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ABSTRACT; 

Samples of the Valley Spring gneiss and 

Packsaddle schist were taken along two profiles 

in northern and south-eastern Llano County, Texas. 

These samples were analyzed for the major oxides, 

thorium, and uranium. A comparison of the Valley 

Spring gneiss and Packsaddle schist analyses with 

analyses of other rock types indicated: 1) the 

parent rock of the Valley Spring gneiss could 

have been granitic or arkosic material: 2) 

handed amphibolites of the Packsaddle schist 

were originally mafic tuffs mixed with calcareous 

sediments;, and 3) the parent rocks of the non- 

banded amphibolites of the Packsaddle schist 

were iron-rich basaltic material, probably 

tholeiitic• 
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INTRODUCTION 

The origin* of certain members of the Valley 

Spring gneiss and Packsaddle schist is the subject 

of considerable debate. The parent rock of the 

amphibolitic members of the Packsaddle schist is 

particularly enigmatic, whereas the Valley Spring 

gneiss has been considered both meta-igneous and 

meta-sedimentary. Field and petrographic studies 

have commonly been inconclusive as to the origin 

of these Precambrian rocks. The present investiga¬ 

tion was initiated in an attempt to elucidate the 

pre-metamorphic rock types of the Packsaddle schist 

and Valley Spring gneiss by consideration of their 

chemical composition. 

Samples were collected along two profiles 

(Fig. 1) through the upper portion of the Valley 

Spring gneiss and the lower portion of the 

Packsaddle schist. These samples were analyzed 

for the major oxides, thorium, and uranium. The 

identification of the parent rocks of the Valley 

Spring gneiss and Packsaddle schist was attempted 

by means. of comparing their present chemical 

* The term "origin"4 as used in this paper refers 
to the pre-metamorphic rock types* 
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composition with that of various unmetamorphosed 

rock types from other areas. Such a procedure 

has been applied in areas not apparently affected 

by regional metasomatism (Taylor, 1955; Evans and 

Leake, I960; Ohinner I960). 

GEOLOGIC SETTING AND PREVIOUS WORK 

The Llano Uplift is a structural dome and 

a topographic basin, with a core of tightly 

folded and extensively intruded Precambrian 

metamorphic rocks. 

Paige (1911* 1912) mapped the Llano-Buraet 

quadrangle and considered the quartzo-feldspathic 

Valley Spring gneiss meta-sedimentary and older 

than the Packsaddle schist. Stenzel (1955) 

concluded that the Valley Spring gneiss was 

meta-igneous and intrusive into the Packsaddle 

schist. Thames (1951) describes the following 

petrographic features within the Valley Spring 

gneiss: 1) grains of plagioclase showing 

sub-rounded, altered cores with relatively 

unaltered overgrowths and, 2) poikiloblastic 

microcline with inclusions of myrmekite and 
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sub-rounded quartz. These petrographic charac¬ 

teristics suggest a sedimentary origin for 

that portion of the Valley Spring gneiss 

investigated by Thames. 

The Packsaddle schist is a complex sequence 

of marbles, graphite schists, leptites, mica 

schists, and amphibolites. This formation is 

commonly considered meta-sedimentary, with the 

possible exception of the amphibolitic members 

(Clabaugh, 1958; Doyle, 1957; Lidiak, et al, 

1961). 
The preponderance of evidence indicates 

that the metamorphic rocks of the Llano Uplift 

formed under the temperature and pressure 

conditions of the almandine amphibolite facies 

(Lidiak, et al, 1961; Doyle, 1957). 

