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ABSTRACT

The close association of gallium and aluminum in
rocks is examined. Imission spectrographic analy sis is
used to determine the gallium and aluminum content of ar-
kosic sediments and related source rocks, Results sug-
gest a relative increase in the Ga/Al ratio in the derived
sedilmentary rocké. Determinations are also carried out
on granites from several locations in New Mexico to com=-
pare the Ga/Al ratio in these rocks. The frequency dis-

tribution plot of the granite analyses are positively

skewed for gallium, but are normal for aluminum. This
lack of parallelism between the elements may be the ree
sult of dual origin for the granites, variation in minerdl

composition, or the effect of other ions,

vi



PHE GALLIUM AND ALUMINUM CONTENT AND THD GALLIUM-ALUMINUM
RATIO IN SELECTED ROCKS FROM NEW MEXICO

INTRODUCTION

The element galliwm forms no simple or discrete
mineral during magmatic crystallization, but tends to be

closely associated with aluminum and is contained in the !
.. crystal lattices of - the  aluminum minerals. This type of

major - minor element assoclation is common and 1t depads

tential. Relative data for gallium and aluminum are given

in Table I

Table 1t Atomicvand ionic data for Aluwminum and Gallium*

Al Ga
Atomic Number 13 ‘31
Atomic Weight 26,98 69.72.
Tonic Radius (+3) 0.57 0.62 K
Ionic Structure (+3) Noble gas "1 8-electron'
lIonizatiop Potential (3rd) 28.%N - 30.7 ev,

*(Ahrens, Goldschmidt, and others)

Since Ga*3 is slightly larger than Alfa,.a rela-

tive increase of gallium is expected in the late differ-




entiates, Nockolds and Mitchell (1947) however, 1n an
‘inVeétigation of major-minor element associations in the
Caledonian plutonic rocks, found a practically constant
value.for Ga.l000/A1l of 0.2 for rock compositions ranging

from pyroxenite to aplite.

Bell (1953) gives a detailed description of the

behavior of gallium in magmatic processes, and finds a
very close assoéiation between gallium and aluminum dur-
ing differentiation and crystallization, He notes that
aluminum may possibly be slightly enriched in the ultra-
basies and gallium slightly enriched in the pe gmatitic
phase. | |

The relative abundances of the;two elenaent; are

given in Table Il:

Table I1: Abundances of Aluwinum and Gallium

| Al (%) Ga (ppm)
#Earthfs crust ‘8;23 15
#Basalt (average) 8,76 12
#iranite (average) 7,70 7 18
*Clays and Shales 10.H5‘ | 30

(#Taylor, 1964
*Vinogradov, 1962).

Using disseociation constants, the solubilitles of

aluminum and gallium can be calculated as a.function of
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pH. The available data are commaratively old and remark-

ably poor; the wvalue for the dissociation constant of

Al(OH)3 in alkali solution, for example, varies from 6 x.

10"12' to 1.3 x 10"14" Similar variations exist in the

reported values for gallium. Latimer (1952), taking into
consideration all thermodynamic data, gives the following

preferred values:.

In alkali solutions.

- b, -
AL(OH); &= ALO; +H0 + H Kgp = % x 10 13
_ - ot -1
Ga(Ol); === HyGa03 + B op = 1 %10 5

in acid solutions:

‘ +3 oo — ~33

AL(OH); == A17° + 30H Kgp = 5 % 10
Ga(OH); = Ga 3+ 30m o = 5 x 10737

The solubilities of aluminum and gallium as cale-:

culated from the above data, are plotted against pH in

Figure 1. TFrom this plot it 1s seen that, due to their:

different solubilities, there exists a definite mechanism
for the separation of these two elements, The +3 lon is
the stable form for both elements and the chemistry (and
geochenistry) is mainly determined by this lon.

During the weathering of igneous rock and the
transportation of the resultant debris, minerals are in
contact with aqueous solutions for sufficient time for

any mechanism of separatbn as stated above totake effect,
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provided the conditions are favorable. Thus, the more
soluble elements will decrease in concentration relative
to the less soluble ones with inecreasing distance from
the source rock, It is, therefore, expected that a more
soluble’ element, in this case aluminum, will show a de-
crease inlconcentration when compared to a less soluble
element, gallium, in a sedimentary rock relative to the
concentrations fopnd in the parent rock,

spould a measurable separation of aluninum and
gallium take place during weathering, resulting in increased
Ga/Al ratios, it is conceivable that this ratio may per-
sist during metamorphism, In such a case the Ga/Al ratio
may be a useful indicator as to the origin of granitic
rocks, distinguishing between a "true'™ granite and one
with an original sedimentary origin. Lt may be noted here
that the dispersion of gallium in igneous rocks is extremely
small as shown in Figure 2 (fhrens, 1954)..

