineral is con¬ 

centrated at the margins of devitrified shards, and the groundmass contains 

abundant unaltered grains of riebeckite. 

The average compositions for L2, L3, and L4 include all samples collec¬ 

ted and analyzed. The composition of the SMR in Table 3 is the average of 

about 30 analyses of Gibbon (1963). 

These averages have been recalculated as volatile free and are listed 

in weight per cent in Table 4, and in molecular per cent in Table 5. The 

error limits in Table 5 are standard errors, S£=S/lfn, where S is the standard 



TABLE 2 

Chemical Composition* of Ignimbrites and Basalts 

LI 

GAM-12 GAM-15 GAM-30 
Si02 71.4 71.8 71.6 
AI2O3 11.6 11.0 10.8 

Total Fe** 6.83 6.76 6.65 
MgO 0.13 0.13 0.11 

CaO 0.16 0.00 0.52 
Na20 3.55 3.23 3.55 
K26 4.87 4.69 4.42 

Ti02 0.49 0.51 0.48 
MnO 0.06 0.11 0.11 

H2O 1.43 2.27 1.72 
Total 100.5 100.5 99.96 

Th (ppm) • 19.4 21.0 — 

U (ppm) 2.7 2.4 — 

GAM-38 GAM-14 GAM-19 
Si02 74.5 75.3 76.0 
AI2O3 11.0 11.6 9.7 
Total Fe** 6.06 4.87 6.34 
MgO 0.08 0.07 - 

CaO 0.00 0.10 0.59 
Na20 3.41 4.15 3.04 
K20 4.41 4.36 4.50 

Ti02 0.50 0.41 0.44 
MnO 0.09 0.09 0.05 
H20 1.31 - - 

Total 101.4 

Th (ppm) — - - 

U (ppm) — — 

GAM-28 

Si02 77.3 
AI2O3 9.6 
Total Fe** 6.28 
MgO 0.10 

CaO 0.04 
Na20 3.18 
K2O 4.29 

Ti02 
0.44 

MnO 0.05 
H20 0.74 
Total 102.0 

Th (ppm) 21.4 
U (ppm) 1.8 

* in weight per cent oxide 
** as Fe203 



TABLE 2 (Continued) 

L2 

Si02 

GAM-11 
50.4 

GAM-13 
52.9 

GAM-32 
47.9 

AI2O3 14.9 13.2 14.4 
Total Fe* ** 12.5 12.6 13.2 
MgO 2.86 1.75 2.64 
CaO 8.39 7.39 9.52 
Na20 3.96 4.01 3.41 
K20 2.33 2.30 2.91 
Ti02 3.41 3.44 3.64 
MnO 0.3 0.15 0.3 
H20 2.09 1.51 2.27 
Total 101.2 99.3 100.2 

Th (ppm) 3.2 — 3.4 
U (ppm) 0.8 - 0.9 

Si02 

GAM-46 GAM-51 GAM-55 

AI2O3 - - - 

Total Fe** 12.8 12.9 12.7 
MgO - 3.00 2.70 
CaO 9.76 8.72 9.10 
Na20 - 3.43 ' . 3.50 
K20 2.71 2.69 2.21 

Ti02 3.57 3.27 3.57 
MnO - 0.19 0.15 
H2O - - - 
Total — — — 

Th (ppm) — — — 

U (ppm) - - - 

* in weight per cent oxide 
** as Fe203 



TABLE 2 (Continued) 

L3 

GAM-4 GAM-7 GAM-10 
Si02 71.7 70.6 70.6 

AI2O3 
14.4 14.4 14.6 

Total Fe** 3.85 3.97 3.93 
MgO - 0.09 0.09 
CaO 0.17 0.25 0.28 
Na20 4.42 4.42 4.47 
K2O 5.50 5.51 5.65 