With the exception of four incomplete 

chemical analyses of the Packsaddle schist by 

Lidiak, et al (1961) and a few random analyses 

of the Valley Spring gneiss, the present study 

represents the only geochemical investigation 

of these rocks known to be reported in the 

literature. 
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Profiles were sampled in two localities 

(Pig. 1), the Little Llano River profile in 

northern Llano County and the Honey Creek 

profile in southeastern Llano County, Texas* 

The Little Llano River area is ten miles 

north of Llano, Texas and was mapped and 

described in detail by Lidiak, et al (1961) 

(Pig* 2). The Honey Creek profile is located 

approximately 25 air miles southeast of the 

Little Llano River profile (Pig. 5) and has 

been partially mapped by Barnes (1946)* 

METHOD OF INVESTIGATION 

Sampling 

A total of 42 samples was taken along the 

two profiles* Selection of sampling sites was 

based upon the following criteria: 1) a sample 

was taken at each visible change in lithology 

or; 2) if the unit appeared homogenous throughout 

a thick section, samples were taken every 200-250 

feet* Samples were taken as normal to strike 

as field conditions would permit* 
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Chemical Analysis 

The results of the chemical analyses (in 

weight %) of 12 Valley Spring gneiss samples and 

17 Packsaddle schist samples are shown in Table 

I. Major elements were determined by rapid 

silicate methods, and radioactive trace elements 

were determined by gamma-ray spectrometry; (for 

a more detailed discussion of analytical methods, 

see Appendix )• 

Scatter Diagrams 

The analytical data are compared with 

analyses of various rock types from other areas 

by means of scatter diagrams. An analysis from 

the literature which has been plotted on the 

scatter diagrams has satisfied all of the 

following requirements: 

1) The analysis was reasonably 

similar in entire chemical 

composition, Por example 

almost all graywackes were 

excluded from;the basic* 

* The term '•basic*' as used in this paper refers 
to rocks of gross chemical similarity to amphibolites;, 
the term acidic refers to rocks of gross chemical 
similarity to gneisses. 
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rock scatter diagrams because 

their SiQ2content was more than 

20$ higher than that of the 

Packsaddle schist specimens* 

2) All rocks analyzed by the 

author had CaO/MgO ratios of 

greater than one. (Therefore, 

any analysis with a CaO/MgO 

ratio of less than one was 

not used for comparison. 

Almost all of the shales and 

many of the graywackes were 

excluded from both the acidic 

and basic rock diagrams on 

this basis. 

3) In selecting analyses of basic 

rocks only analyses with HagO/KgO 

ratios of greater than one were 

used. All basic rocks analyzed 

by the author had WagO/KgO ratios 

of greater than one. 

(Che points representing basalt analyses on 

the basic rock scatter diagrams are averages of 

three or more analyses. This method was used 

because: 1) a single analysis of a basalt seldom 
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demonstrates all of the minute chemical differences 

between magma types; and 2) the validity of a name 

assigned to a single analyzed sample may be 

questioned. A plot of individual analyses is 

simply more disperse and does not substantially 

change the interpretation of the scatter diagrams. 

Analyses from the literature which have been 

used in the scatter diagrams may be obtained from 

Dr. John J. W. Rogers, Department of Geology, 

Rice University. 

Numbers on the scatter diagrams refer to 

samples analyzed in this investigation. Their 

correlation with original sample numbers is 

shown in Table I. 

More analyses of graywackes and granites 

could have been plotted on the acidic rock diagrams 

but would not have altered the interpretation of 

the scatter diagrams. 

Petrographic Data 

Modal analyses were performed by point¬ 

counting a minimum of 1000 points per thin section. 

The modes are listed in Table 2. The fine grain 

size of certain specimens and the general absence 
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of twinned plagioclase grains introduces an 

error in tlie quartz and plagioclase percentages* 

DISCUSSION OF DATA 

Valley Soring Gneiss 

In this investigation, the major problem 

concerning the Valley Spring gneiss is its 

pre-metamorphic parent rock* The acidic rock 

scatter diagrams (Figures 4-8) indicate that 

the Valley Spring gneiss probably contains only 

minor amounts of metamorphosed shale because 

so few shales are chemically comparable to 

Valley Spring gneiss specimens* Most shale 

analyses are excluded from the scatter diagrams 

because their CaO/MgO ratio is less than one* 

This low ratio is characteristic of Precambrian 

and lower Paleozoic shales (Nanz, 1953)* Arkoses 

and graywackes have compositions similar to 

certain members of the Valley Spring and therefore 

may be considered as possible pre-metamorphic 

rock types* The composition of average sandstones 

could be compared to only the more silicic 

members of the Valley Spring gneiss (Fig. 4)* 



The Na^O - Kg© scatter diagram of acidic 

rocks (Pig. 6) indicates that only the more 

basic members of the Valley Spring gneiss, 

such as those rocks represented by points 

2 and 10, can be considered metamorphosed 

graywackes unless potassium metasomation has 

occurred. These more basic members could also 

be metamorphosed arkoses with relatively more 

argillaceous material. 