The work here described develops sulitable me=-
thods for the analysis of gallium and aluminunm in rocks,
and determines the amounts of these elements and thelr
ratio in selected rocks. The analyses are carried out
on a number of feldspathic sandstones and their known
igneous source rocks, from the three areas shown on the
index map (Figure 3), and on several granites from New

Mexico. The purpose of this investigation is to compare




b
LATCHE T
&AL

L
/08

@ GALLINAS

M"‘/ . AL BLOAER O E o
;&
N
O
708°
1
G B

NEW ATEKXN/CO ~ INDEXN A74FP



the Ga/Al ratio between sedintentary and source rocks and

to examine and investigate this ratio in granites., The
possibility of using this ratio for correlation purposes

is also examinede.

Previous Work

¢

Manyinvestigaﬁons have been carried out on gallium
and 1ts mode of occurrence in nature since its discovery
in 1875:by de Boisbaudran. Lven before the actual dis-
covery, the element ("eka-aluminua') and 1ts properties
were predicted by Mendeleev in 1869.

Bell (1953) investigated the gallium content of
a large number of igneous rocks and minerals, and gives
an extensive bibliography of the element, Although he
made no aluminum determinations, he compares the gallium
content tothe aluminum content where the latier is avall-
able., He gives the following approximate values for the

Ga.l000/Al ratios:

Granites. 0,22
Sandstones up to 0.6
Shales 0,23

Recently, Booke (1964) investigated the Ga/Al ratio
in selected African acidliec igneous intrusives and finds

/
that the plot of Ga vs Al can be divided into two filelds




with respect to age the older rocks haung the lower Ga/Al
ratio.

As far as is known, no intensive investigation of
the gallium content and the Ga/Al ratlio has been done for

rocks from New Mexicos
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SAMPLE LOCATION AND DESCRIPTION

Three areas where arenitic sedimentary rocksand’

parent source rock can be sampled were selected (Figure 3)
These are designated as follows:
1) Zuni Mountains Area
2) Gallinas Area.
~3) Hatchet Gap Area
A variety of granites, almost all Precambrian
from various parts of New Mexico, were analysed for gal-
1ium and aluminum. These sampl.es are believed to be re-
presentative of most MNew Mexico granites.
Zuni Mountains Area
The area sampled is situated in the Zuni Mountalns
west of Grants, Nev Mexico, and has been mapped over a
- period of years by Smith and others (1954=1957).

The area 1is underlain by Precambrian granite and
metarhyolite. Immediately over this lies an arkose, 1den=-
tified as pre-Permian (Wolfcamp) in age, with many in-
clusions of the crystalline rocks. The arkosic facles
grades upward into sandstones and occasional limestone
beds, and disappears to the north as determined from well
samples. These data suggest derivation of the sediments
from the immediately adjacent crystalline ToCKSe

Samples were collected north and west frdm Mount

Sedgwick (Figure ) and are described in Table IITe




Table I1I1:
Sample
Z 1

Zz 2

Z3

Z 4

Z5

Z.7

Z 8

Z9a

Z9Db

Z9¢

294

210

Z11

(o

7uni Mountains Somvles = Description

Gneiss. Precambrian, fine-grained, leuco-
cratic. South flank of Mount Sedgwick.
Granite. Precambrian, slightly gneilssic, On
continental divide at Mount Sedgwick.
Arkose; Pive feet above contact with Precan-
brian schist at copper prospect near Mirabal
mine,

Schiste. Precambrian, muscovite — rich. Below
Sample Z3.

Gneiss. Precambrian, with biotite, Below
arkose near Zki.

Metarhyollte, Precambrian, coarse-graineds
North of Mirabal mine.

Metarhyolite (?). Precambrian, fine-grained.
Near 427 |

Arkose. uverlylﬁg a7

Arkose, Twenty feet above Z9a.

Arkose, Twenty feet above Z9h.

Arkose., Very coarse-grained. Ten feet above.
Z9c¢,

Granite. Precambrian, West of Wileoxson Randu
(T11N, R14W, Sece 13)

Arkose., Above 210,




Table III (Continued):

Sample
Z12 Metarhyolite, Precambrian, Three to four miles
wesl of Wilcoxson Ranch.
Z13 Sedimentary (sandstone?) “inclusion" in mecta-
rhyolite near Zl2. ‘
Z15 . Arkose, Overlying 412.
216 Granite. Precambriane. Pink, fine~-grained.