Ti02 0.53 0.54 0.53 
MnO 0.08 0.05 0.04 
H2O 0.17 0.73 - 

Total - 100.6 - 

Th (ppm) 28.3 31.2 _ 

U (ppm) 4.6 5.4 - 

GAM-16 GAM-24 GAM-25 
Si02 70.0 72.5 71.5 
Al203 14.6 13.8 13.8 
Total Fe** 3.86 3.68 3.80 
MgO 0.09 0.10 0.09 
CaO 0.21 0.24 0.14 
Na20 4.38 4.19 4.37 
K2O 5.52 5.24 5.44 
Ti02 0.52 0.50 0.51 
MnO 0.06 0.04 ' 0.05 
H20 - - 0.57 
Total — — 100.3 

Th (ppm) — - - 

U (ppm) - — — 

GAM-34 GAM-35 GAM-39 
Si02 71.5 71.5 71.1 

AI2O3 14.1 14.1 14.1 

Total Fe** 3.98 3.91 4.01 

MgO 0.08 0.08 0.09 

CaO 0.14 0.12 0.14 

Na20 4.38 4.51 4.33 

K20 5.44 5.45 5.41 

Ti02 0.56 0.52 0.53 

MnO 0.05 0.06 0.05 

H20 - 0.78 0.55 

Total - 101.0 100.3 

Th (ppm) - - 28.8 

U (ppm) - - 5.2 



TABLE 2 (Continued) 

L4 

GAM-1 GAM-2 GAM-3 
Si02 71.9 68.8 68.8 
A1203 14.1 15.4 15.4 
Total Fe** 3.22 3.28 3.35 
MgO 0.16 0.21 0.22 
CaO 0.30 0.29 0.40 
Na20 4.51 4.88 4.88 
K20 5.08 5.57 5.45 
Ti02 0.47 0.50 0.53 
MnO 0.07 0.08 0.07 
H20 0.93 0.66 - 

Total 100.7 99.8 - 

Th (ppm) 40.8 44.7 39.4 
U (ppm) 7.2 7.3 6.7 

GAM-8 GAM-9 GAM-17 
Si02 68.0 67.8 68.4 
Al203 15.6 16.2 - 

Total Fe** 3.30 3.55 3.63 
MgO 0.22 0.24 0.18 
CaO 0.43 0.45 0.27 
Na20 4.93 5.07 4.97 
K2O 5.44 5.63 5.46 
Ti02 0.49 0.53 0.57 
MnO 0.09 0.10 0.07 
H20 0.68 - - 
Total 99.9 — — 

Th (ppm) - - - 

U (ppm) — — — 

GAM-22 GAM-27 

Si02 70.0 69.2 
AI2O3 15.2 15.6 
Total Fe** 3.30 3.31 
MgO 0.26 0.21 

CaO 0.42 0.33 

Na20 4.84 4.88 
K20 5.39 5.47 
Ti02 0.49 0.53 
MnO 0.07 0.07 
H2O - 1.03 
Total — 100.6 

Th (ppm) - 43.2 

U (ppm) - 6.1 



FIGURE 5 
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FIGURE 5 (CONTINUED) 
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TABLE 3 

