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March 1, 1971

MEMORANDUM to R. J. LACY:

GEOCHEMISTRY OF IGNEOUS ROCKS
AS AN ORE INDICATOR =~

RUBY STAR GRANODIORITE,
SIERRITA MOUNTAINS, ARIZONA

Introduction:

In accordance with an agreement reached with Mr. Saegart (my memor-
andum of October 5, 1970), Mr. J. King of the Tucson Office recently
collected rock samples for the preliminary phase of an investigation of
the value of the geochemistry of igneous rocks as an ore indicator.
These samples, which were obtained from the Ruby Star Granodiorite, ad~
jacent to the Esperanza and Sierrita Mines, Sierrita Mountains, Arizona,
supplemented an earlier comparable program carried out by the U.S,G.S.
The Asarco study was designed to enable verification of the encouraging
U.5.G6.S. data, relating to the distribution patterns of Cu in biotite,
and, at the same time provide a preliminary opportunity for determining
optimum sampling and analytical procedures.

Biotite concentrates from the rock samples were prepared and sub-
sequently analyzed (by X-ray and emission spectrographic techniques) by
the Colorado School of Mines Research Institute (CSMRI). The Geochemi-
cal Laboratory was unable to make the necessary mineral separations be-
cause of current building and remodelling activities. However, it did
prove possible to carry out various analyses of the biotite concentrates
and rock samples.

The CSMRI is currently making a limited study to determine whether
it is both possible and economic to carry out the necessary chemical
analyses of biotite with an electron probe and thereby enable avoidance
of the mineral separation phase of this type of program. The results of
this study should be forthcoming in the near future,

Conclusions and Recommendations:

1. The present limited study has successfully verified earlier U.S.G.S.
data which demonstrated the presence of a well defined increase in the Cu
content of biotite in the Ruby Star Granodiorite as genetically related
Cu deposits are approached. This geochemical halo likely has a radius of
some miles.

2. The presence of a poorly defined weak halo of Zn impoverishment is

“also indicated by the biotite data.

3. Chemical Studies indicate that the Cu (but not the Zn) content of
the biotite is likely mainly in the form of small sulphide inclusiomns,
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4, Analysis of composite rock samples indicates the presence of a
broadly comparable pattern of Cu distribution to that in biotite but it
is less consistent and of lower overall contrast. Of considerable in-
terest are the Mo distribution patterns in the rock samples as they in-
dicate the presence of a broad (i.e. some miles in radius) halo of Mo
enrichment around the Cu deposits.

5. It is to be concluded that semi~quantitative spectrographic and
x-ray fluorescence analytical data (or at least those obtainable from
(CSMRI) have so far been of little value. It is advisable to place main
emphasis on more precise A.A. and colorimetric analytical techniques.

6. Sufficient encouragement has been achieved in the present study to
warrant additional orientation rock and mineral studies of other suit-
able areas--preferably in continued close cooperation with the Tucson
office. Development of a viable ancillary exploration technique employ-
ing bedrock geochemistry to help recognize plutons genetically related
to Cu mineralization and as a geochemical guide to deposits in such
plutons would be of considerable potential value in certain situations.

7. Recent published data (in particular Putman & Alfors - Geochemistry
and Petrology of the Rocky Hill Stock, Tulare County, California, by
George W. Putman and John T. Alfors - G.S5.A., Special Paper 120, 1970)
indicate that sampling procedures are an extremely important factor in
this type of study. Putman and Alfors in fact have reservations as to
the value of mafic mineral analysis in exploration since their studies
indicate that the variability of the Cu content of the ferromagnesium
(and metallic oxide) phases of granitic rocks are relatively high and
relatively steep gradients in the Cu content of these phases appear to
exist on a very local scale. In our present study use of large composite
samples has possibly helped minimize such problems--the forthcoming
electron probe data will be of particular interest in this context.

8. It is essential that petrologic and mineralogic studies should be

included in any continuance of the rock geochemistry program. Without

the resultant data adequate interpretation of the geochemical data will
not be possible.

9. If favorable results are achieved from additional orientation
studies a general careful investigation of all available relevant pub-
lished data should be undertaken before any large scale attempts to
apply bedrock geochemical studies as an exploration tool. Copies of
many of the recent relevant papers are attached to the Tucson office
copy of the report (Attachment E).

Geology of the Study Area:

The geology of the study area is described in the paper "Copper
in Biotite from Igneous Rocks in Southern Arizona as an Ore Indicator''--
U.5.G.S. Professional Paper 700-B, B1-B8, 1970, (See Attachment C).



Sampling Procedure:

Rock samples were collected from eleven stations located at up to
5 miles distance from the Sierrita and Esperanza Mines. (Fig.l) Loca-
tions were influenced by the availability of relatively unweathered out-
crop but it proved possible to obtain a reasonably satisfactory prelim-
inary coverage of granodiorite (including the porphyritic '"core'.)

At each location a large (i.e. around 2 - 5 lbs.) single fresh
sample was collected together with a large composite (around 10 1bs.
weight) composed of fresh chips from a 50 - 100 ft. radius around the
station. It was hoped that these samples would enable both the large
and small scale homogenity of trace distribution element in rock and
mineral separates to be determined.

Analytiéal Procedure:

In this preliminary phase of the study chemical analyses were con-
fined to biotite separates and rock samples. The biotite separations
were obtained by the procedure described in Mr, James M. Link's (CSMRI)
letter of January 15, 1971 (see attachment A). This procedure probably
provides an adequate concentrate for our present study.

In- order to obtain a general indication of any major variations in
geochemical distribution patterns (and also obtain some general indica-
tion of the quality of analytical service provided by CSMRI) the biotite
samples were analyzed by both semi-quantitative emission spectrograph
and x-ray fluorescence techniques by the Colorado School of Mines Re=-
search Institute. In addition the Geochemical Laboratory analyzed
biotite and total rock samples for Cu, Pb, An and Mo using A.A. techni-
ques following both total and partial digestions. The partial digestion,
which involved application of hydrogen peroxide in the presence of ex-
cess ascorbic acid, enabled preferential leaching of any sulphide min-
erals present. The Geochemical Laboratory also analyzed the rock samples
for Hg.

Geochemical Data - Biotite:

The emission spectrograph analyses generally provided (except in
the case of Cu and Mo) '""Ball-park" figures for Cu, Pb, Zn, Ba, Co, 1In,
Mn, Mo, Ni, Sr, Ti, Zr and V concentrations (See Attachment B). Only
Cu concentrations display distribution patterns which can be correlated
to the presence of the known major mineralizations., (Fig. 8a).

Of the elements determined by x~ray fluorescence (Cu, Pb, Zn, Ba,
Br, Cr, Fe, Mn, Ni, Ru, Sr, Ti, Zr, V and Y -- Figs. 8a through 80) only
Cu, Zn, and Zr display distribution patterns which can be related to the
presence of the mineralization (Figs. 8a, 8c and 80). Cu and Zr concen-
trations appear higher in proximity to the mineralization whilst Zn con-
centrations display a weak roughly inverse relationship.
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Comparison of the emission spectrograph, x-ray fluorescent and our
own A,A. data indicates that the two former sets of data are at best
likely to be of relatively poor accuracy and precision. So for our pre-

sent purposes, it is advisable to restrict attention to the A.A. data,

The A.A. data for the total digestions indicates the presence of a
general increase in Cu and decrease 1in Zn concentrations in the biotite
as the mineralizations are approached (Figs. 2a and 4a). These geochemi-
cal patterns show far more contrast in the case of Cu than of Zn. The
Cu data broadly verifies that obtained previously by the U.S.G.S.
Patterns of Pb and Mo (Figs. 3a and 5a) distribution display no apparént
relationship to the presence of the Cu mineralization.

