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STOP 1 

Stop One is  lo cated on Section A -A' near A'  on the 2490 level.  

To the no rth is  Ray's  central s i l icate mining area. The stop with regard 

to the hypogene zoning is located on the cast edge of the o re shel l .  

The diabase to the east is  pyrite halo,  sulfides are 3 volume 

percent, the chalcopyrite to pyrite ratio is 1 : 1 0. Biotite alteration i s  

moderate with re lict db te::v..iure sti l l  prescnt. Supergene alte ration is  

dominated by  jarocite and clay alteration. 

Looking \ve st along A -A' :  

The area immediately b elow is our South Silicate mining area. 

The road running along the Pearl Handle Pit edge is the old dike 

road, (2000 e levation) . Paralle l ing thi s .  road i s  the basin  .bounding 

Diabase Fau lt. 

The Diabase F ault bisects the hypogene system an� establishes 

a boundary between the si l icate and sulfide ore being mined. 

Looking into the Pearl Handle Pit keep in mind the mining 

operation has developed a window through the upper  plate of the E mperor 

F ault. This window exposes the Apache G roup ro cks,  including the diab as e ,  

which have been down d ropped o n  the west  side aloilg th.e Diabase Fault. 

The mining area just north of the Pearl Handle is primarily 

stripping in the leached cap. The color change from red b rown to black 

green in the middle of the bench i s  the Apache G roup, rock conta ined in a 

ho rst b lo ck bounded by th e Diabase and North End F aults. 



STOP 1 (cont'd) 

. In the distance you cJ.n see the West P it ,  whi ch is  locJ.ted in 

the enriched pyrite hJ.lo • . . The bulk of the secondary sulfide ore produced 

at Ray has come from this areJ., through the underground block cave 

operations prior to 1955 ,  :md open pit operations since. Development 

of the chalcocite blanket was influenced by the east dipping West End 

Fault, (the slope failure along the west end is easily recognizable),  

the south dipping North End and the north dipping Sun Fau lt. The 

apparent e;.,.-tension of the pyrite halo i s  due , in part, to rotation of 

. w est ore shell on the Diabase Fault. 

STOP 2 

The second stop i s  in the Cairo area of the Pearl Handle P it. 

The 1 70 0  mining level is currently providing the bulk of our sulfide ore. 

Along the southern end of the leve l  is an exposure of the Diabase Fault 

yvith uppe r  plate P inai Schist (west side) against diabase. Mo ving to the 

north along the bench, change in rock types demonstrates the effect rock 

type can have on the minerals formed. 

STOP 3 

The third stop is on the 1 6 60 level in the Pearl Handle Pit. 

Exposures of the Emperor  Fault overlying diabase and Apache Group 

rocks demonstrate some of the diff i culty in recogniz ing structures from 

drill ing. G rJ.nite Mounta in Porphyry , whi ch was the mineraliz er at Ray, 

can also be vi ewed at this stop. 



T H E R A Y O R E B O D Y 

. INTRODU CTION 

The Ray Mine i s  owned and operated by Kennecott Mine rals 

Company and is located in eastern Pinal County, Arizona, seventy miles 

southeast of PhoenL'{. The depo sit has been a majo r copper sou rce s ince 

1911 , producing an estimated 3 million tons of copper. The bulk of the 

production has been derived from sulfide ores.  Mining was accompli shed 

by underground method s  until 1955 when fu!! convers ion to open pit 

methods was achieved. 

Currently we are mining approximately 26 , 000  tons of sulfide 

ore and 14 , 000 tons of s il icate o re on a seven-day-per-week bas is .  The 

sulfide ore is crushed to minus 10 inches at the mine and shipped by rail 

some 18 miles to the .concentrato r and smelter at Hayden. The s il i cate 

ore is processed entirely at the mine us ing a percolation/agitation 

leaching system with the final product being electrowon cathode copper. 

