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A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  
T U C S O N  A R I Z O N A  

June 26,  1975 

TO: W.L. Kurtz 

FROM: J. D. Sell 

Johnson Camp Area 
Cochise County, Arizona 

Recommendation m I recommend that the Superior 0il drilling information be 
obtained both as a possible joint venture and for future guidance of 
exploration activity in the Johnson Camp area. 

Summary w In a discussion with Ben Dickerson, Exploration Manager of the 
Minerals Division of The Superior 0il Company, on June 20, 1975, I was 
informed of the following items. 

Superior has drilled on three different mineral occurrences in the Johnson 
Camp area. 

I. The Dragoon zone, which contains some 15 million tons of 0.5% copper 
as oxide. 

. The "Thing" zone, which wraps around the nose of the Texas Canyon stock, 
and is controlled by three ownership blocks: A) The NW portion by 
Sullivan, et al, contains some 55 million tons of 0.5% copper; B) the 
central portion, controlled by Cyprus Mines, has some 150 million tons 
of 0.5% copper; and C) the SE portion, held by Sullivan, et al, (and 
was drilled by Quintana), contains some 100 million tons at 0.5% coppe~. 
Apparently the entire zone contains some zrnc values and both the copper 
and zinc are as mixed oxide-sulfide mineralization. 

. The Strong and Harris (S&H) zone contains 52 million tons of 0.64~ 
copper and 0.7% zinc. In this area are some 3 million tons of 2.5-3.0~ 
copper-zinc in a high grade zone in Abrigo Limestone. 

Superior has returned, except for the Strong and Harris zone, all the options 
and data to the orrginal owners. The Dragoon zone is held by the CF&I 
Corporation. (A cross-section through a line of drill holes in the Dragoon 
zone was recorded in Ted Eyde's article in the AIME preprint 73-I-357 and 
the recent AIME Transaction Volume 256.) 

Apparentiy metallurgical problems in the tacti'te mineralization and the zinc- 
copper distribution are one facet hindering development of the properties. 
Dickerson states that much of the S&H zone is either oxide or sulfide with 
little mixing. Also, the S&H zone is open to the north and the ultimate 
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W. L. Kurtz - 2 - June 26, 1975 

tonnage may be near 100 million tons for the zone. The adjacent two sections 
to the north are held by a California horse breeder and are probably available, 
but as yet have not been secured by Superior 0il. Ben further believes that a 
sizeable part of the S&H zone is of sufficient thickness to be mined by block- 
caving methods. 

The S&H zone is held with a minimum of work and cash payments, with a moderate 
purchase price on future production royalties. Superior is looking for a 
partner and feels it has $825,000 invested to date. 

The data have been shown to several other companies (AMAX being one mentioned), 
but no serious discussions have been undertaken. 

All the mineralization is in tactite and no porphyry has been noted, except 
for a granite sill-like mass which is identical and traceable into the main 
Texas Canyon stock. 

A short talk-discussion by Joe Kantor is apparently available on the S&H 
ground (and informally on the other two zones), and additional information is 
available for the serious joint-venture applicant." 

One feature of the Johnson Camp mineral zone is that the limestone tactlte is 
in excess of 15,000 feet long by 4,000 feet wide. This is probably one of 
the largest known tactites in Arizona with mineralization of this copper-zinc 
tenor, in which a porphyry source has yet to be delineated. Kantor, in his 
talk at Silver City in May, ascribes the mineralization source to be the 
granite sill which cuts through the limestones at a steep angle. This is 
based, apparently, on the fact that, as the drilling progresses away from the 
sill, the grade and extent of tactite-ore mineralization decreases. The 
block was subsequently uplifted, tilted, and much of the sill and upper 
Paleozoic units eroded and beveled to the present configuration. 

A secondary possibility is that the Texas Canyon stock and associated granite 
sill we're responsible for the tactite development, but that a porphyry source 
is lateral to the drilled portions and was the source of the ore mineraliza- 
tion which used the granite sill and tactite development as a channelway 
guidance system. Further information on any mineral zoning patterns and 
disseminated-replacement-fracture filling mineral occurrence patterns would 
aid in clarifying the problems at Johnson Camp. 