McGaffy Lake,
Gallinas Area

The Gallinas mountain range is an lsolated com=-
plex of intrusive and extrusive rocks just west of ligh-
way 5%, near Corona, New Mexico. A faulted block of pre-
sumably Precambrian granite,overlain by Abo @)Sandstone
derived from 1t, occurs within the area (Perhac, 1960),

Samples are described in Table IV, and locatics

are shown in Figure 5.
Hatchet Gap Area

Hatchet Gap is the name given to the break be-
tween the Little Illatchet Mountains and the Big Hatchet
Mountains through which Highway 81 passes, about twelve

miles south of Hachita, New Mexico,

The geology of the area is described in detall

by Lasky (19%7). To the north of Hatchet Gap one large
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mass and tnree smaller masses of granite fomn the southern
end of the Little Hatchet range., This granite originally
mapped by Lasky as Tertiary;, has since been identified by
Zeller (1958) as being of Prccambrian age. Immediately
overlying thejgranite, and forming three outlying hills,
is alfeldspathic sandstone described by Zeller as Bliss,
This contains occasiondl fragmnents of the underlying base-
ment rock.

Sample locations are shown in FFigure 6 and de-
scriptions are given in Table V, Sample No, Hl is of a
granite distinctly different from, and apparently intru-

sive into, the main body of granite.

Table IV: Gallinas Samples - Description

Sample
Gsl Precambrian (%) granite. DNear road east of
Red Cloud Campgrounde
Gs2 Abo Sahdstone. Overlying granite 1000 feet
west of Gsle
Gs3 Abo Sandstone,. : Overlying granite at Gsl.
Gsl Abo Sandstone. Overlying granite 1000 feet

east of Gsle

Table Vi  Hatchet Gap Samnles - Desceripiion
Sample -
H1 Precambrian, leucocratic granite, Near con-

tact with Bliss Sandstone,

ST BT
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Table V (Continued):

Sample
H2 Bliss Sandstone; hard, quartzitice, fine-grained.
Uverlying Hl.
-3 Precambrian, red, granite.
H L Precambrian, red, granite,
H 5 Bliss Sandstonej; overlying Hi,
e Precambrian, red, granite.
H 7 Precambrian, red, granite,
o8 Bliss Sandstone; feldspathic. Overlying H7.
HO9 Bliss Sandstone; feldspathic. NW of H8,

New Mexico Granites

Locatlons of granite samples, including those from
the above areas, are shown in Figure 7 and described in
Table VI, Although practically all of Precambrian age,
these granites show much variety as to mineral composi-

tion.

Table VI: New Mexico Granites - Description

Sample
Gr 1 Precambrian graity Pederndl Mountain:. Torrance
County.
Gr 2 Precambrian, gneissic, biotite granite. Santa

Fe ski basin, Santa Fe County,

Gr 3 Precambrian, biotite granite; pink feldspar,

ko
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Table VI (Continued):

Sample

Gr L

Gr S

Gr 6

Gr 7

Gr 8

Gr 9

Grlo
Grll
Grl2

Grl3

Santa Fe ski basin, Santé e County.
Precambrian, mesocratic, porphyro~blastic,
piotite~garnet gnelss. Rhodes canyon, San
Andres mountains, Sierra County.
Precambrian, biotite granite. San Andres Pedk,
san Andres mountains, Dona Ana County.
Precambrian, porphyritic, muscovite granitee.
Cottonwood canyon, San Andres nountains, Sierra
Countye

precambrian, bilotite granite. Tributary of
Johnson Park canyon, northern San Andres Moun-
tains, Sierra County.

Precambrian granite,., Granite Gap, Peloncillo
mountains, Hidalgo County.

Precambrian, fine - grained bilotite granites
slightly gnelssic. Central Oscura mountalns,
Socorro County.

Precambrian, blotite granite. Trail canyon,

- Qscura mountains, Socorro County..

Precambrian, gnelssilc granite (Emudo granite) .
East of Dixon, 7Tuos County. -

Gneissic granite (Embudo granite?). — Apodaca,
Tacs County. |

Tertiary, soda-granite. Flag Mountain stocl,



Table VI (Continued):

Sample

north side of Red River Canyon, ‘laos County,

Gril Precambrian, biotirte granite, Tijéras canyon,
Bernalillo Cownty.

Grls Precambrian, pinlk, amphibole granite. Jeter
Ranch, Ladron mountains, Socorro County.

Grld Precambrian,leucocratic,biotite granite, Near
Grl5, Ladron mountains, Socorro County.

Z.1 Precambrian, fine-grained gneiss, Zuni moun-
tains, Valencia County.

Z 2 Precambrian granite, slightly gneissic. Zum
mountains, Valencia County.