Partial extraction A.A. data gives broadly comparable geochemical
patterns for Cu and Pb but not Zn, to those obtained by total digestion
(Figs. 2b, 3b and 4b). Only the distribution pattern for partial Cu
(Fig. 2b) shows any apparent relationship to the mineralization. Of
potential significance is- the fact than an appreciable proportion (50 =~
100%) of the total Cu content of the biotites is extracted by the partial
digestion (specific leaching for sulphide) process used (Figs. 2c). This
indicates that much of the Cu in the biotites occurs in sulphide form =--
a conclusion in agreement with recently published studies of the Boulder
Batholith, Montana and Rocky Hill Stock, California. The Zn data does not
provide evidence of comparable sulphide affinity.

Geochemical Data - Rocks:

The composite rock samples have been analyzed for Cu, Pb and Zn by
A.A. techniques following both total and partial digestion (sulphide
specific leach) procedures. (Figs. 6a through 6e). Total Mo and Hg
were also determined by colorimetric and A.A, procedures respectively.
The distribution patterns of both Cu and Mo (Figs. 6a and 6d) show a
distinct relationship to the presence of the known mineralization, both
display a general increase in concentration as the mineralization is
approached. However, the Cu distribution pattern is not so well defined
as that of the biotite separates.
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CoLorADO ScHooL ofF MINES RESEARCH INSTITUTE
P.O. Box 112
GoLDEN, CoLorAaDO 80401

January 15, 1971 %EEHVED

CSMRI Project No. 301217 JAN 18 1971 REFER T

GEOPHYSICAL
EO‘\H‘%\ON

Mr. Lloyd James

Geophysical Division

American Smelting and Refining Co.
3422 South 700 West

Salt Lake City UT 84104

Dear Lloyd: e

Attached are Xerox copies of data sheets for the x-ray fluorescent
analyses of the biotite from samples which you submitted to us. We
are progressing with the emission spectrographic work and I hope
to have the data for you late next week.

We short-cut the U.S. G. S, procedures shown in PP 700B Our
method for separating the biotite was as follows:

1. Jaw crush sample to -6 mesh.
2. Roll crush to -20 mesh.

3. Disc grind to nominal -65 mesh. Biotite flakes will not
grind as easily as granular minerals and with a little
effort a biotite concentration is made on the screen.

4. Sink-float bictite concentrate in TBE (S.G. 2.95).
5. Blend and split washed biotite.

6. Ring grind biotite for analysis.

I trust the foregoing description will be adequate for your purposes.
If you have any questions, please contact me.

Sglc% erely,

S~ ’N/’/C/ £ b e 4 ) ,.// ‘{ /:., /
7 T

James M. Link
Manager
Mining Division
JML::ebm
enclosures

Mineral Industry Research



. SAMPLE:301217 RS-1

NOTE: Tho valuas below are entimated perceniages tor
the meta} equivalernt of the indicated elementa. Na
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@ 301217 35 check was o o S et dement. Yo
. than 22 (below n’tanium,; e b comi Busbess Leas
Copper 0.086 i Jron 12, ) Lanthanum
Silver " Cobalt "+ Cerium
Gold ~ Nickel 0,015 Praseodymium
Zinc 0.053 _ . Cesium S Neodymium
Cadmium - Rubidium 0.19 Samarium
Mercury. Barium _ 0,37 Europium
Gallium Strontium. 0,006 Gadolinium
Indium " Titanium 1.5 — - Terbium
Thallium Zirconium 0.055 - Dysprosium i
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Copper 0,043 Iron 12, Lanthanum___ 0,020
Silver Cobale Cerium 0,053
'.' Gold Niclcel 0,015 Prascodymium
Zinc 0.055 Cesium. Neodymium
Cadmium Rubidium 0,19 Samarium
Mercury Bariam 0.22 Europium
Gallium . Strontium 0.003% . Gadolinium
Indium Titanium 1.6 Terbium
| Thallium Zirconium 0,070 Dysprosium
Germanium " Hafnium Holmium
" Tin : e Thorjum w s Erbium’ ‘ ‘
"Lead ‘ ‘O°OO9:, Vanadium 0 050"7‘"“ <.:_Thulium I
' Arsenic. ' . " Columbium 0.009 .Y'tterbium L o
Antimony__-___ Tantalum S ‘ :.bLutetium
" Bismuth e : Chromium ‘ 0,023 . ,.;,'C.V‘Y»Yttrium 0.03%0 -
Selenium. Molybdenum. - . o
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Bromine 0. 055‘.‘;; Usranium. o ’
C lodime o " Mancanese  n 0,36 s et TGS
[ MPLE 301217 RS-k 25 {hetom ey OIS B Jed
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Cadmium Rubidium _ 0,29 "is%  Samarium
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Gallium Strontinm. 0,006 Gadolinium
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Thallium ' Zirconium Q0.0L7. Dysprosium
Germanium _ Hafnium Holminm
 Tin ... Thorium , el _ Erbium - T
T Lead 0.018 +%: 1 Vanadium_ 0,042 *¢ % Thulium o
"'ﬁ.:senir - - Columbium ‘ 0 OOC)‘ fYtte‘_rb'inrp -
Antimony - Taptalom . Lutetiu :
. Bismuth S— ‘Cm:ommm : Q. OZO Yrtrium- = 046
Selenium - "N"oAybdenum . 0.002° -
0.016

T CANMPLE: S0L21Y RS-

W0 SLUIUL U7 Ul Zu T 0T U e

check was marde for cln'ncma with atomic nmn.bcra leza

than 22 (below titanium),

- Tellurium

. Bromine.

Todine

 Uranium

; Tungsten

e e d



M et wwew e e deea s RS s e

>

2w gtin Ll

the metal cqurmlvnt ol the Lndxcc'cd elcmu.u Ha
check was macle for elements with alomic numbers lezs

0.026" -

~—

the metcl equivalent of the indigccted elements. Na
check was made for elements with atamic numbers Jazs

‘Iodine

SAMPLE: 301217 RS-5
than 22 (below tianiug),
Copper 0,014 Iron 12. Lanthanum
Silver Cobalt 0.004 Cerium
- Gold Wickel 0,013 Praseodymium
Zinc 0.067 Cesium Neodymium
Cadmium Rubidium 0,17 Samarium
Mercury. Barium 0.29 - Europium
Gallium - Strontium 0,012 Gadolinium
Indium. Titanium 1.5 Terbium
Thallium Zirconium 0.036 Dysprosium
. Germanium S Hafnium . 'Holmium.__
CTin____ % Thosium “Erbium
" -I.ead O°008:.."’5 : Vanadmm v Oooso g ' Thulium
- rsenic. | ) Columbmm e _ | Ytterbium
. Antimony. Tantdum : _ Lutetium
Bismuth Chrommm ' ' A.:’“O°008 a " Yitrium
Selenium Molybdenum | ' ‘
Tellurium | ; S Tunﬁsten
Bromine___ O 07 ‘i Uramum
_lodine __ - ’Wanganese_____ﬁ_‘,,_ﬁé__ S
1x: 301217 RS~6
s than 22 (below titonium}, N
Copper 0.052 . Iron 16, ... Lanthanum
Silver R Cobale 0,003 " & Cerium
Gold_ MNickel 0.027 Praseodymium
Zinc_ 0,11 - Cesium Neodymium
Cadmium i Rubidium - 0,19 Samarium
Mercury. ‘. Barium : 0.320 Europium
Gallium Strontium 0.003 Gadolinium
Indium ' Titanium 1ok Terbium
Thallium Zirconium 0.035 Dysprosium
. Germanium_ " Hafnium__ " . Holmium_
“Tin : 5 iwf'ThOrium.“ - y ) -
Lead 'Q- 035" | Vanadium_ 0. O'ﬂg
" Arsenic. - : ";'Columgium 0. OQ‘?
‘Antimony_ : Tantalum o
Bismuth " Chromium. . 0,034 "
Selenium ;"".. Molybdenum'l S
Tellurium Tuagsten ‘
Bromige 0.025 .- Uranium