Parts o f  the in fo rmat ion  needed should be a v a i l a b l e  through Super io r ,  Quintana, 
CF&I, S u l l i v a n ,  and poss ib ly .  Cyprus. Also-, Cont inenta l  Ma te r ia l s  has a lso 
d r i l l e d  a few holes nor th  in the gravels  and t h i s  in fo rmat ion  may be a v a i l a b l e  
f o r  i n t e g r a t i o n  in to  an ove ra l l  p i c t u r e  of  t a c t i t e - m i n e r a l - p o r p h y r y ( ? )  
d i s t r i b u t i o n ,  

James D. Sel l  
JI)S: ]b 
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~.T.~ .  Johnson Car~ Area 
C0chise'County, Arizona 

Recommendation .-~ I recOm~nd that the Suaer|or Oi.I d r i I l i n g  informa~i,on be 
obca!ned bo~h.as a possible j o i n t  venture and for  future guidance of, 
explorat ion,  a c t i v i t y  in the Johnson Ca~ area. 

Su~unarv.= - -  In a discussion ~ i th  Ben 0lckerson, ExPlorat ion Reneger,oF the 
Ninerais Div is ion o f  The Superior Oil Company, on June 20. 1975, I was 
I n f o r t ~  b'f the fo l lowing ~teme. 

SUperior has d~]' l le~ on three d iEferent  mineral occurrences in the.,Jehnson 
-Camp a~ea. 

1. Tbe.Dra~oon zone, which contains some 15 m111|on tons of 0 . 5 ~ c ~ p e r  

2._ The "Thing! ~ zone. whi'ch wraps around the nose 0¢ the Texas Canyon stdck, ,~< -;:# 
an~ is: ,co~trol le~ by ~hree ownership blocks; A) The N~ port ion b y  "~.=-'.~: 
~ui l i .van, e t  e l ,  contains some 55 m i l l i on  tons of 0 .5~Sopper ;  B ) t h e  • , ,  
~=~nt~r| por t ion,  controi~e~ by Cyprus ~ines,, has sor~a |50 mi l l ion,  tons 
of 0.5~ ¢opper;~ &nd C) the.SE por t ion ,  held by SuTlivanT, et a | , ' ( a n d  ~, 
was d r l l ! e d  by ~uin~ana), contains• s~e  'IQ0 m i l l i on  ton~ a~ 0.5~.co~pe£; -~ 
Appanenbly the e n t i r e  zone contains Some zlnc ,values and both ;tE e '¢d~p.#r 
and zinc are:as mixed ox ide-su l f i de  m i n e r a l i z a t i o n .  

3. The =$trohg~and:Hbrris '(S&H) .zone contains 52 mli ' l ion tons of 0 .6~ ,  
¢opp~.r and-O.7~:z!nc. In th is  area are some 3 to i l l ion  tons of2-.:5~3~.0~ 
copper-Zinc In a high 9rade zone in Abrlgo Limestone. 

5"uperior has returned, excepl~ ,for the Sto0'ng and .Harris zone, a l l  the.~opl:,ions 
and da):a to ~he, ori:gina'l"owners; , The 0ragoon zone is-he,l~l 10:~; the CF~I " • 
Corporation. (A cr0'Ss='secti0n through a l lne. o f .dn i : t l  ~ o l e s i n  the Dra~oo~ 
z0ne•wa•s r e c o r d e d - i , n  Yed I~yae's art!c ' te in t'ha AIME, Pre'p~in~i: 73-i-~i57•;•ra~d • 
the recent AIME' l~'ransactilon VOl,qme' 256. ) 

Apparent~l~y:,~tat•Iungi'cal problems In the tact,T,~e mtnera~l,l~zat=on end the,~ZlnC-, 
C6pp(~:~'i~::r,d'~'st'ribu~,:ilon, ~1 r~ o~e !~,~t"et h I nderl!ng deve~] opment .oE l~Ee p,~oper;t~i:eS,,, 

$l!:t,le.mlxt,ng~ Aiso; , t l le  $81t zone is 0pen to the north and, the u~!:til~ate 