Zz5 Precambrian biotite gneiss. Zuni mountains,
Valencia County.

Z10 Precambrian, hornblende granite,  Zuni hounw
tains, Valencia County.

Z16 Precambrian, red granite. McGarfy Lake:,
McKinley County.

Il Precambrian, leucocratic granite. Hatchet Gap,
Hidalgo County. '

H3 Precambrian, red granite. Hatchet Gap, idalgo
County.

H L4 Precambrian, red granite, Hatchet Gap, Hidalgo
County.,.

TTLIBRARY
\HMLML!

U——

SOCOHO, N, . |

GG L e
et =




mll‘v—

Table VI (Continued)

sample
H 6

Precambrian, red granite, Hatchet Gap, Hidalgo
County.
Precambrian, red granite. Hatchet Gap, Hidalgo
County.
Precambrian granite., DBRast of Red Cloud Camp-

ground, Gallinas mountains, Lincoln County.




ANALYTICAL PHOCEDURL

Introduction

Analytical tecimiques for the two elements, alwn~

inum and gallium, should combine speed, accuracy and sen-

sitivity,in the concentration range expected in the samples.

to be analysed. Available information shows that the
classical chemical analysis for aluminum is a lowgand
tedious process, and subject to many errors. Zr02, Cr203

and VoUs are almost always ircluded in the values reported

J
for A1203'in silicates (Fairbairn 1953).

Although emission spectrography is not commonly
used for the determination of the major elements in rocks,
the method readily lends itself to this kind of work, and
satisfies dll the requirements. Filby and Leininger (L960),
in a review of the analysis of the major elements in U.S.
Geological Survey Standard Granite Gl and Standard Diabase
Wl state that "...spectrographlc methods appear adequa-
tely accurate and precise for the determination of A1203
in silicate materials." In a review of the rapidity and
accuracy of the chemical and physical methods for deter-

mining aluminum in alumino-silicates, Volnovitch and

“These two .standard rock crusihes were prepared. by the U,
Se. Go 8¢ and dis tributed to Jaboratories for analysisg
Analytical results and other detedls are gilven in U.S5.G.8,.
Bull, 980, 1951, and U.S.G.S. Bull. 1113, 1960,
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Debras (1957) find emission spectrography the most rapid
and accurate'method.

Galliwn, as a trace constituent of rocks, is come
monly determined spectrographically., Other methods, not-
ably colorimetrie and flucrimetric, are also in use, but
these almost always require the total separation of any
aluminum present, an obvious difficulty when dealing with
rocks, One of the colorimetric methods investigated in
detail is that developed by Sokolova (1962). This method
has the advantage of great rapidity, but trial experiments
clearly showed interference by aluminum, The rapidity of
a method such as this is negated by the procedures re-
quired to remove all traces of alumimua,

Emission spectrographic analysis has been selecled,
therefore, far the determination of both aluminum and gal-
iium,

All samples were burned on an ARL 1.5 meter grating
spectrograph, with a ruling of 15,000 lines to the inch,
Specira were recorded on Kodak Spectrozraphic No, 1 film,
and line densities (emulsion response) were determined
microphotometrically on an ARL comparator - densitometer
incorporating a master chart, The emission spectrograph
is equipped with a simple arc - stand with manual adjust-
ment of arc gap, and with a rotating sector between the

stand and slit. The general procedure followed utilizes.




] T
invernal standards as described by Anrens (1959 and Ahrens
and Taylor (L961) Strontium is used as the internal stan-

dard for aluminum, and indium for gallium,
General Saumple Preparation

Samples are reduced in size on a steel plate with
a sted hammer and the fragments thus obtalned are crushed,
with a minimum of grinding,in a cast iron mortar, Further

reduction in size, to approximately 150 mesh, is carried |

ME‘»
out in a mechanical agate mortar.

The sample obtained in this way 1is fine enough gooe !
to achieve homogeneity, and yot coarse enough for final |
grinding with standards, spectrographic carbon or diluent
If the sample is reduced to ~200 mesh, difficulty is ex-
periencel in obtaining a good mix when other powders are
added, .