Average Composition* of LI, L3, L4, SMR, and L2 

LI L3 L4 SMR L2 

Si02 72.3 71.2 61.9 70.0 50.2 

AI2O3 11.0 14.2 15.4 12.1 14.3 

Total Fe** 6.57 3.89 3.37 5.89 12.8 

MgO 0.11 0.09 0.21 0.24 2.58 

CaO 0.17 0.19 0.36 0.26 8.81 

Na20 3.43 4.39 4.87 4.73 3.67 

K2O 4.60 5.47 5.44 5.26 2,52 

Ti02 0.49 0.53 0.51 - 3.48 

MnO 0.09 0.05 0.08 - 0.11 

H2O 1.7 0.6 0.8 - 1.9 

Total 100.5 100.6 100.1 - 100.4 

Th (ppm) 20 29 42 - 3.3 

U (ppm) 2.5 5.1 6.8 - 0.8 

in weight per cent 

** as Fe203 



TABLE 4 

Average Chamical Composition of Ignimbrites and SMR 

recalculated to 100 weight per cent volatile free 

LI L3 L4 SMR 

Si02 73.2 71.2 69.4 71.0 

M203 11.1 14.2 15.5 12.3 

Total Fe* 6; 62 3.89 3.92 5.98 

HgO 0.11 0.09 0.21 0.24 

CaO 0.17 0.19 0.36 0.36 

Na20 3.47 4.39 4.90 4.80 

K20 4.66 5.47 5.48 5.34 

Ti02 0.49 0.53 0.51 - 

MnO 0.09 0.05 0.08 — 

* as Fe203 



TABLE 5 

Average Composition* of Ignimbrites and SMR 

Si02 81.9+0.8 79.5+0.1 77.8±0.6 79.3 

A1
2°3 7.34+0.19 .9.35+0.07 10.2+0.2 8.08 

Total Fe** 2.80±0.07 1.63+0.01 1.43+0.03 2.51 

MgO 0.19±0.02 0.15+0.003 0.35±0.02 0.40 

CaO 0.21+0.16 0.23+0.02 0.43+0.04 0.32 

Na20 3.76+0.08 4.7510.04 5.32l0.05 5.19 

K2O 3.32+0.08 3.90+0.03 3.91+0.04 3.80 

Ti02 0.42±0.01 0.45+0.01 0.43+0.01 - 

MnO 0.09t0.01 0.05+0.01 0.08j;0.004 - 

* in molecular per cent oxide; error limits explained in text 

** as Fe2C>3 
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deviation of a single sample and n is the number of samples. 

Several features of the chemical composition of these rocks are unusual. 

In the silicic rocks CaO and MgO are very low compared to their abundance 

in normal calc-alkaline rhyolites (Turner and Verhoogen. 1960). AI2O3 is 

low and Fe203 is very high, especially in LI and the SMR. The alkalis are 

high, especially in the SMR. Th and U are high, and increase in abundance 

in each successively younger ignimbrite. In comparison with calc-alkaline 

basalts of similar silica content (Turner and Verhoogen, 1960). MgO. CaO. 

and AI2O3 of L2 are low, and Fe203 is high. 



11. 

RELATIONSHIP OF THE MAGMAS 

Because of their petrographic similarity, their close spatial and 

temporal association, and certain regular differences in their chemical 

composition, it seems auite likely that the three ignimbrite units are 

comagmatic. If this is the case, then the regular changes in the phenocryst 

content and the nature of the groundmass would seem to indicate either suc¬ 

cessive tapping of a continuously evolving magma chamber, or eruption of 

magmas from different portions of an inhomogeneous magma chamber. 

Figure 6 is a substraction diagram on which is plotted the average con¬ 

centration of several of the oxides (in molecular per cent) against molecu¬ 

lar per cent AI2O3 for LI, L3. L4, and the SMR. The best line that can be 

fitted to the 3 ignimbrite points for each oxide is shown. The variation 

lines for Si02, Fe2C>3, and K2O very nearly intersect the points marking the 

concentration of these oxides in alkali feldspar of composition 0r35. The 

lines for Na20. and consequently total alkalis pass below the points marking 

Na20 and alkali content of the alkali feldspar. 

CaO, MgO, MnO, and Ti02 are not plotted in Figure 6. These elements 

are present in very low concentrations that may be strongly dependent on 

the phenocryst content of the rock. For example, the concentration of MgO 

tends to vary sympathetically with the abundance of altered mafic phenocrysts. 

In Figure 7 it can be seen that L, and L3 do not differ significantly in 

their MgO concentration or their mafic phenocryst content, while L4 has both 

higher mafic phenocryst content and higher MgO concentration than LI and L3. 

Thus fluctuations in phenocryst content are the probable cause of variations 

in MgO concentration. 
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Figure 6 strongly suggests differentiation by fractionation of alkali 

feldspar. This could occur in three ways: 1) removal of feldspar from an 

initial magma similar in composition to L4 2) assimilation or resorption 

of feldspar by an initial magma similar in composition to LI 3) removal 

of feldspar from an intermediate initial magma in one portion of a magma 

chamber. producing the less aluminous magmas, and resorption of feldspar 

in another part of the magma chamber, producing the more aluminous magmas. 