An analysis of at least one granite is 

near every Valley Spring gneiss paint on all 

acidic rock scatter diagrams. A granitic pluton, 

however, does not commonly exhibit the variation 

in composition shown by the Valley Spring gneiss: 

conversely, a metamorphosed granite might be 

locally variable in composition owing to 

metamorphic segregation. 

Interpretation of the thorium and uranium 

data is difficult owing to the meagre data on 

thorium and uranium in sedimentary rocks, 

(excluding, shales, limestones, and orthoquant zites 

Adams and Weaver, 1958). The range and absolute 

concentrations of thorium and uranium in the 

Valley Spring gneiss is similar to the range and 
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concentrations in granite (Whitfield et al, 

1959) (Fig. 8). The few data available suggest 

that the thorium and uranium contents of the 

Valley Spring gneiss are considerably higher 

than those of comparable sedimentary rocks 

(Fig. 8). 

Packsaddle schist 

In this investigation, the major problem 

related to the Packsaddle schist concerns the 

origin of the amphibolitic members. The problem 

of the distinction between ortho- and para- 

amphibolites has been examined in considerable 

detail (Evans and Leake, I960; Walker, et al, 

I960; Wilcox and Poldervaart, 1958). Two premises 

must be clarified: 1) unless metasomatism has 

occurred, chemical differences will be apparent: 

between ortho- and para-amphibolites; and 2) 

a distinction between high-grade metamorphosed 

flows, dikes, or tuffs is virtually impossible 

by chemical means and is relatively immaterial; 

the important distinction is the presence or 

absence of igneous activity. No indications of 

regional metasomatism are apparent in the specimens 

studied in this investigation, nor in the areas 

from which samples were taken. 



Banded amphibolites within the Packsaddle 

schist (Group I - points 1, 3, 7, 9, 14, and 

15) consist of alternating layers of dark green 

hornblende and diopsidic clinopyroxene. The 

bands range in width from less than one mm to 

more than three cm and are parallel to schistosity. 

Plagioclase and sphene are more intimately 

associated with the pyroxene bands. Nonbanded 

amphibolitic members of the Packsaddle schist 

(points 5» 6, 8, 10, 11, 12, 13, and 16) are 

designated Group II# 

The presence of banding has been suggested 

as a criterion of para-amphibolites (Eckelmann 

and Poldervaart, 1957* Wilcox and Poldervaart, 

1958; Walker, et al, I960). Evans and Leake 

(I960) have shown that tectonic and met amorphic 

processes may result in a banded ortho-amphibolite. 

The consistent use of field criteria such as 

banding and interlayering with meta-sediments 

to distinguish para-amphibolites is questionable 

and may have adversely contributed to the amphibolite 

“problem”• 

The CaO - MgO scatter diagram (Pig. 9) 

indicates:: 1} a.chemical separation of the 
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amphibolites into two groups; and 2) an affinity 

of Group II with basalt analyses, particularly 

tholeiitic basalts* The similarity in composition 

of the amphibolites to tholeiitic basalts is 

particularly well demonstrated by Figures 10 

and 11. The Si02 - alkalies scatter diagram 

(Fig. 10) suggests that a certain amount of the 

alkali content may have been removed from the 

amphibolites. The overlapping of the two 

amphibolite groups (Fig. 10) may be explained 

by ; 1) inherent variability in Si02 and alkali 

contents of basalts; and/or 2) slight errors in 

SiOg analyses, which result in relatively large 

changes in absolute Si02 percentages and/or 

5) local movement of the more mobile alkali 

elements during metamorphism. Figure 11 

(Ti02 - AlgOj diagram) illustrates the existence 

of two types of amphibolites in the Packsaddle 

schist and their chemical similarity to tholeiitic 

basalts. The total iron-MgO scatter diagram 

(Fig. 12) indicates: 1) the presence of two types 

of amphibolites; and 2) that Group II is partic¬ 

ularly iron-rich. 