Final grinding for arcing, after the addition of
standard and buffer material, is done by hand in a small
agate mortar, The relative coarseness of the rock powder
aids mixing in this process,

Mechanical mixing, using instruments such as the
"Wig-L-Bug", tends to .separate the fine powders. This is
particularly noticeable when attempting to mix SrCO3 with

the rock powder in the preparation of samples for aluminum

analyslse
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Finally, the carbon eloctrodes containing the mix-
ture to be arced are heated at 110°C in an electric oven

for at least four hours prior +o arcing,
Film Calibration

The photographic emulsion was celibrated with iron
lines for varying light response in the 3000 E;region using
a step sector to obtain a graded series of inteasities,
The microphotometrically measured line density, din the
Torm of the Seidel functioné%%iﬂjis plotted against the
relative intensity of each line és described by Ahrens and
Taylor (1961, Chap. 11). This plot is shown as Figurc 8,
The intensily for any microphotometrically measured spece
tral line in the above - mentioned wavelenéth region is

obtained from the plot for comparison with that of other

lines,
Spectrograplic Procedure

Aluminums:
The general method used for the spectrographic
determination of aluminum is that of Kvalheim (194%7) as

modified by Dennen (949), Ore part of sample (rock powier)

“liere dg 15 s palvanome el deilection for clear (Uhox-
posed)fiim, set at "1l00) transmissiocn", and d is the

measured galvanometer dellectlon,as percent transmission,
for a particular spectral line,
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1s mixed with one part SrCO3 and four parts. spectrographic
carbon. Although Dennen used 1/8Y % lmm (ID) x % mn
(Depth). électrodes, it is found more convenient to use
/8" x 2 mm x 1.5 mm electrodes Ultra Carbon type 2509),
Counter electrodes are of 1/8" diameter, sharpened to a
point (Ultra Carbon type 1992, or National Carbon type
4+036.)

Aluminum is a member of the involatile group of
elements, and, hence, all arcing must be carried to com-
pletion. (The involatile elements, in emmission spectro-
graphy, afé defined as all those elements which ‘Yemit
thelr maximum line intensity after the‘main phase of gl-
kali metal distillation has subsided," Ahrens, 1955),
Under the conditions used in this investigation,the Sam-
ple iscompletely ignited within 50 seconds, The internal
standard, too, must be comparatively involatile, and have

a similar distillation rate and excltation properties to

that of aluminum. Strontiwa not only satisfies these con-

ditions, but, present in the form of SrCO3, forms an ex-
cellent flux in the arc that ensures a steady quiet burn.
The spectral lines used (analysis pair) are:
ALl 2652.489 |
Sr 2931.830
Using these lines under the conditions described in Ap~

pendix A the range of concentrations that can be deter-
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mined is from about 2% to about 254 A1507. (If it is
required to determine amounts Less than 2%,itis a sinmple
matter to construct a working curve uilizing Al 3082,155,
~all other conditions remaining the Same. ) The working
curve is constructed by using Hational DBureau of Standard
sample Noe 70,"Feldsparﬂ*with an Alp0Oy content of 18,03%
This is diluted wlth crushed pure’quartz crystal to give

the following concentrations:

Sample Quartz. %A1203
1 to C 18.03
1 to 1 9,01
1 to 3 4o 50
1 to 7 2.25

The curve obtained from thes ¢ concentrations is tested
with U.S.G.S. Standard Granite Gl, and National DBureau of
Standards sample Mo, lay WArpillaceous Limestone.* The

41503 contents of these samples ares

Gl 14.23% AL,04 (#ilby and Leininger, 1960)

la 4,165 AlpOy  (He Do Sy 1931)
The resulis show the curve obtained 1n this manncr is sate
isfactory. The final working curve, & plot of #Alo03
versue line intensity ratio of the analysis palr, can be

seen in Figure 9.

Tivailable Lrom the NebeS.y dashington, DoCo
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Attempts to plot U.5.G.S5. Standard Diabase W1 on
this curve give consistently high results. This working
curve cannot, therefore, be used for low silica, high
ferromagnesian roclks,

Replicate arcings of granite Gl are used to test
the reproducibility of the method,as shown in Table Vi,
A relative deviation of 5.8% is obtained. This compares\
Favorably with the results obtained by Ahrens (L955) with
a relative deviation of %.7%.

Complete details of the arcing procedure are given

in Appendix A,. 0

Galliwms

Gallium is one of the volatile group of elements
(although the least volatile of the group), and distills
during the early part of the arc burn, The volatile ele-
ments are defined as those tlut completely volalize before
the total volatization of the alkali metals (Ahrens, 1955)

Bell (1953 determines gallium by using Ga H1l72.0%,
the most sensitive gallium spectral line., This line falls
within the interference range of ths CN 4216 band spectrum
and is usually completely masked, However, since the al-
kali metals suppress CN). band emdission and galliun 1s more
volatile than the alkalis,Ga Y172 can be used 1f burning
is limited to the period of allali distillatdon. This me-

thod was examined and tested inthe present investigatia,
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but could not be used, duz to the low dispersion” of the
instrument employed which resultsin interference from Fe
4172.127,

The next most sensitive galliwa line, Ga 4032,.982,
invariably has excessive interference from ln 4.033,073 in
all rock, soil and mineral samples.