" Manganese__.___




-

the metal equivalem of the indicated olnmqrrﬁ.;. Ho
check way made [or elements with atomic numbers Jasg

“

St e

' Erbium

.. Thulium 3 e

" Lutetium

< Yttrium

than 22 (bolow titanium),

Lanthanum

Cerium

Praseodymium

Neodymium

Samarium

Europium

Gadolinium

Terbium

Dysprosium

4 Holmium :

- . Ytterbium.__

NOTE: The values below Gre @siMOien ot Ut iimy oo™ it mm—————

the metal ecuivalent of the indicated slements. Na
check was made for elements with atomic numbers less

than 22 (below titanium).

] SsaaMCLer SULZ L Rs -/
- Copper 0,046 Iron_ 11,
. Silver Cobals 0,004
. Gold Nickel 0,015
Zinc 0.076  Cesium
Cadmium Rubidium 0.21
Mercury Barium 0,31
Gallium ' Strontium 0.012
Indium Titanium 1.1
Thallium Zirconium 0,022
Germanium Hafnium
Tin Thorium._ - R
‘ Lead - Vanadium 0.050 ‘
. Arsenic ’ "'-‘_"_Columbium . )
' ‘Antimony _ Tantalum |
‘Bismuth ; Chromium - 0,018
Selenium "‘: MolybdenumA ' Co
Telluriuni Tungsten____ i
‘Bromine__ 0.32 S Urapium
. Todine_ : ‘- Manganese - 0.43
@-ciE 302217 RS-8
o Copper. 0,078
Silver " Cobalt
Gold ' Nidkel
Zinc 0.050 B Cesium
Cadmium  Rubidium
 Mercury Barium
- Gallium trontivm
Indium Titanium
Thallium Zirconium
- - Germanium — L Hafnium
Tin - . : Thofiurﬁ i
" Lead 0.039 ‘Vanadium
‘. Arsenic. IR ‘Céiumbium
Antimony. iiTantalum :
© Bismuth ' '»'.'fj' L Chromium -
. . Selenium I,Molybden-um' e
Tellurium o : v',-vTungsten S
 Bromine 0.029 -+ » Uranium
Iodine__ e N

‘Holmium

Yteerbium 1
~Lutetium

Yetrium__

Lanthanum

Cerium

Prasecdymium

Neodymium

Samarium

Europium

Gadelinium

T(ﬂ'bium

Dysprosium

Er bium

Thulium._




st mseann

PUSSUUTIPNY SSRRDION IIUDE PN

ot s in o e

RS-9

OROCK Was M 1or iginoils Wit QLOINIC LUINLGIE Ed

- Jodine.

T SAMPLE 301217 than 22 (bolow titantum,
Copper 0.12 Iron 12, Lanthanum
- Silver - Cobale_ 0,004 Cerium
. Gold Wickel 0.020 Praseodymium
Zinc 0.049 Cesium Neodymium
Cadmium Rubidium 0.23 Samarium
Mercury. Barium 0.3%2 ‘ Europiu m
Gallium Strontium 0,007 Gadolinium
Indium Titanium 1.6 Terbium
Thallium Zirconium 0,045 Dysprosium
Germanium : ‘Hafpium " Holmium
Tin * Thorium, - ., Erbium
Lead - "Vanadiom 0.034 . “Thulium:
Arsenic " Columbium v “ '”Of Ol‘O‘”: :‘I’V.,’FYtterbiurrL~ .
Antimony u:::‘Tantalum B o Lutetium ' Coe
Bismuth | Chromium : 0,018 . Yttrlum | — ‘ - 0.040- .
Selenium _ Molybdenum’ 0.15. - : el
" Tellurinm - - -'-'{"“"Tungs_tvn
Bromine 002 " Grainm _ e
) Iodine » 'Maﬁgan:es'e( e O.; 33
@ oix 301217 el o ml;?m:‘ﬁ“ N
than 22 (below titanium), omie numbers Joas
Copper. 0.15 - Iron Lanthanum
Silver Cobalt_ " Cerium
Gold Nickel Praseodym.iu-m
Zinc_ 0.032 Cesium Neodymium
Cadmium Rubidium 0,17 Samarium
Mercury Barium 0.%5 Europium
Gallium Strontium 0.002 Gadolinium
Indium - Titanium 1.5 - Terbium ’
Thallium Zirconium 0,026 Dysprosium
- Germanium Hafoium ..., Holmium
. “Tin e u%‘,ThO-rium o ‘(:’,.v'_Erbium ’ . - "
. ,":."‘ Lead | O_"OOB- | :'__._':Vanadium Oooﬂat.' Thulium -
- ;f_i;,,‘: Aﬁsenifé SR - Columbium RN " Yeterbium.
- Antimony. 'j.‘j‘Ta‘nfaIuvm S o "Lutetium. ) o
. - Bismuth Chromium__ 0.055" Ytt}:li{lnﬁ"_' 0.023 " -
®  Selenium. " Molybdeswm e L
Tellurium S _;U;_Tungsten _A o
Bromicne , 0, Ql7 .. Uranium_ ' -




NOTE: The values below are estimated percentages io
the motal equivalent of the indicated elements.

chack was made for elemonts with atomic numbess legs

than 22 (below litaniuml

13‘» “° Lanthanum

. Cerium

Prascodymium

Neodymium

. Samarium

RS-11 :
0.011 Iron
+ Cobalt
v : : ; Niclel
Q°047 S ‘ il;.': Cesium
- Rubidium
- ~ Barium

- Europium

. Gadolinium

. Serontium

- . Titanlum

.. Terbium

" Thallium

" Dysprosium,

e Zirconium.

Na

G¢rmazﬁium L Hafnium_- .Holmium
;- Tin : ',':A-'f"_,'Thorium o Erbium
Lead Of’ 016 . w Vanadium Thulium
Arsenic . 'l H-__Columbiuni “ Ytterbium
- Antimony. 7 Tantalum '_ . ' Lutetium
Bismuth < Chromium . 0,039 - "."‘VYttriun.':' " 0.026 .‘
Selenium ; - Molybdenum R ' o
© Tellurium .‘_A.Tung’sten N
' Bromine 0,018 « -, Uranium 0,007 “ =
Yodine__ - " Manganese_ 0.28 - '

PSS —
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Cororapo ScHooL ofF MiNES RESEARCH INSTITUTE
P.O. Box 112
GoLpEN, CoLoraDO 80401

January 28, 1971 ‘?Em{
FEB b Ea’:l
CSMRI Project No. 301217 Z 797
G,
S?PH)’S/ /
V/S/O/VCAL

Mr. Lloyd James

Geophysical Division

American Smelting and Refining Co.
3422 South 700 West

Salt Lake City UT 84119

Dear Liloyd:

Enclosed are Xerox copies of the emission spectrographic analyses
of the biotite samples. If you have any questions regarding these
analyses, please contact me.

We are returning the samples under separate cover. The biotite
splits are being forwarded (air mail parcel post) and the bulk re-
jects are being sent air freight.