Certain analyses (points 1, 2, 4, 5» 6, 

and 8) have rather distinctive compositions. 

Point 1 is classified with Group I because 

it represents a handed amphibolite; however, 

with the exception of CaO content (Pig. 9)» 

point 1 could be placed with Group II. Point 

1 probably represents a mixture of impure 

calcareous material with a rock having the 

composition of Group II. Point 2 represents 

a quartz-mich schist. The composition of the 

quartz-mica schist is quite similar to that 

of numerous graywackes. Point 4 represents 

an amphibole schist member of the Valley 

Spring gneiss from the Little Llano River area. 

This rock is similar in composition to those 

of Group I; however, the rock represented by 

Point 4 may have been metasomatized by addition 

of SiOg and alkalies and removal of CaO 

(Figures 9 and 10). This metasomatism is 

possibly the result of chemical potential 

gradients established between the schist and 

the adjacent quartzo-feldspathic gneiss during 

metamorphism. Points 5, 6, and 8 represent 

non-banded amphibolites and are therefore 
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classed with Group II. These rocks may actually 

represent a chemical transition "between Groups 

I and II (see especially Pig. 11). Points 5 

and 6 represent the only amphibolites containing 

garnet porphyroblasts. 

Radiometric data concerning the amphibolitic 

members of the Packsaddle schist indicate: 1) 

that the uranium contents are quite similar 

to those of basalts (Heier and Rogers, in press); 

and 2) that the abundance of thorium is consistently 

less than that of basalts (with the exception 

of two Japanese tholeiites). The low thorium 

content and low Th/U ratio (average = 0.8) 

suggest a selective loss of thorium during 

metamorphism. A theoretical development of a 

possible mechanism of selective thorium mobil- 

zation is beyond the scope of this investigation. 

The precision for thorium in these rocks is quite 

poor (£ 60%); however, maximum adjustment for 

error would not substantially change the thorium 

characteristics of the amphibolites. 
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CONCLUSIONS 

Distinction between ortho-and para-gneisses 

is not possible solely on the basis of bulk 

chemical composition; however, petrographic data 

suggest that at least portions of the Valley 

Spring gneiss are meta-sedimentary. In order 

of decreasing volume, arkoses, graywackes, and 

shales could be pre-metamorphic rock types of 

the Valley Spring gneiss* If the Valley Spring 

gneiss is meta-sedimentary, the parent rocks 

were probably a series of pure arkoses and some 

relatively argillaceous arkosic sediments* The 

majority of the Valley Spring gneiss specimens 

have higher thorium and uranium contents 

than do arkoses and graywackes; however, thorium 

and uranium contents of granites are quite 

similar to those of the Valley Spring gneiss. 

If the Valley Spring gneiss is meta-sedimentary, 

thorium and uranium could have been added 

during metamorphism; however, such addition is 

somewhat unlikely on a regional scale* 

Non—banded ortho-amphibolites within the 

Packsaddle schist result from metamorphism of 

iron-rich basalts, (flows, dikes or tuffs), 
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probably of tholeiitic composition. Banded 

para-amphibolites within the Packsaddle schist 

represent metamorphosed mixtures of mafic tuffs 

and calcareous material. The data suggest a 

selective removal of Thorium from basaltic 

material during regional metamorphism. 
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Table 1* 

Semple ■wr “L2T2T L3C3) L17W MIC 5) 1^3C6; IW4(7; 

Rock Type gn bgn bgn bgn gn gn gn 

SIcTJ 7i.4o 63.76 70,10 73.47 72.03 71.10 72.80 

AI2°5 14.31 16.00 15.06 13.28 13.11 15.26 13.10 
Ti02' .38 .77 .67 .29 .29 .46 .47 