L line much less sensitive than those referred to
above, but comsonly used in spectrochemical analysls, 1s
Ga 29%30637. This is the spectral line used for the de=-
termination ongallium in this investigation. Altnough
the M.I.T. wavelength tables list the relative intensity
of this line as “1O" (compared to "2000" for Ga %172 and
41000% for Ca 4032), fhrens and Taylor (1961) assign the
value of "100M as the line is sensitive enough for any
trace analjticél worlke

In almost all galliwm determinations, Iindium 1s
used as the internal standard. It i1s volatile, has lines
with excitation properties similar to, and near those of
gallium, and has an extremely low concentration in sili-
cate rocks, well below its detection limit (Ahrens, 1955)¢
The analysls pair used iss l

Ga 26k

3]

+637
-5' «09

(OS]

[@)

(1

W

iinear dispersion is celined asdlf, where . dl is the se-
paration on the photographic plate of two neighboring lines
differing in wavelength by di.
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The indium 1s added to the rock powder as 5% K580y, con-
taining 0.133% In203w(The recormended amount of 1% K580,
containing 2%.1112039 as given by Ahrens and Taylor, 1961,
produces an indiun]ine too intense to read under the con-
ditions used. Ins03 from A. D. Mackay, Inc, New York).

Various attempts were made to establish a working
curve for gallium, A synthetic sample, to approximate
rock composition, was'prepared as follows:

forg
Ve

S10o 70

Fe203 3

Alp0y 10

K, 80y, -5 {(includes In203)
Na2003 5 ‘ |
CaCO3 L

MgO 3

(510, and 41505 'Specpure” brand from Johnson, Hathey,
London; all others "Baker Analysed" reagents from J. T.
Balker Co., New Jersey). To this, vafying amounts of gal»
lium as Gag03 (A, D. Mackay, M. Y.) were addedo

While a linear relationship is obtained for the
galliun concentrations, reproducibility was poor. Further-
more, in testing the curve wil: standard rock samples with
known gallium content, extremely low resulis were obtained.

Another attempt involved the dilution of U.S.CA&

Standard Granite 61, which contains 18 ppm galliwa (threns




and Flelscher, 1960) with quartz. Results were completely
erratice |
Much of the trouble is due to Si0 baﬁd spectira.
Therefore 1t was decided to rcemove much of the silica
prior to arcing, This involved treatment of the rock
crush with hydroflucric acid and evaporaticn to remove the
silica as silicon tetrafluoride. As both gallium and in-
dium fluoridé are involatile, there 1s no danger of loss
of gallium or indiws from the sample during the evapora=-
tion steps
A series of varying gallium concentrations is obe-
tained by using U.S.G.S. Standard Granite GL. This is
done in two ways: (a) by diluting G1L with quartz and
‘keeping the amount of Ingon addedgfixed,and;Cb)by varying

>3
the amount of Inp03 added to a fixed weight of Gl. Both

methods give corresponding results. The desilicified.

samples are mixed with spectrographic carbon‘in'ﬁw ratio
of 1:Ll. Flectrodes 1/8Y x Zmm x 3mn are best sulted for
the arcing of these samplegw No commerclal electrodes
with these dimensions are availalle,and 1/8% x 3mm x 0.3mn
electrodes Ultra Carbon type 5440 or National Carbon type
39795 are turned down on a ®Spec-Shaper" to the required
dimensions. The curve obtained from‘the desilicifiled
samples is tested with U.8.G.S5. Standard Dlabasc W1l con-
taining 16 ppm gallium (Ahrens and Fleischer, 1960),

showing satisfactory results,
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The final working curve for gallium is showﬁ in
Figure 10,
Replicate arcings of Gl, diluted l:l with quartz
and containing 9 ppm gallium, show a relative deviation
of %,1% (Table VIII),

Complete arcing detalls are glven in Appendix B.




RESULTS

Gallium Content and the Ga/Al Ratio

in Sedimentary and Source Rocks

Tables IX, X, and XI show the galliuu content
and Ga.l000/Al ratios for rocks from the Zuni, Gallinas,
and Hatchet Gap areas respectively.

Zuni Mountains Area:

The results from this area, the largest covered,
show that the galliwn content generally varies sympathe-
tleally with the aluminum content in both crystalline and
younger, overlying, derived rocks.