AHERICAN SHELTING AND REFINING COHPANY 
Tucson Arizona 

October 1967 

FILE HEMORANDUH 

Johnson Camp Area 
Cochise County~ Arizona 

On AuguSt 2~, Hr. Welch, Hr. Rlcha~and I v i s i ted  Johnson Camp where 
i ra Mese|ey has started open cut work on a showing of  oxide copper 
minera l iza t ion  which he expects w i n  produce st | iceous f l ux  fo r  Hayden. 
Al thoughminlng had not progressed far  enough to determine the extent 
of the deposit ,  the copper appears to be confined to a th in slab 
(~ID feet, : In thickness) of t a c t l t e  Immediately over ly ing the Dripping 
Springs quar tz i te  of the Pro-Cambrian Apache group. (The pr inc ipal  
production at Johnson Camp, around 800,000 tens of copper-zinc ore, 
reportedly came from tac t t t e  d~posits in the overly i~g Cambrian 
Abrlgo l imestones). 

The pr inc ipal  copper ~lne~als in the open cut are s i l i ca tes ,  which 
formed essent ia l l y  in •place; he.ever, in the quar tz i te  in the f ~ t w a l l  
thorough leaching ~f  o r ig ina l  sulphide minera i |za t ion  has taken place. 
Th l sbed ,$ rom IO0 to 200 feet th ick ,  forms a 3 ~ ,  northwesterly trending 
ridge about I000 feet southwest ef the Republic Hine. I t  contains a 
basal quar tz i te  member (B~rnes congl~erate)  and is under la in by a 
black micaceous schist  (diabase s i l l R )  a gray-white se r i c i t e  sch i s t ,  
quar tz i te  and Plnal sch is t ,  in that order. The Scan|on ¢ongl~nerate, 
from zero to two feet  th ick ,  l ies  at  the base of the lower quar tz i te  
in sharp angular uncenformlty wi th the Pinal Schist (see geologic 
section attached). 

As evidenced by outcrops a16ng ~he ridge~ ~ the q~artz~te o r i g i n a l l y  
contained general ly weak but pervasive d lssemrnatedpyr i te-¢halcopyr i te  
minera l lzat ton.  Dark maroon ta black l imon l te -a f te r  chalcoci te occurs 
s !~ rad ica l l y  along j o i n t  planes and occaslonally~as minute cavi ty  
f i l l i n g s  in the rock mass, ~. 

Simi lar  outcrops were found along s t r i ke .  Over a distance of  a 
mi le or mere, diminishing I n s t r e n g t h  Somewhat on the northwest. Exception 
are small outcrop, the bed is concealed by al luvium on the southeast, 
beyond the Keystone Hine area. 

Several northeaster ly fau l ts  cut access the bedS, shewing for  the 
mos~partmSnor despiacements. Copper oxide minerals occur sparingly 
along these fau l t s ,  wh|ch extend southwesterly into the Pinal schis t ,  
but the disseminated minera l izat ion terminates bbrupt ly at  the base of  
the Barnes conglmnerate, 

J.H. Court r |ght  
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson. Arizona 

December 16, 1966 

Mr, K. E. Richard, Chief Geologist 
American Smeltlng and Refining Company 
120 Broadway 
New York, N, Y, 10005 

JOHNSON CAMP 
LITTLE DRAGOON HTNS. 
COCHISE COUNTY| ARIZONA 

Dear S i r :  

Attached is Mr. Burr Devere=s memorandum on recent developments 
at  Johnson Camp. 

Cyprus d r i l l i n g  downdip northeast of MoselyBs s i l i c a  f l ux  p i t  
has disclosed extensive ore grade minera l i za t ion  as disseminated 
cha lcoc i te  and cha lcopyr i te  in the t a c t i t e s  of the Abrigo formation 
which over l ies  the Bolsa qua r t z i t e .  Above the cha |coc i te ,  there '~ 
is a layer of  p a r t i a l l y  ox id ized copper ore. The resu l ts  to date 
ind icate 15 m i l l i o n  tons of .8% Cu and .05% Holy. The occurrence 
of cha icoc i te  in presumably somewhat iimey t a c t i t e s  is ,  of  course, 
an unusual s i t u a t i o n .  