Fe2°3 
1.6 5.3 1.4 1.2 2.4 2.0 2.9 

Feo 1.42 .63 3.69 .88 .18 .20 .67 

MgO .6 1.0 • 6 .7 nd .2 nd 

CaO 0.7 3.6 2.2 .8 .5 1.2 1.0 

Na20 2.83 5.22 3.72 2.89 3.40 4.37 3.57 

K20 5.49 2.65 3.33 4.77 5.35 5.53 4.59 

r2°5 .04 .33 .05 .02 .05 .02 .04 

ppm Th 18.7 4.4 10,0 22.8 17.0 18.0 11.9 

ppm U 3.9 1.4 3.0 4.8 3.3 3.9 1.2 

Table 1 (continued) 

SampIS HC'ICS'rHC4C9J"HC-SCiO)"Tg2aiJ'"SC’12a2’) HCT?ri3) 

Rock Type gn gn gn gn gn gn 

Si02 74.66 7S."S6" '64:71' 76.63 “’69.'53 75TTX 
A12°3 12.48 13.38 15.22 12.07 14.14 10.75 

Ti02 .31 .33 .75 .43 .49 

CM 
CM • 

Fe2°3 2.0 .4 3.2 1.4 .9 2.4 

FeO .76 .3 1.89 .78 2.91 .14 
MgO .4 .1 2.1 .3 .7 .1 
CaO .8 1.5 4.6 .5 1.3 .5 
Ra20 2.67 6.27 3.ix 2.36 3.41 1.70 

KgO 5.68 .61 3.40 5.74 4.01 5.31 

P2°5 
.02 .03 .13 .03 .04 nd 

ppm Th 9.9 13.3 7.1 19.7 8.9 8.6 
ppm U 2.8 2.2 1.9 2.6 2.5 3.1 
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Table 1 (continued) 

Sample £16(1) £11(2) L12(3) IW2(4) HC2(5) 14(6) ~I5T77 
Rock Type bam s bam msx paml pam bam 

Si02 44,97 76.03 49.36 53.62 50.05 46.13 49.38 

15.73 12.42 16.89 15.43 14.48 15.18 16.53 

Ti02' 2.05 • 34- .65 .80 1.04 .99 .64 

FepO, 6.7 2.0 1.5 7.3 1.5 4.7 2.4 

FeO ' 10.65 .95 7.25 2.14 10.89 10.02 7.65 

MgO 1.9 .4 3.5 5.2 7.2 6.4 4.3 

CaO 16.9 1.0 16.5 8.3 9.8 13.5 16.5 

Ha20 .77 2.75 1.30 2.78 2.36 1.11 .78 

KgO .32 4.30 .15 2.48 .82 .31 .17 

■p2°5 .88 .91 .05 .31 .13 .13 .08 

ppm Th 2.40 11.2 nd 3.28 • H*
 

VJ
1 

• O
 

00
 

.03 

ppm U 1.11 2.7 .42 .84 .22 .38 .09 

Table 1 (continued) 

Sample L8(S) 19(9) L13(10) 1*14(11) £15(12) L16(13) 

Rock llype am bam am am am am 

Si02 49.01 50.06 49.55 49.02 48.34 53.32 

14.84 15.02 12.14 14.08 13.85 11.86 

Ti02 .93 .75 2.00 1.75 1.44 1.76 

Fe20^ 2.3 1.7 3.9 4.8 3.1 3.4 

FeO 10.12 9.47 12.37 10.97 10.81 12.31 

MgO 5.1 3.1 6.5 6.4 5.6 5.1 

CaO 12.4 16.8 9.2 9.6 10.7 9.3 

Na20 1.61 1.69 2.48 3.03 2.39 2.36 

KgO- .26 .12 .19 .19 .25 .34 

5*2^5 .12 .06 .28 .25 .17 .35 

ppm Th .29 .08 .26 .18 .08 .39 

ppm U .12 .28 .29 .40 .18 .48 
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Table 1 (continued) 