We have retained several grams of biotite from a few of the samples
for our probe work. We would suggest that you allow us to examine
these samples to determine the variation in copper content from
grain to grain, as well as the variation or zonation within the grains.
If copper content is uniform enough it might well be cheaper to per-
form the analyses on polished sections in the probe. I would esti-
mate that this work would cost an additional $350 to $450. This
should allow us to examine enough grains to determine whether or
not the copper is actually uniformly distributed and also to estimate
a cost per sample for routine analysis.

Mineral Industry Research

S S i P o L



Mr. Lloyd James

American Smelting and Refining Co.
January 28, 1971

Page 2

I realize that it will be several weeks before you are able to reach
a decision regarding the probe work, but I will be looking forward
to your authorization for the work to proceed.

Sincerely,
- /. ,
e s A e
e
S _
i James M. Link
Manager

Mining Division

JML:ebm
enclosures



COLORADD SCHOCL OF MINES RESEARCH FCUNDATION, INC.

Golden, Colorado
ANALYTICAL LABO_RATOR‘[ REPORT

Figures are percentage estimaies

30?2/7

Lao. No. s *S(O 7 Project No.:
Samaple Nou RS-/ Sponsor: Lor2 /7
o —. .
Leb. Group No 777 4 Project Engineer: ,/? Crs </
Doescriplicn Date Submiited: [ = FO -7/
f= 19 Aluminum . \)"’ MC”.V; oV iron pol-, D/ Strontium
Antimony Lanthcnum Sultur
Arsenic <, 0‘/ Lead Tantalum
MNP Barium Lithium Teliurium
Beryilium Lutefium ‘ Terbium
Bismuth /=70 Magnesium Thatlium
Eoron p4——, 5T Manganese Thorium
Sromine Mercury Thulium
Cadmium o~ 0hN Molybdenum Tin
ST &7 Calcium Neodymium S5 Titanium
Cerium 2] - 10 Nickel Tungsien
Cesium Osmium Uranium
Chromium Palladium AL T o/ Vanadium
R kA Cobali Phosphorus . Yterbium
Cofumbium Platinum {oz/fton) Yhirium
L, e Copper Potassium e, B Zinc
Dysprosium Praseodymium L2047, 28 Zirconium
Erbium Radium
Europium Rhenium
Gadolinium Rhodium
Gallicm Rubidium
Germanium Ruthenium
Cold {ozfton) Sarnarium
Hafnium Scandium
Helmivm Selenium
ey Indium o 22 Silicon
Iridium Txacy Silver (oz/ion)
REMARKS




COLORADO SCHOOL OF MINES RESEARCH FéUNDAT!ON, INC.

Golden, Cclorado

ANALYTICAL LABORATORY REPORT

Figures are percentage esiimates

Leb. No i Fo ¥ Project No.: ?0 4 ;L/ /
Sample No //\7 S - :)\ Sponsor:
izh. Group No P 7-2/ Project Engineer:. ‘///ZAZJ/‘C/
Description: Date Submitted: Lo 20 - 7 /
S -5 Aluminum . S MG'V; o v fron L D '7,/ S’:ronﬁumh
Aniimony Lanthanum Sulfur
Arsenic L ,/7‘/ Lead Tantalum
oA . 24 Barivm Lithium ’ Tellurium
Beryllium Autetium Terbium
Sismuth I~ 10 Magnesium Thallium
Soron a.d—=5? Manganese Thorium
Sromine Mercury Thulium
Cadmium o D03 Molybdenum Tin
N Calcium Neodymium L 5 Titanium
Cerium 248 = 30 Nickel Tungsten
Cesium Osmium Uranium’
Chromium Palladium D) 0. Vanadivm
nnle 7 Cobalt Phosphorus Yiterbium
Colurabium Platinum (oz/ton) strium
— L SO Cooser Potassium ,9 T 5 Zinc
Dysprosium Praseodymium w228 8T Zirconium
Erbium Radium
Europium Rhenium
Gadclinium Rhodium
Caltium Rubidium
Gormaniurn Rutheniom
Gold (ozfion) Samarivm
Hafntum Scandium
Helmium Selenium
T2 Indivm 1=/0 Silicon
lridium Ty Silver {oz/ton)
REMARKS
:
Py
Sianed: e :fv./&“‘w:{i-ft Date: “}"’ 2o w




COLORADO SCHOGCL OF MINES RESEARCH FOUNDATION, INC.
Golden, Colorado

ANALYTICAL LABORATORY REPORT -

Figures are percentage estimates

Desceription:

Project No.:

Zo/F 0T

Sponsor:

Project Engineer:

Date Submitted:

/’Zc//a/

/= FO -7/

i=10 Aluminum =M ‘J. ¢ v lron Laal=, 2/ _ Strontivm
Antimony ‘Lanthanum Sulfur
Arscnic L,/ Lead Tantalum
O35~ 08 Barium Lithium Tellurium
Beryllium Lutetium Terbivm
Bismuth =10 Magnesivm Thallium
Boron g.d =h0 Manganese Thaorium
Bromine Mercury Thulium
Cadmium o, PO S Molybdenum Tin
| =/ Ccleium Neodymiura oy Titanium
Co Ceriom B el W /) Nickel Tungsten
. Cesium Osmium Uranium
Chromivm - Palladium 2l =1/ Vanadium
LDt ) Ccbalt Phosphorus YHerbivm
Columbium Platinum (oz/ton) Yitrium
e 27 Cogper Potassium . D=, &7 Zinc
Dysprosium Praseodymium L2857 (BN Zirconium
Erbium Radium
Europium Rhenium
Cadolinium Rhodium
Gallium Rubidivm
Germanium Ruthenium
Gold (oz/ton) Samarium
Hafnium Scandium
- Holmivm Selenium
20127 jndium WAL Silicon
Iridivm WAV Silver {oz/ton)
REMARKS
]
: 3
’ Sigred: \67 .)l"\l‘//yf/"“‘//? A Date: l/‘—‘ DD 91/
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Semple Nou

COLORADO S5CHOOL OF MINES RESEARCH FOUNDATION, INC.

Golden, Colorade

ANALYTICAL LABORATORY REPORY

Figures are percenlage estimates

Tosr 2l 7

Project No.:

.. Sponsor:

//Zal/c/

tab, Group Noa Project Engincer: .
B I g

@ 7-7/
V S 2o - 2

Description: - Date Svbmiited:

/

: ~-.5 - 3.C Aluminum D =My Iron . 0/, ) Strontium
Antimony v Lanthanum Sulfur
\rsenic L o) Lead Tantalum
eV, Barivm Lithium Tellurium
Berymum Lutetium Terbivm
Bismuth je=10 Magnesium Thallium
Boron — e L0 Manganese Thorium
EBromine Mercury Thulivm
Cadmium ., O Molybdenum Tin
fm / Caicium Neodymium AT & Titanivm
Cerium gi = 479 Nickel Tungsten
Cesiuvm . Osmium Urantum
Chromium Palladium 0] - ] Vanadium
LD6l— ) Copalt Phosphorus YHerbivm
rc o Columbium Platinum (ozfton) Ytirium
.0 Copper Potassium NANEYS Zinc
Dysprosium . Praseodymium onse, 2 C Zirconium
Erbiom Radium '
Europium Rhenium
Gadolinium Rhodium
Gallium Rubidium
Germanium Ruthenium
Gold {oz/ton) Samarivm .
Hainium Scandium
- Holmium Selenium
200 = 22 indium 1 =18 Silicon
Iridium T Silver (oz/ton)
REMARK
H
Sc*ea/jf//)xr/:/“{“/) N Date: [—2 s



COLORADO SCHOOL OF MINES RESEARCH FOUNDATION, INC.