LITHOLOGIES 

The diagram on page 5 shows the lithologic units whi ch are 

important in the Ray depos it. The oldest rock is the P inal Schist which . 

is composed of quartz -se ric ite and quartz -chlo rite -epidote metasedi

ments , as \ve 1 1  as some m etavo lcani c  uni ts . A metarhyol He unit in  the 

schist has been dated at I G60 rn. y. (Livingston and Damon , 1 9 G8) .  

-4-
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LITHO LOG IE S (cont 'd) 

The Ruin o r  O racle G rani te, whi ch i s  compos itionally a qua rtz monzonite , 

intrudes the schi st and ha� been dated in the Winkelm3.ll arca at 1420 m .  y. 

(Livingston and Damon , 1 968). Following a long pe riod of eros ion, the 

younger P recamb rian quartz o s e  s cdiments of the Apache G roup were 

depos ited. 

The P ione e r  Fo nnation i s  approximately 230 feet thick and 

consists of interb edded arko s e  and tuffaceous s il tstone s with a basal 

conglome rate (Scanlan Conglomerate member) . Abo ve the P ioneer 

Formation, there is typically 40 feet of basal D ripping Spring (Barnes 

Conglome rate) . Abo ve this we have app roxim ately 250 feet of the lower 

arkose -quartz ite memb e r  of the Dripping Spring. Although the upper 

Dripping Spring, the Mes cal Lime stone and the T roy Quartzite are 

pres ent east of the mine, they a re not important from the standpoint 

of coppe r mineraliz ation. The ent i re stratigraphi c  s e ction fo r the Ray 

area i s  sho wn on page 7. 

Extens ive diabas e intrusions , mostly as s i ll s ,  o c cu rred 1 150 m. y. 

ago (Livingston and Damon, 1968). The p reore mine ralogy of the diabase 

is  vari abie;  howeve r, the bulk of i t  appears to have been a ho rnb lende

pyroxene bb rado rite diab::!.se with mino r qu artz , b iotite, o rthocbse, 

magnetite 3.lld apatite. At R ay ,  thi s diabase is an impo rtant host rock. 

In the m ine area the re are two sills which ave rage about 500 feet in 

thi c.l,.l1e s s .  The s i l l s  p refer c e rta in s tratig raphic ho riz ons whi ch are: 

-6 -
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LITHO LOG IE S  (cont'd) 

(1 ) the P inal Schist-Ruin G ranite about 300 feet below the Apache G roup, 

(2) the middle of the Pioneer Formation, and (3) between the lower arkose 

and uppe r si ltstone members of the Dripping Sp �ing Quartz ite. Going 

north through the mine , the sill  in the Pioneer migrates downward into 

the s chist and granite. Likewis e ,  the upper s i ll' in the D ripping Spring 

Quartz ite migrates downward into the P ionee r  Formation. E conomic 

hypogene copper m ineralization i s  not found in P recamb rian rocks above 

the upper diabase s ill in the D ripping Spring Quartz i te. 

The Tortilla Quartz Diorite (Sonora Dio rite)dated at approximately 
-

70 m� y. (Banks and others ,  1 9 73) i s  largely restricted to the south and 

west sides of the depos it. Depending upon its location within the .sulfide 

system, the quartz dio rite can contain ore grade (at least 0. 4% copper) 

hypogene copper mineraliz ation. 

The G ranite .Mountain Po rphyry has been dated at 60 m. y. (see 

Banks and others , 1 9 72 -1 973 , Livingston and others , 1 9 6 8 ,  and l'vIcDo\vell , 

1 9 71)  and has been long considered to be the causative intrus ive at Ray. 

The rock i s  in reality a porphyritic granodiorite compo sed of oligoclase, 

quartz , bioti te -ma",CTJJ.etite, and o rthoclase phenocrysts with an o rtr..oclase 

matrix ( Cornwall and others , 1 971 ) .  At the present surface, the main 

mas s  of G ranite l\Tountain Po rphyry i s  west of  Ray in the G ranite l\1ountain 

area whe re it is at least two miles  in diameter and appears to have 

intruded ncar a no rthwest trending Pinal Schist/Ruin  G ranite contact. 