There are two perhaps related problems with the proposed mechanism of 

differentiation by fractionation of alkali feldspar. 1) Concentrations of 

Na20, and therefore of the total alkalis. for the ignimbrites are too low. 

Hence, feldspar fractionation cannot be the only mechanism by which these 

magmas are related. If it were, the Na2<) line would necessarily intersect 

the feldspar N&2O point. 2) The Na£0 point of the SMI falls above the 

Na20 line, and consequently the SMR total alkali point falls above the 

total alkali line. Also, the Si02 point of the SMR falls below the Si02 

line. Therefore, the SMR cannot be related to the ignimbrites by feldspar 

fractionation alone. 

The SMR has a molecular excess of alkalis over AI2O3 (Table 6), high 

total Fe, and low CaO and MgO, and is therefore classified as a panteller- 

ite. Bailey and Shairer (1966), working with the system Na20-Al203-Fe203~ 

Si02 have demonstrated the existence of two silica-oversaturated eutectics, 

one peralkaline and the other peraluminous. with a "thermal divide" between 

them. They suggest that pantellerites are rocks trending toward the natural 

peralkaline eutectic, while the calc—alkaline rhyolites have a composition 

quite close to the peraluminous eutectic. 
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In contrast to the SMR, the ignimbrites are peraluminous. (Table 6). 

The existence of a thermal barrier between the peralkaline and peralumin¬ 

ous eutectics makes it difficult to relate the SMR and the ignimbrites by 

a simple crystal fractionation mechanism. 

At least two additional mechanisms could be postulated to relate these 

magmas. In addition to the process of feldspar fractionation, which Figure 

6 suggests was occurring in the magma chamber, it is possible that trans¬ 

fer of Na20 by some unknown mechanism was also occurring, enriching the 

first magma to be erupted, the SMR, in Na20, and depleting the remaining 

magma. It is generally believed that alkalis are capable of being trans¬ 

ferred by volatile components, and would therefore tend to become enriched 

in the volatile-rich portion of a magma. Gibbon (1964) concluded that the 

SMR was erupted under conditions of relatively low volatile concentration. 

Because of the explosive nature of their eruption, ignimbrites, however, 

are generally believed to have had relatively high volatile contents. For 

this reason, it seems unlikely that nvolatile transfer11 could cause a de¬ 

pletion of Na20 in the ignimbrites relative to the SMR. 

An alternative explanation may be the post-eruptive loss of Na20 from 

the ignimbrites. Noble (1965, 1967) has demonstrated that peralkaline rocks 

lose Na20 during or shortly after crystallization. A densely welded devitri- 

fied ash-flow tuff of the Gold Flat Member, Thirsty Canyon Tuff, was shown 

to contain only about 3/4 of the amount of Na20 contained in a glassy portion 

of the same tuff (Noble, 1965). Presumably the excess alkalis, which can¬ 

not be incorporated into.feldspar, form soluble phases which are easily re¬ 

moved by groundwater. 



TABLE 6 

Alkali/Alumia Ratios 

Na20+K20 
Molecular AI2O3 

Na2CH-K20+Ca0 
Molecular AI2O3 

LI 0.96±0.03 0.99+0.05 

L3 0.93±0.01 0.95±0.01 

L4 0.90±0.02 0.93±0.02 

SMR 1.11 1.15 
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It is possible that the ignimbrite units LI, L3, and L4 were origin¬ 

ally more sodic, and upon devitrification lost all their soluble Na20 to 

the groundwater, which could readily percolate through the relatively thin 

units. The SMR, being much thicker and more massive, is probably much more 

resistant to groundwater leaching, and therefore is able to retain its 

excess alkalis. 

AI2O3 in LI, L3, and L4 is not in excess over CaO plus alkalis (Table 

6). It is probable that the feldspar contains nearly all the calcium in 

these rocks. If this is the case, the ignimbrites originally could have 

been peralkaline. If they subsequently lost all the alkalis not contained 

in the feldspars, their present peraluminous composition would result. 