There 1s little difference, with the exception
of sample Z7, among the Ga,l00C/Al ratios of the various
granitic or meta - rhyolitic rocks, The average gallium
content is 13 ppm with a Ga.l0CQ/Al ratio of 0.19. The
corresponding figures for the overlying sedimentary rocks
are 8 ppm and 0.17. If only the samples taken from the
basal arkose are considered, that i1s, ignoring samples
9b, 9¢, and 9d, a (Ga.l000/Al ratio of 0,18 is obtained.
This slight increase in the arkose of the gallium content
relative to that of aluminum over that of the parent. source
rock is very close to the precision of ‘the.analyses and
more sampling is necessary to determine its significance,

The high value for the Ga.l000/A1 ratio in sample

27 may indlcate some sort of sedimentary content, or par-

I T
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tial sedimentary origin, for the "metarhyolite". Hydno~
thermal fluids, the presence of which is shown by nearby
fluorite mineralization, may, however, have affected the
original Ga/Al ratio, Sample Z13 is from what appears %o
be a sandstone inclusion in this type of rock, and has a

Ga«l000/Al ratio of 0e23.
The reversion of the Ga.l000/A1 ratio in strati-

graphically higher sedimentary layers to the value Ob-
tained for the crystalline rocks, indicates that any change
in thls ratio only occurs in the first derived rocks, Of
the four localities where basal arkoses were investigated
in this area, three show an increase in the Gal,1000/A1
value over the immediately overlain crystalline rocks,
and the fourth shows no‘change. Hydrothermal alteration
after deposition‘appears unlikely as a cause forthis ine
crease since the underlying rocks would be expected to

show a similar change,

Gallinas Area:

The area sampled in the Gallinas Mountains, though
-small, shows similar values for the Ga.l000/Al ratios as
those obtained in the Zuni Mountains, The granitic basew
ment contains 12 ppm gallium with a Gal,l000/A1 ratio of
0.15, while the overlying sedimentary rock contains 7e5
ppm and has a Ga.l000/A1 ratio of 0.17.

Hatchet Gap Area:.
The Ga.l000/A1 data from the basement granite supe

port the field observation that there are, in fact, two




(-
4
1

(o
b
hve

lLotciioet Uan L ch

conteat, &

- e b

ey U0/ A

M

- R LI -
P Congs

Jxluj

ok pom G Ga.Lt00u/4aL
YU O o] ie 0,19
4,03 0,20 v, OelY
) 0,28 . 0oLy
S 50 O/ et O L

ﬁALEQ3
1Yk

FLEN

ne

oY
Ll

ST
FEP

30

Noodd o

i._.‘
o
-

\r.

U.0%.

o
A
C
€
(@]
—

0.795
.H‘v f)k) 09311"‘)- 9

0.2

397

e

nY
PR

N Sy
NEN ap

[9¢}
[ o)

Les

Mo, #®ot dotucued.

p—— |




]S

o

ANLAERER PER INTER VAL
o
T

2 L) .. . ro

2 4 re

% A/

FIG 12 FREGUENCY DISTR/BUTION FOR AL UNKTIN /AT
A NEW ATEX/CO GRANITES

AUAPBER PER JNTERVAL

~~G /Y

/o

2 ’4 78 78 20 22 FL g

6

ppo Ga

ARECQUENCY L/577 RABUTION FOR GALLILAT

N MNEW MEX/CO

GRAAMITES



-32m

granites in the area'sampled. Sample 1, characteristi-~

cally different from the other granite samples, has a gal=

1ium content of 18 ppu, and a Ga.l000/AL ratio of 0422, as:

compared to the average values for tne rest of 24 ppm amd
0s324

The figures show little relationship between the
overlying sandstone, with a (Ga.1000/41 ratio of 0.20, and
the basement granites. A method for decreasing the Ga/Al
ratio in the sedimentary rocks cannot easily belpostu-
lated, and one must conclude that the source rocks are
not the underlying granitic masses.

The Gallium Content and the Ga.l000/AL
Ratios in New Mexico Granites

A total of twenty-four granite samples from the
State of New Mexico, whose locations are shown in Figure %,
were anal&sed for aluminum and gallium. The samples are

desceribed in Table VI, and resulis are given in Table XIl.

The gallium content of the granites i1s remarkable

for its uniformity, the concentration for 22 samples varying‘

from 11 ppm to 16 ppm, with one sample containing 18 ppm
and one 2% ppm. This, of course, agrees with the results
for Canadian granites (Ahrens, 195%), as shown in Figure 2,
The frequency distribution plot for gallium in the New
Mexico granites, as éhown in Figure 11, differs from pre-

vious work in showing definite positive skewness (as op-
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posed to the normal distributlon shown by Ahrens,(l95%)..
This skewness is further emphasized by the frequency dis-
tribution plot for the aluminum (Figure 12), which shows

normal distribution.