You w i l l  reca l l  our examination of th is  area back about the 
time the small p i t  was s tar ted in the Bolsa qua r t z i t e  outcrop j u s t  
west of  the old Johnson Camp mine. I t  was noted at  that  time that  
the leached outcrops of  the qua r t z i t e  suggested possib le ore grade 
m inera l i za t ion  fo r  a s t r i k e  length of  !0001 and more. Although 
Cyprus had e s s e n t i a l l y  abandoned the area some time back, they 
s t i l |  held the property  and were not in terested in a deal of  any 
kind other than a short  term lease which was taken by McFarland 
and Hui l inger  fo r  the purpose of mining a few p i l l a r s  and ore 
remnants in the old underground workings. 

JHC/kw 
Encl osu re 
CO: 

Yours very t r u l y ,  

H, COURTRIGHT I f  

RFWe|ch, w/enci ,  
BJDevere 
C i rcu |a te  f i l e  copy to SVonFay. 

WESaegar t 
BNWa tson 
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

December 9, 1966 

J .C 
I 6 I9@ 

TO: J.H. COURTRIGHT 

FROM: B. J. ,DEVERE 

I n t r o d u c t i o n :  

J 

JOHNSON CAMP' 
LITTLE DRAGOON MOUNTAINS 
C0CHISE COUNTY~ ARIZONA 

Fr iday ,  November 25, 1966, i spent tou r ing  the Cyprus Mines d r i l l i n g  
opera t ions  at  Johnson Camp. The t r i p  was conducted by Mr. Bob Clayton,  
geo log i s t  in charge of  the d r i l l i n g .  Mr. Clayton was good enough to 
show me the d r i l l  core,  logs,  maps, c ross -sec t i ons ,  and the sur face in 
the areas of  present  i n t e r e s t .  

Attached are two maps and one c ross -sec t i on .  Attachment A shows 
the two areas of  pr imary  i n t e r e s t  a t  the present  t ime. Area Number One 
is in the process o f  d r i l l i n g ,  wh i le  area Number Two w i l l  be d r i l l e d  
l a t e r  next year.  Attachment B shows the approximate loca t ion  of  the f i v e  
opera t ing  d r i l l  r igs  when I v i s i t e d  the p rope r t y .  The c r o s s - s e c t i o n ,  
attachment C, isdiagrammatic w i t h  some of the in format ion from personal 
observa t ion ,  and the sub-sur face in format ion  f rom memory from sect ions 
shown me by Cyprus personnel .  

Summary & Conclusions:  

The Johnson Camp mineral  occurrence,  of  copper and molybdeni te ,  
represents a poss ib le  orebody of  economic s ize and grade. The present  
i5 m i l l i o n  tons of  .8% Cu. and .05% Mo. could be enough fo r  a smal l ,  
l i m i t e d ,  opera t ion .  

The m i n e r a l i z a t i o n  is mixed ox ide,  carbonate,  s u l f i d e  ore in a s i l i c e o u s  
d iops ide ho rn fe l s .  The ho rn fe l s  is developed from the shaly l imestone of 
the lower p o r t i o n  of  the Cambrian Abr igo fo rmat ion .  

The ~ u l f i d e  ore is l a r g e l y  c h a l c o c i t e ,  coat ing and rep lac in  9 p y r i t e .  
Cha lcopyr i te  is ev ident  but in smal| amounts (~ .2% Cu.) along f r ac tu res  and 
quar tz  v e i n l e t s .  

Molybdeni te m i n e r a l i z a t i o n  is ev ident  as v e i n l e t s  and small blebs along 
quar tz  veins.  Some d r i l l e d  i n t e r v a l s  are said to assay as high as . i5% Mo. 
w i th  the average Mo. grade around .05% 
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J. H. Cour t r ight  ..... -2- December 9, 1966 

Of l~he 15 m i l l i ons  tons of ,8% copper ore .3% Cu. is reported as 
oxides and carbonates and .5% Cu. as su l f ides .  

Geo l ogy: 

The surface~of the areas of in te res t  (see attachment A) are about 
70% covered by al luvium. = The remaining 30% is Cambrian Bolsa quar tz i te ,  
and Abrigo |imestone a l tered to hornfe ls .  

The quar tz i te  and hornfels beds s t r i ke  general ly N 50 ° W, dipping 

to the NE at  about 40 ° . " 

On the surface the hornfels has a leached appearance with considerable 
l imoni te s ta in ing and Occasional copper s ta in  along f ractures . The 
cha icoc i te ,  in the hornfe ls ,  is found replacing py r i t e  along f rac tu res ,  
quartz ve in le ts  and in very f ine  p inpo in t  disseminations. 