Sample TBI3CW)' ""HCi5(l5) &C16(16) HC14 ~ana 

Rock Type bam bam am gs gs gs 

Si02 51.58 48.88 55.82 

^ 12°3 15*43 15.49 10.01 

Ti02 .72 .86 2.09 

Fe2Q5 3.8 2.4 4.5 

3?e0 8.04 8.39 11.82 

MgO 5.9 5.5 4.4 

OaO 14,6 15.6 9.4 

Na20 1.14 2.13 .92 

KgO .21 .18 .17 1.69 2.26 1.58 

p2°5 .09 .10 .31 

ppm Th - .10 .10 .13 9.3 4.8 4.39 
ppm U .13 .07 .49 2.6 2.9 4.96 

( ) - Number plotted on scatter diagrams 

gn - gneiss 

bgn - banded gneiss 

nd - below detection 

1 - Valley Spring gneiss 

bam - banded amphibolite 

s - quartz-mica schist 

ms - metasomatized schist 

pam - porphyroblastic amphibolite 

am - amphibolite 

gs - graphite schist 

* - Determination of percent H20 in representative specimens 

resulted in totals closely approximating 100%. 

tr - trace 
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Table 2 

Modal Data 

LI L2 Il7 “HI H3  
quartz 47.0 2?.9 4OI6 5>1.2 5^.4 39.6 
hornblende — 4.5 «... MM — • 6 
plagioclase 34.8 52.2 26.2 24.8 13.6 25.8 
opaques 1.1 .1 «— .6 1.4 .6 
pyroxene —— MM MM MM —— — 
potash feldspar 23*1 .3 7.6 12.6 26.6 27.6 
biotite 3.5 25.7 14.2 6.0 2.0 •6 
calcite MM MM 2.0 2.6 
chlorite — MM 1.6 1.8 — 5.2 
zircon tr tr MM tr tr 
apatite tr tr tr tr tr tr 
sphene tr tr MM MM tr — 

muscovite 
garnet -- MM 

IW4 H01 H04 HC6 VS2 HC12 
quartz Zj£7?r 48.8 4§ .8 45.0 44.2 31.1 
hornblende . — tr — ' 10.8 — MM 

plagioclase 30.0 25.8 48.2 39.6 37.2 44.2 
opaques 1.0 • 6 ;2 tr 1.0 .4 
pyroxene —• — —— ■—* MM MM 

potash feldspar 20*8 23.0 .8 1.2 25.2 2.0 
biotite .6 1.0 .2 13.8 .2 22.6 
calcite -- —— - — — — MM 

chlorite 1.0 1.0 — tr .8 — 

zircon tr tr .1 tr .1 MM 

apatite _ tr tr — .1 tr tr 
sphene —— — mm mm 

. 1 — 
mmwm 

muscovite 
garnet 

•MM MM •5 MM tr tr 

 HCI7
3 S
T£0 " Lll LI2 

quartz 3.0 75.2 2.5 19.2 4.0 
hornblende 46.4 — 26.7 44.4 67 #6 

plagioclase 17.6 8.1 33.4 4.8 28.4 
opaques MM 1.0 1.9 4.2 MM 

pyroxene 24.2 MM 33.6 MM MM 

potash feldspar 11.8 MM 19 • 8 MM 

biotite MM 4.9 MM 7.0 MM 

calcite MM MM tr MM MM 

chlorite MM MM MM 

1 

zircon MM MM MM • 6 tr 
apatite MM 

sphene 7.8 MM 3*1 MM tr 
muscovite — tr —— MM MM 

garnet 
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Table 2 (continued) 

m 
_ L5 L8 . I»9 . L13 I»14 

quartz 2.0 7.2 4.5 5.8 2.4 7.3 
hornblende 65.4 35.8 72.7 45.2 85.6 75.7 
plagioclase 25.1 21.6 19.1 19.1 6.9 14.8 
opaques 3.5 2.5 1.9 1.3 6.2 2.2 
pyroxene mm mm 51.4 — 27.9 1.1 — 

potasjr feldspar 
biotite .7 
calcite mm mm tr — —— tr —— 

chlorite 
zircon .i —- tr tr —— 

apatite —— 

sphene 1.7 2.5 2.0 1.7 .8 —- 

muscovite 
garnet 1.6 

L14 L15 . 10.6 HC15 HC15 HGlS 
quartz 7.3 2.1 7.3 5.5 4.5 4.5 
hornblende 75.7 85.0 64.7 62.5 30.7 73.5 
plagioclase 14.8 7-9 25.1 17.3 18.6 10.5 
opaques 2.2 5.0 2.4 — — 11.5 
pyroxene — — — 10.7 40.4 — 

potash feldspar 
biotite 
calcite — — —— tr — 

chlorite 
zircon —• —— .2 tr — tr 
apatite 
sphene — tr 2.5 3.0 5.0 tr 
muscovite —— 

garnet 

* - too fine-grained to point-count 

tr - trace 
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Fig* 1* Location of sample profiles 
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SCALE IN MILES 