The Ga.l000/A1 ratios for twenty - three samples
varies from 0,13 to 0,23, with one sample at 0,32, This
frequency distribution plot is also positively skewed
(Figure 13).

It appears that there is some mechanism for the
control of the gallium content in the production of gran-
ite, or granitic magms, that operates independently of the
aluminum concentration. Iron (III) may have some influe
énce due to its ionie size (0,67 K). The fact that gal-
lium is slightly chalcophilic nay be a factor, but such

an effect, judging from the 1iteratufe,is believed to be
slight. Rooke (1964) suggests that sodium may also have

a slight influence on the gallium concentration,.

A factor that may explain the skewness in the fre-
quency distribution plots is the possibility tha.t the
granites may have been formed by wo completely different
processes, that is "igneous'" and "metasomatic", The gran-
ites examined by Ahrens (L954) appear to be of unquestion-
able igneous origin, If, however, some granites of sedi~
mentary origin with different Ga/Al ratios are included

in such a frequency distribution plot, skewness may well

result, Before any definite conclusions are drawn, howw

ever, many more granites should be Investigated.




w35~

Samples 13, H4, H5, and H? from the Hatchet Gap
area, show an average galliwn content of 24 ppm and a
Ga,1l000/AL ratio of 0,32 for this granite, These values
are exceptionally high when compared o the other granites,
and may indicate a different and quite unique origin for
this particular rock, If this granite is sedimentary in
originthe figures indicate extreme fractionation of gal-
lium and aluminum in the original sedimentary process,
Such fractionation could occur in moderately acidic or
alkaline waters,

The Ga,l000/A1 ratio may Possibly be used for.
correlation purposesin granites. Sample Grl2, tentatively
identified as Embudo granite, has a Ga,l000/A1 value of
0.18, while the Embudo granite, urll, has a value of 0,16,
These values fall within the precision of the analysis,
Compared to this are the two granites, Grl5 and Grl6,
sampled close together in the Ladron mountains, with Ga,
1000/A1 values of 0.19 and 0.13 respectively. As noted

in Table VI, these granites are also mineralogically dif-

ferent, Both have the same gallium content of 12 Ppm,e -




CONCLUSIONS AND RLCOMMENDATIONS

Results obtained in the Zunl and Gallinas arecas
suggest that some fractionation of gallium and aluminwn
may occur during the formation of arkosic rocks from a
pre = existing igneous source, If such fractionation 1s
generally true, the Bliss Sandstone in the Hatchet Gap
area has not been formed from the immediately underlying
granite.

The frequency distribution plots of the gallium
an d aluminum contents of the granites from New Mexico
suggest that some mechanism other than aluminum content,
such as different origin, variationin mineral composition,
or association with other ions, may determine the distri-

bution of gallium,

It is recommended that as many granites as pos-
sible be investigated in the manner describedin order to
obtain sufficient data. for more precise statistical con-
c¢lusions. It is further recommended that the gallium con-
tent in granites be compared to that of other ions such
as iron (III) and sodium so that the variation of gallium
with other major ions in granitic rocks will be better

defined. A complete petrographic study of the granites

here analysed will be of value,
Chemically, there exists.a need for more accurate

and reliable data on the solublilities of gallium and al-

uminum under varying conditions of pH,
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APPENDIY. A
Spectrographic Analysis of Aluminum

Electrodes: Lower, 1/8" x 2mm (ID) x 1.5mm (deptn)
Upper, 1/8" solid, sharpened, |

Anount of sample: Lower electrode llled, tamped in firsly,

Arc gap: 6 mm

Rotating sector settings 6 9

S1lit: 50 mierons

Current: 7 amps

._Voltage: Approximately 40 volts ;59

Period of preheat: 9 scconds deadshort.

Period of burn: 50 seconds

Film: Kodak Spectrographic Number 1

Developer: Kodak D19, % and 1/2 minutes |

Quick=-stop: 1,84 acetic acid solution, 15 secconds

Fixer: Hypo, 5 minutes

Wash: 15 minutes in running tap water, final rinse in

distilled water
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APPLENDIX B

Spectrographic Analysis of Gallium

Blectrodes: Lower, 1/8" x 3mm (ID) x 3um (depth)

Upper, 1/8" solid, sharpened

Amount of sample: Lower electrode fllled, tamped in [imiy

Are gaps 6 mm

Rotating sector setting: 30 to 40%

50 microns

Current: 7 amps

Voltage: Approximately 40 volts

Period of preheat: None

Period of burn: To end of alkali volatization plus 5

seconds, (Coampletlon of alkali vola~
tization indicated by sudden dropn 1n

arc gap current)

Film and developing: As for aluminum
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