-1 1 -
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LITHOLOGIES (cont'd) 

In the mine, there are seve ral small masses of G ranite Mountain Porphyry 

which are al igned in a N70�E direction along a zone of weakness referred 

to as the "Porphyry b reak" (l\1etz and Rose , 19(6). Diamond drill ing 

indicates that some of these masses may coalesce at depth to form a 

stock central to the hypogene o re mineraliz ation. 

The Teapot l\Iountain Porphyry i s  s lightly younger than the 

Granite Mountain Porphyry and intrudes as stocks and dikes along a 

northeast trend north of Ray. The Teapot is characterized by large 

cuhedral orthoclase and quartz phenocrysts. ·  The Calumet Breccia Pipe 

may be associated with one of the Teapot Mountain. stocks. The up.per 

portion of the pipe contains secondary copper mineralization and super

gene effects have largely masked relationships betvleen mineral ization 

and fragmentation. Recent dri l l ing shows two periods of hypogene 

mineralization. The first period is associated with the main stage of 

mineralization at Ray and is characterized by pyrite-chalcopyrite-quartz 

veins which are terminated at fragment boundaries. The second period 

fill s  the breccia interstices, cuts the fragments and is characteristically 

galena -sphalerite -dolomite and/or rhodochros ite • .  

In summary, the major Laramide intrusive masses in the Ray 

district are all mineralized, all intrude along a northeast trend and they 

vary compositionally (south to north) from quartz diorite, to granodiorite, 

to quartz monzonite. 

-12-
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LITHOLOGIES (cont'd) 

The te�iary began with the deposition of the Whitetail . 

Conglomerate 32--plus million years ago (Co rnwall and others , 1 971).  

The 'Whitetail  at Ray is  divided into two facies. One is reddish brown 

and is composed primari ly of schist fragments. The other i s  l ight 

brown and contains abundant Paleozoic Limestone and Apache G roup/ 

diabase fragments, with minor schist. Both \Vhitetail facies exhibit 

poor so rting and bedding. 

The Apache Leap Tuff (Superior Dacite) sheet was depos ited 

20 million years ago ( Creasey and Kistler, 1 9 6 2) .  The Apache Leap 

Tuff is about 230 feet thick and is a rhyodacite ( Co rnwall and others, 

1 9 71) , with a light p ink to white basal un,it overlain by a red to black 

welded vitrophyre \vhieh grades upward into a light redd i s h  b rown tuff. 

Supe rgene solutions have rendered the vitrophyre unit unrecogniz able 

over the depo sit. 

The Big Dome Formation was named for the e}.-posure south 

of the mine (Krieger and others ,  1974) . A biotite tuff \vithin the Big 

Dome has been dated discordantly at 14 and 17 m. y. ( Cornwall and 

others , 1971) . In the deposit area, the Big Dome can �e subdivided 

into a s chist-porphyry facies and a coarser grained,  gray mixed 

l imestone -Apa che G roup facies. 

The youngest ro ck unit at Ray is  a watc r lain rhyol ite tuff. 

This light p ink to bro'WTI tuff appears to interfinge r with the Big Dome 

-13 -
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LITHO LOGIES (cont'd) 

in places and may resemble it in age. Approximately three miles 

west of Ray, in the Coppe r Butte area, age -equ ivalent rhyol ite tuffs 

and flows exceed in volume the Big Dome -equi valent gravels.  

I 
Secondary coppe r  mine ralization can be found in any of the 

lithologies shown on page 5 with the exception of the Ru in G ranite. 

The geologic map on page 8 give s  a general feeling fo r the 

distribution of the majo r rock uni t s .  The western part of the m ine 

is p redom inately P inal Schist, while the easte rn  portion is mixed 

diabase and undifferentiated Apache G roup. ' Note the masses of 

G rani te Mountain Po rphyry and the onlap of the postmin eral vo l cani cs 

and sediments . 

