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HALOGEN CONTENTS OF IGNEO US MINERALS AS INDICATORS 

Of MAGMATIC EVOLUTION OF ROCKS ASSOCIATED WITH THE 
RAY PORPHYRY COPPER DEPOSIT, ARIZONA 

By NORMAN G. BANKS, Menlo Park, Calif. 

Ab8tract.-The contents of Cl, F, and H.O+ (calculated) 
in some hydrous igneous minerals in intrusive rocks of Lara­
mide age (7~ m.y.) near Ray, Ariz., appear to be related 
to the age and the chemistry of the whole-rock samples. Apa­
tite and biotite in younger, more silicic rocks contain more F 
but less Cl and H.O+ than apatite and biotite in older, more 
mafic rock; the same relations hold for F and H,O+ in 
sphene. Correlations of the abundance of Cl, F, and H.O+ in 
hornblende with rock chemistry and age are not as strong as 
for apatite, biotite, and sphene; igneous (?) epidote does not 
contain 01 and F in amounts detectable by electron micro­
probe analysis. The contents of Cl, F, and H,O+ in whole­
rock samples decrease with increasing differentiation index 
and decreasing age. Data for a single pluton of variable com­

·position mirror the results for a 'suite of different plutons 
and dikes. The data are satisfactorily although not exclusive· 
ly explained by postulating that the melts each contained 
progressively less 01, F, and H 20 and " that the hydrolis min· 
erals consumed most of the Cl, F, and HoO in the magmas. 
The data may also be explained by postulating that (1) the 
stocks evolved Cl·bearing water during their ascent and 
crystallization, or that (2) Cl and H20 were concentrated duro 
ing differentiation of the stocks but the minerals failed to 
record their buildup. Both alternative explanations find prob· 
lems with and require special conditions to satisfy field, 
chemical, and experimental data. If many of the special con· 
ditione are not met, a nearby batholithic parent to the stocks 
Is not a favorable source of the mineralized fluids at Ray. 
PropyUtic alteration of biotite results in O1·poor chlorites and 
may have provided some Cl to hydrothermal fluids; biotite 
may have also supplied some F to propylitizing fluids through 
alteration. 

This study provides d'ata on the concentrations of CI, 
F, and H 20 in the intrusive, bodies and their hydrous 
minerals related in time and space with the porphyry 
copper deposit at Ray, Ariz. These and accompanying 
whole-rock petrochemical datil. allow interpretation of 
the magmatic behavior of CI~ F~ and H 20 prior to 
deposition of ore. :Microprobe and wet·chemi~try analy­
ses for el, F, and H 20 + of mineral gra.ins and whole­
rock samples of least altered Laramide intrusive rocks, 
of mineral grains in least illtered Preeambrian igneous 

rocks (Ruin Granite, 1.4 b.y.; diabase, 1.2 b.y.)~ and of 
hydrothermal biotite from the deposit are reported. 
The if,r:n£'ous minerals studied are apatite, biotite~ horn­
bl£'nde. sphene, and epidote; secondary minerals 
include chlorite, epidote, sphene, phellgite, and 
hydrogal1let( n. 

The samples used in the microprobe studies were col­
lected at site~ inclicated in figure 1 and include .7 of at 
least 12 rock types intruded in the vicinity of the Ray 
deposit dnring a 10-m.y. period (70-60 m.y. ago; 
Ranks and others, 1972; Banks and Stnckless, 1973). 
Ages, differentiation indices, textures, the Fe-l\fg sili­
cates present. and percentage of nlteration of selected 
minerals in the Lnramide igneous rocks are listed in 
table 1. 'Yhole·rock chemical and petrologic data hnve 
been obtained on one or more samples of each of the 
12 rock types. At least 11 of these rock types are cut by 
sulfide veinlets; part of this veining occurs outside of 
presently commercial ground. 

The deposit, located about 120 km north of Tucson 
and 120 km east of Phoenix, Ariz. formed about 60 
m.y. ago (Banks nnd Stnckless, 1973). The main hosts 
of the hypogene sulfides (pyrite, chalcopyrite, and 
molybdenite) are schist, Ruin Granite (a quartz mon­
zonite), ql1artzite~ and diabase, all of Precambrian age. 
The center of mineralization occurs near the west­
cent ral edge of the Sonora quadrangle (fig. 1). 
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