Assuming a loss from the ignimbrites of 1.1 molecular per cent Na20, 

the amount required to bring the Na20 line of Figure 6 up to the SMR Na20 

point, the postulated original relationship between the four magmas has 

been calculated and is shown in Figure 8. In this diagram all lines come 

reasonably close to the respective feldspar points, and the hypothetical 

magmas can be related by simple fractionation of alkali feldspar. Although 

no examples of peralkaline lavas which have lost all their excess alkalis 

upon devitrification were found in the literature, this mechanism seems to 

be the best available to explain the low alkali content of the ignimbrites. 

A third alternative is that the ignimbrites and the SMR were not erup¬ 

ted from the same magma chamber, and their petrogenetic relationship is 

indirect. Because of their close spatial and temporal relationship, and 

their chemical and petrographic similarity, this alternative does not seem 

as attractive as those discussed above. 

1 
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If the four units are related by fractionation of anorthoclase and 

loss of alkali from the ignimbrites it is plausable that a magma similar 

in composition to the SMR was the immediate parent magma of the series. 

The SMR is perhaps the best candidate for parent magma because it is the 

earliest and most voluminous of the four units, and is relatively poor in 

phenocrysts. The SMR may have been erupted shortly after the formation 

of its magma, before any significant differentiation had taken place in 

its magma chamber. Subsequently feldspar may have crystallized in the 

cooler upper regions of the chamber. This feldspar may have settled into 

the warmer lower regions and may have been resorbed. 

Lipman. Christiansen, and O’Connor (1966) describe a compositionally 

zoned ash-flow sheet whose upper portion is more phenocryst-rich and less 

differentiated than its lower portion. They attribute this feature to the 

eruption of successively lower, warmer, and more basic portions of the 

magma column. The same general characteristics are observed in the ignim- 

brite sequence of the Davis Mountains. Each successive eruption tapped 

magma which was more crystal-rich, closer to anorthoclase in composition, 

and perhaps occupied a lower position in the magma chamber than the previous 

magma erupted. 

Calculation of the amount of crystallization or resorption and crystal 

settling required to form the ignimbrite units from an initial magma of the 

composition of the SMR is straightforward. The phenocryst content, expres¬ 

sed in units of volume per cent, was converted to units of molecular per 

cent to facilitate calculation. The formation of a rock of the composition 

and phenocryst content of LI from 100 moles of liquid of the composition of 
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the SMR requires the crystallization of about 16 moles and subsequent re¬ 

moval of about 10 moles of anorthoclase phenocrysts. The formation of a 

rock of the composition and phenocryst content of L4 from 100 moles of a 

liquid of the composition of the SMR requires the addition of about 75 

moles, and subsequent resorption of 30 moles of anorthoclase phenocrysts. 

The capacity of a magma to differentiate by crystal settling and sub¬ 

sequent resorption is limited by the ability.of crystals to gravitationally 

settle through the magma, and by the ability of the magma in the lower part 

of the magma chamber to resorb these phenocrysts. Using a value of 10^ 

poises for the viscosity of rhyolitic magma at 860°C and about 600 bars 

water pressure. Lipman, et. al. (1966) have calculated the Stokes settling 

velocity of 1mm alkali feldspar phenocrysts in a magma of density 2.2 gm/cc. 

The resulting settling velocity is about 9000 feet in 100,000 years. Be¬ 

cause there are no quartz phenocrysts present, the magma from which the 

Seven Springs ignimbrites were formed was not yet precipitating quartz. 

The magma studied by Lipman et. al. was precipitating both feldspar and 

quartz at 860°C, the temperature at which thev calculated the viscosity. 

It is likely then that the magma from which the Seven Springs ignimbrites 

were formed was at a temperature somewhat higher than 860°C, and consequent¬ 

ly had a lower viscosity.than that assumed in the calculations above. There' 

fore the crystal settling velocity would be higher than 9000 feet in 100,000 

years, a figure which seems compatible with differentiation by crystal set¬ 

tling (Lipman et. al., 1966). 