0 0 2 0 4 

0 1 0 3 0 5 

Fig, 2, Little Llano River Area after Lidiak, 
et al (1961) A (acidic rocks).; 
B (basic rocks) 
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Pig* 3* Honey Creek Area after Barnes (1946) :: A (acidic 
rocks); B (basic rocks) 



o o 
Avg.293 

- 25 - 

o o 

sio2 

□ t 84.86% Si02 

Avg. 371 

X GRANITIC ROCKS 

X 8 O SANDSTONES 

X
 ro 

X
 

_
l 

 

O A GRi&Y WACKES 

Q O ARKOSES 

X 
- X x ^ • SHALES 
xx x 

II 
-75 

5 

9 O 

X 

X 

X X 

_ X 

X 
A° 

X 
4 

7 
-70 

A x 
X x 

X A A 
X X A A • 

o 
A 

6 3 

X 

1 A 

A 

12 

A * 

-65 

A 
A 

X X 
AA 
• 

* 10- 

-GO 

0.5 /. 
1 1 

2 
X 

O A5 2.0 2.S 3.0 • 3.5 40 4.5 5.0 55 0.0 0.5 
r i i ii i i i i i i 

Fig. IPf'°AciSfc Rocks 

0.5 /.O /. 
_l I I 



26 

X GRANITIC ROCKS 

A GR3TWACKES 

O ARKOSES 

• SHALES 

CaO 



- 27 - 

X GRANITIC ROCKS 

A GR&Y WACKES 

O ARKOSES 

• SHALES 

K2O 



X 

X 8 "A A 
Lx x 

X X 
X 
13 ° 

-10 X 

X X 

-15 

A 4 3A'° 
° A 

I A 
5 AA X x 

x x x AX 

49 A 12 x o 

X 
X 

A* & 

X 

A 

O 

o 

□ 

X 

X 

X 

o 
O 

□ Avg.371 

-5 
□ Avg.253 

0.2 0.4 0.6 
°t_ 

AO t.Z A4 
 l_ 

Pig. 

a?iQ2 
7. Acidic Rocks 

GRANITIC ROCKS 

GRay WACKES 

ARKOSES 

SHALES 

SANDSTONES 



29 

ppm Th 
ii 4t 

22.8 ppm. 

X 

I 

6 

5 X 

— /S X 

O contains shale 

X 

9 

7 X X 

X X 

-/o 3 X 
8 

12 

X 
13 

X 

10 
X 

o 
-5 x 

O 2 

X 

o X 
X 

X GRANITIC ROCKS 

O APPROPRIATE SEDIMENTARY 
(SEE TEXT) 

- O 

/ 2 3 
J L 

ppm U 

G 
J 

Pig. 8-. Acidic Rocks 



o THOLEIITES 

X ALKALI - OLIVL NE BASALTS 

CaO 



• THOLEIITES 

X ALKALI - OLIVINE BASALTS 

Si02 

-55 

-50 

-45 

-40 

16 

14 

13 

• • 

• • 
• • 
• • 

• • • 
• • • X 

15 lOo 5 
• II 

12 X 
X X 

i 1 4 
_l_ 

Na~0 + Ko0 
Fig. 10? * 

/ 
L 

Basic Rocks 

£ 

X
X
 



X 

32 

Ti02 

X~4.0 • THOLEIITES 

X ALKALI - OLIviNE BASALT 

X 

X 

X 

X 

X 

• • X 

-3.0 

• X 

X# XX 

16 

\ 

-2.0 

10 • 

\ ^ 
\ n . \ 

1 13 II, 

I 
/ 

\ 12 ✓ 
 ' 

• • • • 

~/.o 
8 V 

*» 14 

••^I5N\ 

I \ 
• S 

7 3* 
N • • / 
\ 

/o 
J L 

/£ 

J I I L 
so 
 i  

A1 2°3 
Fisc. 11 Basic Rocks 



33 - 

• THOLEIITES 

X ALKALI - OLIVlNE BASALTS 

Total Iron 
As FegOj 

MgO 
Pig. 12 Basic Rocks 



- 34 - 

APPENDIX I 

Precision and Accuracy 

Precision of the analytical methods was 

determined by reopening and analyzing duplicate 

samples. Working curves and standard factors 

were based on the ‘’accepted" values for G-l 

and W-l which are generally conceded to be the 

most accurately known geochemical standards. 