Golden, Colorado

ANALYTICAL LABORATORY REPORT

Figures are percentage estimates

Lab. No.t 7//" <§>// Project No.: Bos Rk LT
Sample No.: S V- S Sponsor:
lab. Group Nou: zZ 7~ 7 / Project Engineer: AWZ
Date Submitted: L’ 7o 7/
Aluminom 51"3'\!; n oY iron : RO~ 0,} Strontium
Antimony v Lanthanum . . Sulfur
Arsenic w2 ) Lead o Tantalum
28T P Barium Lithium . Tellurium
Baryllium Lutetium Terbium
Bismuth 1=/ Magnesiom Thallium
Soron aad = 10 Manganese . Thorium
Bromine Mercury S Thulium
Cadmium i, DU Molybdenum Tin ‘
Calcium Neodymium P ST N Titanivm
Cerium A ) = 1 Nickel ’ Tungsfen
Cesium N Osmiuvm . . ' Uraniom
Chromium Palladium . L) e o/ Vanadivm
Cobalt Phosphorus , Yiterbium
Columbium Platinum (oz/ton) Yitrium
Cepper Potassium . R Zinc
Dysorosium Praseodymivm - . D287 2857 Zirconium
Erbium Radium
Svropium Rhenium
Gadolinium Rhodium
Getlium Rubidium
Germanium Ruthenium
Gold {ozfion) Samarium
Hafnivm Scandium
Folmium Selenium
L Le¥oati Indivm J=/2 Silicon
ridiom T Silver {czfton)

batd
mn

o
¥s
ot
<
“n

R -F =4 . ‘ B onat™ oy &,
e RS BT I . Dale: £ X } - ;r/‘
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COLORADO SCHOOL OF MINES RESEARCH FOUNDATION, INC.

Golden, Colorado

ANALYTICAL LABORATORY REPQORT

Figures are percentage estimates

Lab. Group No.:

Description:

Project No.:

BolF 17

Sponsor:

Project Engineer:

Date Submitied:

‘1/»2 {//( ‘-’/

[ = Fo-T7/[

Je 2D Aluminum & Ml - Iron . 207~ 2/ Strontium
Antimony 4 Lanthanum _ Sulfur
Arsenic 2 f Lead Tantalum
——n T . 22 ‘. Barium Lithium Tellurium
Beryllium Lutetium Terbium
Bismuth e 202 Magnesium Thallium
Boron o= Manganese Thorium
Bromine Mercury Thulium
_ Cadmium — 005 Molybdenum _ Tin
R e W Calcium Neodymium (e 4T Titanium
Cerium —wol=et - Nickel Tungsten
Cesium i, Osmium Uranium
Chromium Palladium D= e ) Vanadium
£od e 20 Cobalt - Phosphorus Yierbium
Columbium Platinum (oz/ton) Yitrium
e 2T Copper Potassium IR Gl Zinc
Dysprosium Praseodymium . I/ Il Wi <l Zirconium
Erbium Radium
Europium Rhenium
Gedolinium Rhodium -
Gellium Rubidium
Germanium Ruthenium
Gold (oz/ton) Samarium
Hafnium Scandium
Holmium Selenium
Lo 22 indium =2 O . Silicon
iridium I r Silver {ozfton)
REMARKS

= - o
ng nad: :_./f e P

)

)

& o

Date: ¢

ey



Lab., Nou

COLORADO SCHOOL OF MINES RESEARCH FOUNDATION, INC,

ANALYTICAL LABORATORY REPORT

Golden, Colorado

Figures are perceniage estimates

/0 XS

Sample No.:

jf?_?—?

?é/a—/7

Project No.:

. Sponsor:

i]/?,o ’/

;/"2':9' 2/

Lab. Group No.: C? 7 7/ Project Engineer:
Description: Date Submitted:
] =10 Aluminum S Mo iy fron
Antimony Y Lanthanum
Arsenic L2/ Lead
Aty ) Barium Lithiom
Beryllium Lutetivm
Bismuth /=£0 Magnesium
Boron Ol 40 Manganese
Bromine ) Mercury
Cadmium e ALY Molybdenum
e Calcium Neodymium
Cerium L B - M0 Nickel
Cesium ° Osmium
Chromium Palladiurn
ol 2} Cobali .. Phosphorus g
Columbium Platinum (ozfton)
e DB - Copper Potassium
Dysprosium Praseodymium .
Erbium - Radium
Europium Rhenium
Gadolinium Rhedium
Gallium Rubidium
Germanium Ruthenium
Gold (ozfton) Samarium
Hafnium Scandium
Holmivm Selenium
ol 22 Indium /=40 Silicon
Iridium T , Silver (ozfton)

Strontiurn

y] ﬂ0/°' Q{/

Sulfur

Tantalum

- Tellurium

Terbium

Thallium

Thorium

Thulium

Tin

il

e

- Titanium

Tungsten
Uranium

b0 f = 2] Vanadium

Yiterbium

Yitrium

12570 L= Ziac

Pl , ol

Zirconium

REMARK

Signed: L /)/{Z/A/\ .

Dato: /"' }.>"' '>,/



SCIN COLORADO SCHOQL CF MINES RESEARCH FOUNDATION, INC.
Goldan, Colorado

- . ' : ANALYTICAL LABORATORY REPORT

Figures are percentage estimates

Lab. No.: LLL OD/ “ Project No.: : 3 oL A z 7

) g
Sample No.: /\7 5 _ g ‘ _ . Sponsor:

: r
Lab, Group No.: q 2 7/ L Project Engineer: /? @W/

Description: ".. Date Submitied: ,/ - 70 - 7/
{~1D Aluminum Y ﬂj}) oY Iron o ; enfi-. 23 Strontium
Antimony Lanthanum : Sulfur
Arsenic ’ Lead . Tantalum
208~ @ T Barium Lithium L Tellurium
Beryllium - - Lutetium ' o Terbium
Bismuth A} . Magnesium l . . Thallium
Boron OS2 A Manganese = * ' Thorium
Bromine . Mercury L ~ Thulivm
Cadmivm L e, 0% Molybdenum _ Tin
28 e 5 Calcium . Neodymium )] Titanium
Cerium C P DSTe O Nickel : ‘ Tungsten
. Cesium .+ - Osmium Uranium
Chromium . Palladium /YA | Vanadium
y Gl 2F Cobalt S Phosphorus . Yiterhium
Colymbium Platinum {oz/ton) — Yitrium
R Copper . Potassium g L0870 % Zinc
Dysprosium ‘ . Praseodymium . 02\7=1p L Zirconium
Erbium : Radium. :
Europium Rhenium
Gadolinium Rhodium
Gallium Rubidium
Germaniom Ruthenium
Gold (oz/ton) Samarium
Hafnium ' Scandivm
Holmium - Selenium
nol-\p! Indivm ' [~/0 Silicon e
Iridium =~ ' - Silver (oz/ton)
REMARKS |

Data: ' =22 2/ :




Lab. Nou

COLORADO SCHbOL OF MINES RESEARCH FOUNDATION, INC.
Golden, Colorado ’

o S

ANALYTICAL LABORATORY REPORT

Figures are percentage estimates

Sample No.: ‘

Lab. Group No.:

/’?~S — %9

P -2/

Description:

S 2

OO T N

Nl b

Aluminum .
Antimony
Arsenic
Barium
Beryllivm .
Bismuth
Boron
Bromine . |
Cadmium
Calcium
Cerium
Cestum
Chromium
Cobalt
Columbium
Copper
Dysprosium
Erbium
Europium
Gadolinium

. Gallivm

Germanium

- Gold (ozfton) -

Hafnium
Holmium
Indium
Iridium

5-:"/\',{;1’};' 2y

Project No.:

. Sponsor:

2 L2l 7
—

. Project Enginear:

/ S
(/'Z ("’%/([

Date Submitted:

iron
Lanthanum

Leud
Lithium

Lutetivm

L2 8

Magnesium

o - &

. Manganese |,

Mercury
Molybdenum

Neodymium
Nickel

Osmium

Palladium

Phosphorus
Platinum (oz/ton)

Potassium

. Praseodymium

Radium

Rheniuvm

Rhodium
Rubidium

Ruthenium
Samarium

Scandium

Je 22

Selenium
Silicon
Silver {ozfton) .