ORE TYPE DISTRIBUTION 

Page 15 i l lustrates the d i s t ribution of the various o re type s  

at Ray. Of interest is the lo cation of the s econdary chalco cite z one 

to the west of and above the hypogene o re zone. Most of the cha l co -

cite o ccurs in the P inal Schi s t  whi ch i s  the dominant rock type i n  the 

western portion of the mine. The location of the chalco cite o rebo dy 

i s  affected by stru ctu re.  The hypogene o rebody i s  horse shoe shaped 

with the open end b e ing the result of the cQmbined effec'ts of po stmine ral 

faulting, intrus ion and ero sion. Note that the Diabase Fault b i sects the 

hypogene o re z one. 

The s il i cate o rebody was deve loped in the low total sulfide -high 

-1 4 -
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ORE TYPE DISTRIBUTION (cont'd) 

chalcopyrite core zone and is essentially restricted to the area east 

of the DiJbase Fault. The combination of low available sulfur and 

the composition of the diabase were probably responsible for the 

fonnation of copper silicates in this area. 

Several small zones of native"'"1Jxide copper mineralization 

occur in the orebody and are largely faul t controlled. The largest 

area of this type of mineralization occurs in the north central portion 

of the mine ... vhere the North End, Emperor, Diabase, Livingston and 

School Faults converge. 

ZONTh'G 

The deposit exhibits a typical hypogene sulfide zoning pattern 

with an outer high sulfide-low copper pyrite halo,. an ore zone of 

moderate sulfide content characterized by approximately equal amounts 

of chalcopyrite and pyrite, and an inner low sulfide-high copper zone 

which is chalcopyrite in the diabase and, in places, pyritic in the 

quartzose rocks. 

The bulk of the ore grade (at least 0.40% copper) mineral ization 

occurs in the semi-reactive, mafic, Precambrian diabase host rock. 

I\Iolybdenite mineralization favored the quartzose lithologies. 

In the Precambrian rocks and the Granite :Mountain Porphyry, 

the hypogene alteration zones from the inside out are (a) biotite-K -feldspar, 

(2) quartz-sericite and (3) epidote-chlorite. In the diabase, biotite-clay 

-16-
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Z ONING (cont'd) 

alteration predominates in both the core and ore z ones. Chlo rite and 

epidote increase outward into the py rite halo. There is no extensive 

development of hypogene sericite or K -feldspar in the d iabase. In 

all rock types, the frequency of quartz veins decreases outward from 

the center of the deposit. 

STRUCTURE 

The Ray l'vIine area has a complex tectonic history. High 

angle no rmal and reverse faults have been active at various intervals 

over a long period of time. Some structures that de veloped p rior to 

the formation of the o rebody have been intennittently active up to 

recent times. The area has alternately been under compres sion in 

Laramide time, then a release of compression and perhaps active 

rifting. Further compression in mid-Tertiary time, release, and 

then a late Tertiary compression with final release during development. 

of basin and range structures.  

The most obvious fault systems at the R ay Mine are the Diabase 

and Emperor Faults. Several other s ignificant faults are do cumented in 

the mine area, includ ing the Bishop, North E nd ,  Sun,  West End , Consuelo , 

School and Livingston Faults. In the s i l icate o rebody there is  at least one 

additional un.!1amcd fault with seve ral hundred feet of di splacement. 

The Diabase F ault i s  a mode rately to steeply westerly dipping 

normal fault, characte riz ed by several tens of feet of gougy, b roken and 
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STRUCTURE (cont'd) 

brecciated rock and up to a few feet of strong gouge. In the Pearl Handle 

Pit, the lunging wall of the Diabase Fault contains the downthrown diabase/ 

Apache G roup sequence,  which i s  o verlain by s chist in the upper plate of 

the Empero r Fault. 

In the northern corner of the Pearl Handle Pit the no rmal dis 

placem ent of the Diabase Fault i s  about 800  feet, west side down. South

eastward in the mine the displacement increases to mo re than 2, 000 feet. 

The Diabase Fault terminates the Emperor Fault to the east. East of the 

Diabase Fault, the Empero r  Fault was uplifted and e roded away. 