Thus the accuracy of the analyses of the unknowns 

is as high as the precision of the analyses and 

the accuracy of the "accepted" values for G-l 

and W-l. 

Determination of NagO and 0 

The analyses were performed by standard flame 

photometric techniques on a Zeiss Model PMQ-II 

spectrophotometer with a flame attachment. The 

following instrument settings were used for the 

determination of sodium: 

1. Wave length is set at 589 mp . 

2. Slit width is set at 0.06 mm. 

5. W x amplification is used. 

A. Red sensitive photocell is out. 

The following settings were used for the 

determination of potassium: 
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1. Wave length is set at 768 m//. 

2. Slit width is set at .30 mm. 

3. 100 x amplification is used. 

4. Red sensitive photocell is in. 

Calibration curves were based upon accepted 

values for G-l and W-l and samples donated by Dr. 

K. S. Heier. The unknown samples were asperated; 

the percent transmission recorded; and the 

concentration in p.p.m. read from the calibration 

curves. 

The precision of sodium determinations was 

£ 1.5%* The precision of potassium determinations 

was £ 0.25%* 

Determination of CaO and MgO 

A method of determination of calcium and 

magnesium by EDTA titration with a Sargent—Malmstadt 

Automatic Titrator was developed by the author and 

Paul C. Ragland. A detailed description of this 

method may be found in Ragland (1962). 

The precision of the CaO determinations was 

£ 1.5%. The precision of the MgO determinations 

was £ 2.5%. 

Determination of FeO 

Ferrous iron was determined colorimetrically 

with a Bausch and Lomb Spectronic 20 spectrophotometer 



36 

by measuring the transmission of light by the 

ferrous-orthophenanthroline complex at a wavelength 

of 555 m y (Shapiro, I960). 
Precision of FeO was i 2%. 

Determination of Total and Ferric Iron 

Total iron as was determined colori- 

metrically with a Bausch and Lomb Spectronic 20 

spectrophotometer (Baudemer and Schaible, 1944-; 

in Shapiro and Brannock, 1956). Percent Fe20j 

in the sample is calculated by subtracting the 

FegOj equivalent of FeO from the value for total 

iron. 

Precision of the total iron determination 

was - 2.5%. 

Determination of Si02 

In the determination of Si02 the transmission 

of light of the molybdenum blue solution was 

measured at 650 m^/ (Bunting, 1944; in Shapiro 

and Brannock, 1956) • 

Precision of the Si02 determination was 

± 1.5%. & Beckman D U spectrophotometer was 

used in the Si02 and AlgO^ determinations because 

of the need for maximum precision. 

Determination of A120^ 
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Alumina (AlgO^) was determined by measuring 

the light transmission of a solution containing an 

alizarin red-S complex at 475 m p (Parker and 

Goddard, 1950; Shapiro and Brannock, 1956)* 

Precision of the AlgOj determination was 

t 2%. 

Determination of TiOg 

Titanium (TiOg) was determined colorimetrically 

by measuring the light transmission of a yellow 

tiron complex (Yoe and Armstrong, 1947; in Shapiro 

and Brannock, 1956)* 

Precision of the TiC^ determination was 

Determination of PgO^ 

The phosphate content was measured by the 

amount of light transmitted at 450 m^ of the yellow 

molybdivanado-phosphoric acid complex (Kitson and 

Mellon, 1944; in Shapiro and Brannock; 1956)* 

Precision of the PgO^ determination is — 5%* 

Determination of HgO 

Water was determined by a modified Penfield 

method (Shapiro and Brannock, 1955b; in Shapiro 

and Brannock, 1956)* 
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