It can be shown that the heat removed from the magma by resorption of 

feldspar to form L4 is only a small portion of the heat flowing through the 
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magma due to normal continental heat flow. During its formation from a 

magma of the composition of the SMR, one mole of L4 would have resorbed 

0.18 moles of feldspar. The heat of fusion of alkali feldspar is approxi¬ 

mately 14 Kcal/mole (Robie and Waldbaum. 1968). Thus the heat required to 

resorb 0.18 moles of feldspar, forming 1 mole of L4, is 2.5X10^ cal. It 

is not unreasonable to assume that the areal extent of the magma chamber 

is 1/10 the areal extent of the ignimbrite on the surface. Therefore the 

magma which formed L4 was approximately ten times thicker than the present 

thickness of L4. This magma would have occupied a layer 500 feet thick, 

or about 1.5X10^cm thick in the magma chamber. Assuming that the molecular 

weight of the magma was the same as that of alkali feldspar. 270gm/mole, 

and that the density of the magma was 2.2gm/cc, it can be calculated that 

the volume of one mole of magma would have been 1.2X10^ cc. A column of 

one mole of magma 1.5X10^cm high would then have a cross-sectional area of 

8X10~3cm2# Using the value of the average continental heat flow, 1.4X10“^ 

cal cm”^sec“^ (Mason, 1966) or 45 cal cm“2yr“l, it follows that the heat 

flowing into the one mole column of magma is about 3.6XlCT^cal cm~2yr“^. 

Hence enough heat would flow into the magma chamber to resorb sufficient 

feldspar for the formation of L4 in about 7000 years. Although many of the 

numbers used in this calculation are approximations, it is clear that dur¬ 

ing the interval of time in which differentiation must have taken place 

(a period of at least several tens of thousands of years, and possibly sev¬ 

eral hundreds of thousands of years) the heat of fusion of the resorbed 

phenocrysts was small compared with the heat passing through the magma cham¬ 

ber due to normal heat flow. Hence formation of the ignimbrites from an 
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initial magma of the composition of the SMR by a mechanism of crystal set¬ 

tling and resorption seems quite reasonable. 

Alternatively, the differentiation mechanism could have been removal 

of anorthoclase from an initial magma similar in composition to L4 by some 

mechanism such as filter pressing or settling of crystals to an untapped 

portion of the magma chamber. Formation of LI from 100 moles of such a 

magma requires the removal of about 50 moles of anorthoclase. It is diffi¬ 

cult to reasonably explain the early and voluminous eruption of the SMR by 

this differentiation mechanism, unless the SMR was not comagmatic with the 

ignimbrites, and is therefore only indirectly related to them. This 

hypothesis was shown above to be unsatisfactory. 

Uranium and thorium concentrations in LI, L3, and L4 are fairly high 

(Table 3), and tend to increase markedly in each successive eruption. 

Ewart, et. al., (1968) have studied the trace element geochemistry of a 

suite of pantellerites of Mayor Island, New Zealand. They observed a strong 

enrichment of many trace elements, including U and Th, in the pantellerites, 

relative to calc-alkaline rhyolites, and a progressive enrichment of these 

elements with increasing differentiation within the sequence. Hence these 

elements are enriched in the residual liquid of the crystal liquid system. 

In the ignimbrites of the northeast Davis Mountains the enrichment of U and 

Th relative to average calc-alkaline rhyolites (Ewart et. al.. 1968) is less 

extreme than in the Mayor Island pantellerites. If the ignimbrites are re¬ 

lated by fractionation of feldspar, as suggested by Figure 6. LI is the 

rock from which the largest amount of feldspar has been removed, and is 

therefore the most strongly differentiated unit. Yet it has the lowest 



19. 

concentration of U and Th. This is the opposite of the trend seen in the 

Mayor Island pantellerites. This apparently anomalous behavior of the 

radioactive elements remains unexplained. 
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REGIONAL RELATIONSHIPS 

Lonsdale (1940) and Goldich and Elms (1949) have studied the geology 

of areas about 100 miles south of the Barrilla Mountains. In Figure 9 

data for the rocks of the Barrilla Mountains are plotted on the variation 

diagram for the rocks of the area 100 miles to the south (Goldich and Elms, 

1949, Fig. 5). The most striking feature of this variation diagram is the 

early depletion of MgO and CaO. At 50 per cent Si02 the MgO curve has fal¬ 

len to about 3 per cent, and the CaO curve has fallen to about 6 per cent. 