/’2"’7/

‘091/"”57 /

L=

2L =]

D8,

- ‘1@1‘-"'-‘"-95:"

Strontium
Sulfur
Tantalum
Tellurium
Terbium
Thallium
Thorium
Thulivm
Tin
Titanium
Tungsten
Uranivm
Vanadium
Yherbium
Ytiriom
Zinc
Zirconium

REMARKS

Date:

- ® L R
. - Signied: —?//,/i G/AA.A )

[ 2o O



Lab. Nou:

COLORADO SCHOOL OF MINES RESEARCH FOUNDATION, INC.

700 F1E

ANALYTICAL LABORATORY REPORT

Figures are percentage estimates

Sample Nou:

lab. Group Nou:
¥

/RS /P
i [}

?7ﬁ7/

Description:

) =10

3 Qa)h' G A

(L]

N ;\{/\'" -

oy

e )

-, PO}

Golden, Colorado

Project No.:

Sponsor;

Bo/ /7

Project Engineer:

Date Submiﬁed:;

Aluminum 5"/\4"’\)‘ ey Iron
Antimony Lanthanum

rsenic lead
Barium Lithium
Beryllium : Lutetium
Bismuth .. - 1= Magnesium
Boron RS T N  Manganese
Bromine .- Mercury
Cadmium —t, Qf?‘f’ Molybdenum
Calcium .Neodymium
‘Cerium S DOET 2, 287 Nickel
Cesium Osmium
Chromium Palladium
Cobalt Phosphorus
Columbium . Platinum (oz/ton)
Copper Potassium
Dysprosium Praseodymium |
Erbium Radium
Europium Rhenium
Gadolinium Rhodium
Gallium Rubidium
Germanium Ruthenium
Gold (oz/ton) Samarium
Hafnium Scandium
Holmium Selenium
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COPPER IN
AS AN ORE INDICATOR

GEOLOGICAL SURVEY RESEARCH 1970

N BIOTITE FRCM EGP\E“OUS ROCKS IN SOUTHERN ARIZONA

By T. G. LOVERING, J. R. COOPER, HARALD DREWES,

and G. C. CONE, Denver, Colo.

Abstract.—In the Sierrita and Santa Rita Mountains of
southern Arizona, rocks from igneous intrusive bodies that are
genetically associated with copper deposits contain as much as
0.03 percent copper; Lowever, biotite separated from these
rocks contains as much as 1 percent copper. Rocks from igneous
intrusives in the same arca that are not associated with copper
deposits contain from a few paris to a few tens of parts per
million of copper, and the biotites separated from them contain
at most 200 ppm copper. The large composite stoek on the cast
side of the Sierrita Mountains shows a well-defined increase in
the copper content of biotite, from a few parts per million in
the nortliern part to as mueh as 1 percent necar the copper
deposits at its southern end. Copper anomalies in biotite in the

) ‘rocks in this area provide a more sensitive and extensive indi-
‘ation of associated copper mincralization than do those in the

hole-rock samples.

Biotite has been separated from samples of four
kinds of intrusive rocks, of Precambrian to Paleocenc
age, I the Santa Rita and Sierrita Mountains of
southern Arizona. These sepurates were analyzed spec-
trographically to investigate compositional variation
among biotite samples from (1) different intrusives
of similar ages, (2) “similar intrusives of different ages,
and (8) a single large ore-related stock.

The greatest variation in trace-clement content was
found in the copper of these biotites, Copper content

ranges from a few parts per million to 1 percent, and -

the highest copper values are in biotite from rocks
that are genetically and spatially related to copper ore
deposits. The ore-related biotites consistently contain
from one thousand to several thousand parts per mil-
lion of copper, in contrast to biotites from “barren” in-
trusives, whose copper conient is ﬁenerally only a few
tens of parts per million.

All the biotite samples in which molybdenum was
detected (2 10 ppm) also contain > 500 ppm (parts
per million) copper; however, many of the samples
that contain high copper concentrations show no de-

tectable molybdenum. None of the other minor elements
in the biotite show any consistent relationship to the
copper content.

The ability of copper to substitute for iron and mag-
nesium in the biotite lattice and the relatively high
concentration of copper in biotites from quartz monzo-
nite stocks in Utah and Nevada that are genstically
related to copper ove deposits have been discussed by
Parry and Nackowski (1963, p. 1127, 1137, 1140-1141).
Putman and Burnham (1963) also reported sporadic,
but locally high, concentrations of copper in ferromag-
nesian mineral concentrates, which consist largely of
primary biotite, from their Boriana Granodiorite in
the Ilualapal Mountains south at ICingman, Ariz.
These biotites with high copper content are associated
with minor primary chalcopyrite and come from an
area that shows copper and molybdenum mineraliza-

" tion (Putman and Burnham, 1963, p. 60, 72, 78-79, 82,

92). However, Bradshaw (1067, p. 143-144) found that
the copper content of biotite from ore-related granitic
rocks in Cornwall and Wales is consistently less than
50 ppm and that it does not differ significantly from
that of biotite from barren granitic intrusives.else-
where in Great Britain.

The biotite' in many of the older intrusives of the
Santa Rita Mountains shows strong chloritic altera-
tion. Copper analyses are reported here only on those
mineral separates that were optically determined to
consist of more than 80 percent biotite.

Spectrographic copper analyses had previously been
made on some whole-vock samples of the same rocks
from which biotite separates had been made. The cop-
per content of ore-associated intrusive rocks is higher
than that of barren rocks, but it is more than an order
of magnitude lower than the copper content of the
blotlte. : :

Samples of the freshest rock obtainable were taken
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for biotite separates; the biotite is a primary mineral
in all but one of them (a Precambrian granodiorite
from the Santa Rita Mountains which contains second-
ary biotite of Paleocene age). Many of the pre-Ter-
tiary stocks in the Santa Rita Mountains ave not repre-
sented in this study because of the intense chloritic
alteration of their biotite.

Thirteen biotites were analyzed from the Santa Rita
Mountains, and twenty-two from the Sierrita Moun-
tains. Samples from the Santa Rita Mountains com-
prise three from a large Precambrian stock, two from
an Upper Cretaceous stock, fonr from small barren
Paleocene stocks, and four from ore-related Paleocene
plugs (fig. 1). All the samples from the Sierrita Moun-
tains were taken from a large composite Paleocene
stock that is related to the Esperanza and Sierrita cop-
per deposits of the Pima mining distriet (fig. 2).