The Diabase F ault bisects the hypogene ore shell , dropping the 

ore to the west (See sections , page 10) .  The fault also tends to f<;>rm a 

boundary separating the secondary copper mine raliz ation; chalco cite to 

the west and copper sil icates to the east. The chal cocite , and to some 

degree the coppe r s i licate s ,  tend to pe_netrate the primary sulfide zone 

. to greater depths along this fault. Native copper and some cuprite 

mineralization also tend to be localized along the Diabase Fault. 

The re have probably been several episo des of movement along 

the Diabase F ault during and follo'Wing Tertiary time.  D rag folding in 

some areas indi cates both- reve rse and normal movement; the most 

recent bei.ng no rmal. Slickensides on native copper sheets within the 

fault zone indicate fai rly recent movement. Fault zones to the no rth 

of the mine , which may be an c;..'iens ion of one strand of the Diabase 
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STRU CTUR E  (cont ' d) 

Fault, d i sp lace pleistocene terrace grave l s .  

The Empe ro r  Fault i s  commonly characte riz ed by several 

feet of den s e ,  dark gouge and up to tens of feet of gougy , b roken and 

brecciated rock. On the who l e ,  the fault dips about 1 0  to 30 degrees 

southeasterly in the Pearl Handle Pit and no rtherly in the West Pit. 

The upper plate, cons i sting mainly of s chi s t  with some po rphyry 

and mino r d i ab as e ,  overlies s chist,  some po rphyry and the diabas e/ 

Apache G roup sequence in the m ine a rea. 

It is now believed the E mpero r  F ault is a gravity s l ide rather 

than a thrust fault. F o r  a numbe r  of years it was an open question 

whether the small masses of G rani te Mountain Po rphyry in the mine 

area we re offset by the low angle Emperor F ault. Dri l l ing indicated 

the po rphyry i ntruded up through the lower p l ate as dikes and small 

apophys e s ,  mushrooming out abo ve the fault. In some cas es , the 

mushrooming suggested the liklihood of G ranite Mountain Po rphy ry 

offset along the E mpero r  F ault. A few years ago mining e�-posed an 

area where po rphyry o ccurred in both the upper and lower plates .  

. -
The fau lt was ob served to cut acro s s  the po rphyry; however, due to 

the clo s e  s p atial re lationship between the p o rphyry mas s e s  in the lowe r 

plate and tho s e  in the uppe r  plate , the post po rphy ry movement i s  

b e l i eved t o  be minimal. 

The intrus ion of the main G ranite ::'>lounta in Po rphyry stock 
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STRUCT UR E  (cont ' d) 

southwes t  of the mine p robably uplifted thnt area, c:lUs ing a g ravity 

slide that moved to the no �heast ove r the Ray Mine area with a 

shallow no rtheasterly dip. Sometime later seve ral po rphyry mass e s  

intruded the Ray Mine area, moving upward through and mu shrooming 

out above the E mpero r  Fault. It was this late intrusive event that 

p rovided the hydrothennal so lutions that fo nned the bulk of the rock 

alteration and mineraliz ation fo r the Ray O robody. Furth e r  upli ft o n  

the G ranite Mountain to the wes t  and the downfaulting along the D i abase 

Fault to the e a st steepened the dip on the E mp e ro r  F ault causing 
, 

additional mino r  movement. This mechani s m  would set the age of the 

main movement along the Empero r  F ault at 60 to 61 mi llion years ago. 

The gene raliz ed section on page 21 -il lustrates the p resent relationship 

of the Diabas e and E mp e ro r  F aults. 