The rocks of the Barrilla Mountains, including the basalt, L2, fall on or 

near the curves of the variation diagram for most elements. Thus they are 

a part of a larger igneous provence characterized by early depletion of 

MgO and CaO, and a silicic residuum rich in alkalis. 
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CONCLUSIONS 

Although no completely unambiguous solution to the problem of the 

relationship of the ignimbrites of the Seven Springs Formation to each 

other and to the SMR has .been found, the mechanism of fractional crystalli¬ 

zation of anorthoclase coupled with leaching of excess alkalis from the 

ignimbrites best explains the observed characteristics of these volcanic 

rocks. Fractional crystallization of anorthoclase explains the systematic 

variation in phenocryst content of the different units, as well as the 

general features of the subtraction diagram (Figure 6). 

Post-eruptive leaching of excess alkalis explains the lack of a linear 

relationship for the Na20 values between the ignimbrites and anorthoclase 

in Figure 6. It also explains how the ignimbrites, which are not now per- 

alkaline, could be related to the peralkaline SMR by fractional crystalli¬ 

zation, without the necessity of crossing the thermal barrier between per¬ 

alkaline and peraluminous compositions. 

From consideration of volume, stratigraphic relations, chemical com¬ 

position, and phenocryst content, it is hypothesized that a magma of the 

composition of the SMR differentiated to form the various ignimbrites of 

the overlying Seven Springs Formation. 
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APPENDIX 

ANALYTICAL TECHNIQUES 

Chemical analyses were performed using x-ray fluorescence, atomic 

absorption flame photometry, and gamma-ray spectrometry. SiC^. Fe203, 

CaO, TiC>2, and K2O were determined using a General Electric XRD-5 x-ray 

spectrograph equipped with a He-tunnel, PET and LiF crystals, and W and Cr 

x-ray tubes. Pellets of finely ground undiluted rock powder were analyzed 

using the methods of Condie (unpublished manuscript) and Volborth (1963). 

Calibration curves were prepared using the rock standards indicated in 

Table 7. 

AI2O3, Na20, MnO, and MgO were determined using a Perkin-Elmer Model 

214 atomic absorption unit, using air-acetylene or ^O-acetylene flames. 

Calibration curves were prepared using the rock standards indicated in 

Table 7. The samples were dissolved using a standard HF-HNO3 opening, and 

diluted until the elements to be determined were at the optimum concentra¬ 

tion levels given in the Perkin-Elmer manual. The standard rocks were 

diluted to the same concentration (ppm total rock) as the samples for the 

determination of MnO and Na20. Due to the low amounts of AI2O3 and MgO in 

the ignimbrites it was necessary to further dilute some of the standard 

rock solutions to construct calibration curves for these oxides. 

U and Th were determined by gamma-ray spectrometry. This technique 

is discussed by Adams (1964)« and Heier and Rogers (1963). The samples 

were counted for sufficient time to limit counting errors to less than 5 

per cent. 

H2O was determined on selected samples using the method of Shapiro and 
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Brannock (1962). 

Replicate analyses were made on selected standard rocks to determine 

precision, and these and other standard rocks were analyzed to evaluate 

accuracy. The precision, reported in Table 7 as weight per cent oxide, is 

the standard deviation, S =]/ld^ , of a single determination from the arith- 
JCn=D 

metic mean of several determinations, where d is the deviation of a single 

determination from the mean, and n is the number of replicate determinations 

Accuracy is reported (Table 7) as the standard deviation, S =]/2d^ , of 

K n-1) 
the calculated oxide concentrations from the recommended values for the stan 

dard rocks, where d is the difference between the value of the oxide deter¬ 

mined from the calibration curve and the recommended value, and n is the 

number of standard rocks used. This method of determining the accuracy is 

not completely valid, because the calibration curves were prepared using 

the standards themselves. The values reported in Table 7 are, however, 

reasonable indicators of the actual accuracy of the analyses. 
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