GEOLOGIC SETTING

The Santa Rita and Sierrita Mountains contain plu-
tonic and closely related hypabyssal rocks. In the
Santa Rita Mountains these rocks are of Precambrian,
Triassic, Jurassic, Late Cretaceous, Paleocene, and late
QOligocene ages. In the Sierrita Mountains they are of
Precambrian, Triassie, Jurassic, and Paleocenc ages.
The larger stocks in both areas are composite bodies
whose main phases commonly range in composition
from granodiorite to quartz monzonite. The Santa Rita
Mountains also are intruded by nwumerous smali homo-
geneous stocks of granodiorite and quartz monzonite
and plugs of quartz latite porphyry. Only the intru-
sive bodies from which biotite samples were taken for
this study are shown on figure 1, '

The copper deposits of the Helvetia, Rosemont, and
Greaterville mining districts in the Santa Rita Moun-
tains are associated with Paleocene quartz latite' por-
phyry plugs. Those of the Pima mining district in the
Sierrita Mountains are related to Paleocene quartz
monzonite porphyry which occurs as plugs and as a
facies of Paleocene granodiorite stocks,

METHOD OF MINERAL SEPARATION AND ANALYSIS

Rock samples were crushed, ground, and sieved. The
0- to 150-mesh fraction was used for separation and
analysis. The ground sample was then placed in bromo-
- form to float quartz, feldspar, and other light minerals,

The heavy-mineral concentrate from the bromoform,
including the biotite, was washed, dried, and placed
In a methylene iodide solution to float the biotite and
sink all heavy minerals of specific gravity greater than
2.3. The biotite concentrate was again washed and
dried and was then run through s Frantz magmetic
separator at different settings to obtain as pure a bio-

PETROLOGY AND PETROGRAPILY

tite fraction as possible. Mineral impurities other than
chlorite were estimated to constitute less than 5 percent
of this fraction, Chlorite, which cannct he removed
mechanically by this method of mineral separation,
anged from 1 percent to at least 50 percent. All biotite

_concentrates were examined optically, and only the

analyses of those in which chlorite was less than 20
percent are reported in this paper.

Both whole-rock samp]es and blotite concentrates

were analyzed by a six-step semiquantitative spectro-

graphic method which is similar to the three-step
method of Myers, Havens, and Dunton (1961). Results
from the six-step method identify geometric intervals
that have the boundaries 1.2, 0.83, 0.56, 0.38, 0.26, 0.18,

"0.12, 0.083, and so forth, and are reported as micdpoints

of these intervals by the numbers 1, 0.7, 0.5, 0.3, 0.2,
0.15, 0.1, and so forth. The interval identified by the
reported midpoint contains the analyst’s best estimate
of the concentration present. The precision of a re-
ported value is approximately plus or minus one in-
terval at 68-percent confidence, or two intervals at 95-
percent confidence.

SANTA RITA MOUNTAINS
Petrography
Rocks sampled in the Santa Rita Mountains include
the Precambrian Continental Granodiorite: the Upper

Cretaceous Madera Canyon Granodiorite; the “barren®
Paleocene stocks of the Flelvetin mining district; and

the ore-associated IPuleocene plugs of the Greaterville,

Rosemont, and Helvetia mining districts (fig. 1).
These rocks, mapped by Drewes (1910“, b), are brielly
described here; more complete descriptions are
planned for future publication.

The Continental Granodiorite forms a large com-
posite stock in the northern part of the Santa Rita
Mountains. It is exposed in an ecastward-tilted struc-
tural block of Precambrian rock that is unconformadly
overlain by Paleozoic and Mesozoic sedimentary rocks
and that is intruded by Paleocene stocks and plugs.
The main phase of the stock is o medium-gray to dark-
gray very coarse grained porphyritie biotite granc-
diorite that grades to & quartz monzonite. Mafic min-

erals, chiefly blOUtC and chlorite, form a work
pattern around the felsic minerals. Phenocrysts of
light-pinkish-gray microcline or orthoclase as much as,
4 em long constitute 5-10 percent of the rock. .\ mode
of typical Continental Granodiorite contains, to'the
nearest pereent, quartz, 28; plagioclase, 42 o"*noc.a':c.
18; biotite, 9; and accessory ilmenitic magnetite, apa-
tite, sphene, and zircon, 3. This rock is isotopically
dated as Precambrian (Drewes, 1968).

mesh
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content of biotite samples from the Santa Rita Mountains, and area of figure 2.

The Madera Canyon Granodiorite is the northern-
most of a swarm of stocks of Late Cretaceous age in
the southern part of the Santa Rita Mountains.
Samples were obtained from a light-gray phase of this
rock, which also exhibits porphyritic and melanoeratic
phases (Drewes, 19702, b). The light-gray phase is

extensively exposed along Madera Canyon, where it
has a mediwm- to coarse-grained hypidiomorphic gran-
ular texture, A representative sample contains, to the
nearest pereent, quartz, 22; orthoclase, 26; plagioclase,
4925 hornblende, #; biotite, &; and accessory sphene,
ilmenitic magnetite, apatite,~and ziveon, 1. This rock
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has been dated as about 68 m.y. (million years) (P. I..

Damon, written commun,, 1964; Drewes, 1968, p. C13).

Six small elliptical stocks of IPaleocene age, which
consist largely of light-gray granodiorite, intrude the
structurally complex rocks near Ielvetia (Drewes,
1970b). Four of them were sampled for this study (fig.
1). The composition of these stocks is variable, rang-
ing from granodiorite to quartz monzonite. Their in-
homogeneity is exemplified by a stock in which the bio-
tite content ranges from 1 to 10 percent. The rocks of
these stocks are distinguishable from the Continental
Granodiorite by their fresher appearance, the absence
of phenocrysts, and the habit of their biotite, which
forms discrete books. Modes of these rocks vary
widely; that of the sample from the northernmost
stock shown on figure 1, which is fairly representuative
of the granodiorite, is, to the nearest percent, quartz,
30; plagioclase, 45; microcline, 13; biotite, 10; and
accessory ilmenitic magnetite, apatite, /,11'con, and
sphene, 1. The stocks of Helvetia are not assoclated
with the mineralization of the district. They have been
isotopically dated as about 53 m.y. (Drewes and Fin-
nell, 1968, p. 323 ; R. F. Marvin, written commun., 1968),
but geologxc field relations mdlcate that they may be
slightly older.

Quartz latite porphyry, locally referred to as the
“ore porphyry,” forms six small irregular plugs and
many dikes in the Greaterville, Rosemont, and Hel-

vetia mining districts. The four plugs sampled are .

shown on figure 1. The plugs are surrounded by aure-
oles of low-grade metamorphosed and mineralized rock.
Copper, lead, zine, and silver are the principal metals
produced in these districts, but other metals are also
present (Schrader 1915; Crmsey and Quick, 1955;
Drewes, 1970¢). The porphyry is typically a grayish-
orange-pink, closely fractured rock with a saccharoidal
groundmass. It contains abundant bipyramidal quartz
phenocrysts, sparse small biotite phenocrysts, and
traces of disseminated sulfides. Modes of the porphyry
are very uniform; the average of the modes of seven
specimens, to the nearest percent, is quartz, 26; plagio-

clase, 45; potassium feldspar (largely sanidine), 25;°

biotite, 3; and accessory sphene, apatite, magnetite,
zircon, and sulfides, 1. Biotite from three of these plugs
lLias been isotopically dated as about 56 m.y. (RR. IF. Max-
vin, written commun., 1967).

The quartz latite porphyry appears to-have been

emplaced at a higher temperature than that at which

the barren intrusives were emplaced, as indicated by
its bypyramidal cuartz and sanidine. The extremely
irregular shapes of these plugs also suggest that the
parent magma of the plugs was highly fluid, a condi-
tion that would be favored both by high temperature

PETROLOGY AND PETROGRAPHY

and by high volatile content. A high metal content of
this magma is also indicated by the genetically related
ore deposits.

Biotite concentrates and their copper content

Biotite from the Precambrian Continental Grano-
diorite is olive green and contains less than § percent

" mineral Impurities, which are chiefly chlorite

Biotite from the Cretaceous Madera Canyon Grano-
diorite is moderate brown and contains about 10 per-
cent ilmenite and sphene as poikilitic inclusions. Ap-
prox:ixmtely 10 percent each of hornblende and chlorite
is present in the mineral concentrates as discrete grains.