North of the mine and extending up the Mineral Creek valley 

is a complex fault  z one compo sed of s everal fault strands and may, in . 

part, be an off-shoot of the Diabase F ault. The east dipping wes tc rn -

mo st fault  strand i s  named the Livingston F ault;  the tenn School Fault 
, 

i s  rese rved for that part of the Mineral Creek Fault zone whi ch i s  

conipo sed o f  reve rse faults that dip 3 0 -60 degrees west and c rop out 

cast of the trace of the Livingston Fault. The Schoo l F ault is a Iow-

angle reverse fault ncar the surface and is  inte rpreted to s teepen at 

depth. The P i nal Sch i s t  block on the west has mo ved up. The geometry 
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STRUCTlffi E  (cont'd) 

of this fault is infe rred from analogy to o tlier basement uplifts of 

Laramide age. In the case of the Ray area, howe ve r, mu ch of the 

Laramide style defo rmation i s  p robably of l\1io ccne age. It is an 

open question as to whether the School Fault is younger than the 

Livingston F ault o r  vi c e-versa. 

The Wes t  E nd Fault, lo cated on the west s lope of the West 

Pit, strikes no rth-south with a steep easte rly dip. Thi s  fau lt has 

e conomi c signific an c e  s ince it ess entially terminates the western 

e::-.."iension of the chalco cite min e ra l iz ation i? the West Pit area. 

The No rth E nd F ault forms a sJarp boundary between rock 

alteration types in the Schi st  along the no rth side of the West Pit  area. 

Quartz -se ricite alteration to the south abruptly changes to a chlo rite 

epidote as s emblage no rth of the fault.  The No rth End Fault may b e  a 

weste rly e:-..-tension of one strand of the Diab as e  F au lt.  

At l east four maj o r  fault system s ,  the Diabase, Emp e ro r ,  

No rth End and School -Livingston F aults , converge i n  the area o f  the 

no rtheast s lopes of the Pearl Handle Pit cre ating an extremely complex 

structural zone. Large blocks of ro ck have been rotated and mo ved out 

of sequence. Attempts to ma..1.:.:e detailed d ri ll hol e  co rrebtions in this 

a rea have been ve ry difficult. 
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SUMMARY 

The Ray o rebo dy was developed in o l d e r  and younge r 

P recamb rian ro ck s .  Stratigr3.phi cally, the highe st unit o f  the 

Apache G roup affected by the hypogene o re solutions app ears to 

be the arko s e  memb e r  of the Dripping Spring Quartz ite� The 
, . 

deposit is thought to be geneti cally related to the 60 to 61 mill ion 

year old G ranite Mount1.in Po rphyry. Secondary copper mine rali-

z ation is �ound in the P recamb rian ro cks (excluding the Ruin G ranite) , 

the Laramide intrusive s ,  and the Tertia ry conglome rate and vol can i c  

units. 

Supergene chalcocite mine raliz atio n  fo rmed above and 

lateral to the hypogene coppe r o rebody, largely in the pyrite halo . 

The bulk of the s ili cate/oxide o rebody fa nned in a low total sulfide-

high chalcopyrite envi ronment. 

The bulk of the a re grade (at least 0 . 40%) copper minerali -

z ation o ccurs in the s em i -reactive , mafi c ,  P recamb rian diabase ho st 

rock. Molyb denite mineraliz ation favo red the quartzose l ithologies .  

The Ray o rcbo dy i s  lo cated in a ve ry complex structural area • 

Several maj o r  structures have played an impo rtant role i n  the emplace -

ment and sub s equent di splacement and s e condary enrichment of the 

o rebody. The high angle Diab a s e  and the lo w angle Empero r Faults 

a re the most important and obvious s t ructure s  in the mine area. The 

D i ab3.se F :l.U l t  dO \vn d ropped the \ve s t e rn  po rtio n  of the p ri m a ry o re 
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· i. SUMMARY (cont'd) . , I 

zone and te rnlinates the east\vard extens ion of the E mpero r Fault. The 

Emp e ro r  Fault tends to define the lower l imits of th e chalcocite enri ch

ment blanket in the Pearl Handle Pit area. The convergence of seve ral 

majo r fault systems in the northeast Pearl Handle Pit area has c reated 

a very complex z one. Oxi de type mineral i z ation e:-..-iends to greater 

depths within tIn s area; eithe r as the re sult of greater groundwater flow 

circulating through this zone or the do\vn d ropp ing of blocks containing 

coppe r  minerals that were oxidized at highe r elevations. 

'-
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