Biotite from the Paleocene granodiorite and guartz
monzonite porphyry stocks that have no known copper
deposits associnted with them is dark yellowish brown
and contains about 5 percent hematite, apatite, and
ziveon as inclusions, About 5-10 percent chlorite and
minor amounts of sphene and plagioclase are present
as accessory minerals in the concentrates.

Four samples were collected from the quartz latite
porphyry plugs, which are closely related to copper
deposits. These plugs are nearly the same age as the
barren monzonite porphyry. Biotite from this ‘“ore

porphyry” ranges from light brown to moderate
brown, and contains about 5 percent apatite, rutile, and

ilmenite as inclusions and 5~10 percent chlorite and .

" spliene as accessory minerals in the concentrate,

Copper concentrations in the biotites of the four
rock types in the Santa Rita dountains that wwere
sampled are swnmarized in table 1. This table illus-
trates the marked increase in copper content of biotite
samples from the “ore porphyry” relative to such
samples from both the unmineralized older granodior-
ite and the quartz monzonite stocks of approximately
the same age as the mineralized quartz latite porphyry
plugs.

Copper also increases slightly in whole-rock emlp]eq
of the ore porphyry, but the copper in biotite separates

TaBLE 1.—Copper content of biotitc samples from sclected igneous
rocks of the Sania Rita h’ounta"m

7. L. Finloy, analyst] )

Copper content

Rock typo Number of (ppm)
samples
Range Aean

Preeambrian granodiorite and 3 30-70 .30

guartz monzonite.
Creticeous granodioriteoancccaaa. 2 100-200 . 130
Barren Palcocenc quartz 4 70-130 00

monzonite. .
Productive Palcocene quartz 4 700-7, 000 3, 400

latite porphyry.




TasLy 2—Comparison of copper content of ichole rock and biolite
in eclected samples from the Sania Rita Mountlains

Copper contont

Roek 1ype (ppis

LOVERING, COOPER,

DREWES, AND CONE 35

TapLe 3 —-J\Ioclal arnalyscs of rocks in and near the Pima mining
district from whick biotiles were obtluined

[Leaders (..) Indicate not present}

Granodiorite Quartz monzonite
\l\g‘lzs‘)\_!? Blotlte 2 1 2 5 .

Precambrian granodioriteen v ceomaea 10 70 QUATbha o 25. 1 33.2 27,4 26. 4
Crotaceous granogior it s c e ccacaneaaaanan 20 200 Potassium feldspar and

Palcocene quarts MONLZOMItC. a e e mccme e e i 10 70 PCrthitee o w e 20. 6 19. 2 35, 4 50,1

Paleocene quartz latite porphyry e v oeoacaaoo 50 5,000 Plagioclascaeocooaoiaooos 45. 0 42. 8 33, 2 38. 3

: Myrmekiteenewaeaaaauans Trace B e

LY. L. Tiavcts, onalyst. Biotite and chloritee oonn-. 5.9 3.4 _ 2.8 3.7

A t.}.mey, analyst. Hornblendee - o cce e e 200 e e

Opaque mincrals. aoacaaoo .8 .8 .8 1.0

Sphenee o mee oo aaos .4 S, .1

. Apatite and zirecon.._..__. .2 .1 .2 Trace

Lremty o e Tac o -aa far o ' - . ’

from these samples shows a far greater increase (table  Tgycoxene, cpidote, and

2). red iron oXidGe e accmmmenaceeeas - .2 .4

Total e e e oo 100.0 100.0 100.0 100. 0

PIMA MINING DISTRICT, SIERRITA MOUNTAINS

Petrography
All biotite samples from the Pima mining district
came from a large composite stock of Paleocene age,
which is g *ncnc.\ll) related to the Esperanza and Sier-
-ih porphyry copper deposits (fig. 2). This stock and
several smaller ones, whicli ave deseribed and shown on
a pmhmumr - geologic map by Cooper (1960, pl. 1),
are mainly granodiorite. The large granodiorite body
in the western part of the Pima mining district was
amed Ruby Star Granodiorite for the Ruby Star
Ranch by Livingston, Mauger, and Damon (1968),
a name which 1s here formally adopted. The type area
s In parts of Tps. 17 and 18 S., Rs. 12 and 13 E. The
granodiorite intrudes intensely deformed rocks of Pre-
cambrian to Late Cretaceous age and is overlain un-
conformably by Quaternary alluvium., The Esperanza
and Sierrita ore deposits are near the south end of the
Iarge stock, where part of the roof of the stock is ex-
posed.

The composite stock consists of two granodiorite
facles and, near the ore deposits; of several quartz mon-
zonite facies not distinguished:from one another on
figure 2. Modal analyses of four specimens from which
the analyzed biotites were obtained are shown in table
3.

The equigranular, border-phase granodiorite (table
3, analysis 1) i1s a light-gray medium-grained rock,
which 1s characterized in hand specimen by recogniz-
able quartz, twinned plagioclase, untwinned potassium
feldspar, equidimensional books of biotite, hornblende,
and small honey-colored crystals of sphene. This rock

*The “atypical granodiorite” of Cooper, (1960, ‘p. 70) shown in the
soutahwest cormer of this preliminary map is now known to he part of
a Triassic or possibly Jurassic intrusive. The, granitie roek west of the

: .a:m Xavier thrust shown near the north.edge of the map, which was

provisionally assigned to the Precambrlan by Cooper (1060, p. G8), is
aew believed to be slightly younger than the adjacent stock from which
the blotite samples werc obtained,

1, Equigranular granodiorite, average of three specimens from
castern border zonc of stock.

. Porphyriciq gmnodioritc, average of two specimens from core
of pluton 2.3 miles northw cst of Espcranza. mince.

3. Qu'u:t.z. monzonite porphyry, “ore porphyry,’” average of three

* speeimens from two mas:.es 0.5-0.7 mile north of Lsperanza

mine.
4. Aplitic quartz monzonite 0.:) mile north of Esperanza minc.

o

has gradational contacts with the porphyritic core-
phase granodiorite.

The porphyritic core phase (table 3, analysis 2)
much like the border plase, but lacks hornblende and
contains from 2 to 10 percent phenocrysts of potassium
feldspar which are 14-3 inches long. It generally con-
tains less biotite, more quartz, and plagioclase of a
less caleic composition than the border phase. Two

. potassium-argon age dates on the granodiorite facies

are 60 m.y. (Creasey and Kistler, 1962) and 39 m.y.
(Damon and Mauger, 1966).

The quartz monzonitic part of the stock near the
ore deposits (fig. 2) includes rocks distinguishable
from the granodiorite only by their mineral propor-
tions, and also finer grained quartz monzonite por-
phyry and aplitic quartz monzonite phases. The quartz
monzonite porphyry has sharp intrusive contacts with
the granodiorite at a few places, but gradational con-
tacts at others. The aplitic quartz monzonite phase was

called biotite-bearing aplite by Anderson and Kupfer
(1945, p. 5) and is shown as dacite porphyry on a map
by Lynch (1966)." It is an intrusive body approxi-
mately 1;000 feet wide and 1,800 feet Ionw which is
emplaced 1,‘,1'; quartz” monzonite porphyry and grano-
diorite. It crops out half a mile north of the Esperanza
mine, and also forms very small bodies closer to the
mine. The quartz monzonite phases are not sepu‘ately
distinguished on figure 2.

The quartz monzonite porphyry (table 3, analysis 3)
is light gray to pinkish gray on fresh exposures. Pheno-
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