"L ive L imoni te , "  a f te r  cha lcoc i te ,  is not evident in the hornfels 
on the surface but is evident in the Bolsa quar tz i te .  The strongest 
concentrat ion of surface minera l i za t ion  is in the Bolsa quar tz i te  to the 
west of  Moselyls s i l i c a  p i t  and in the s i l i c a  p i t  a t  the contact of the 
quar tz i te  and the hornfe ls .  

The py r i t e  to cha lcopyr i te  r a t i o  seems to be unusually high. A 
b r i e f  inspection of the core revealed small (~ .2%) amount of cha lcopyr i te  
mostly along f rac tures and quartz ve in le ts .  The py r i t e  is present bo th  
as ve in le ts  and p inpo in t  dissemination throughout the hornfe ls .  The 
to ta l  primary su l f i de  content looks to be about 3-4 % which apparently 
has generated enough acid to completely neut ra l i ze  the ava i lab le  calcium 
carbonate. 

Curre.nt. Explorat ion A c t i v i t y :  

At the present time the area of  d r i l l i n g  is confined to the immediate 
area of the Republic Shaft and the Old Coronado Copper Company workings. 
D r i l l i n g  w i l l  be stepped out,  in the near fu tu re ,  to include a l l  the area 
shown as Number One on attachment A. 

Unt i l  recent ly  the d r i l l i n g  has been res t r i c ted  to the lower Abrigo 
formation along the Bolsa quar tz i te  contact.  Minera l i za t ion  in th is  
horizon was f i r s t  recognized in the area of the Mosleyls s i l i c a  p i t .  

In the middle of November three d r i l l  r igs were moved about I /2  
mile to the east of the known mineral ized zone (see attachment B). These 
r igs have cut chalcoc i te  minera l iza t ion  about 200 feet  above the Bolsa 
quar tz i te  contact ,  and about on the horizonal p ro jec t ion  of  the minera l i za t ion  
d r i l l e d  along the contact zone. 

Forty one d r i l l  holes had been completed at the time of my v i s i t .  
About 30 of these holes penetrated the Bolsa quar tz i te  and were stopped 
e i the r  in barren diabase or sch is t .  
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J. H. C o u r t r i g h t  -3-  December 9 ,  | 966 

Cyprus p r e s e n t l y  has 5 t r uck  mounted, Joy Diamond D r i l l s  work ing on 
the proper ty .  These r igs are working 2 s h i f t s  a day, 6 days a week. Mr. 
C|ayton told me that Cyprus had approved $500,000 worth of d r i l l i n g  for 
the Johnson Camp a r e a .  

Land Status: 

Cyprus Mines has t i e d  up a l l  the su r round ing  land through s t a k i n g ,  
s t a t e  lease,  and o p t i o n ,  f o r  several  mi les  around the p r o p e r t y .  One 
small b lock  of  open ground i:s he ld by a Mr. Reys a t  the Keystone Mine, 
but  h is  h o l d i n g s  are too smal| to be o f  much i n t e r e s t .  The chance o f  
g e t t i n g  a f o o t h o l d  i n t o  the area a t  t h i s  t ime looks very remote. 

BURTON DEVERE JR. 

BD/mg .. 
At  tachmen ts 
cc: 4 Extra w/attachments 
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LOCALIZATION OF PYROMETASOMATIC ORE DEPOSITS 
AT 

JOHNSON CAMP, ARIZONA 
by 

ARTHUR B. BAKER III 

INTRODUCTION 

Johnson Camp is in the northwestern part of Cochise County, Arizona, 
about 50 miles east of Tucson. The nearest major mining districts are Tombstone 
and Bisbee, respectively 27 and 50 miles to the south, and the Superior-Miami- 
Globe-Ray porphyry copper group, about 90 miles to the northwest. 

Like many mining camps of the Southwest, Johnson Camp is said to have 
been worked by the Spaniards. The earliest known production was in the early 
1880's, when a large amount of oxidized copper-silver ore in the Peabody Mine 
was mined from replacement orebodies in the Pennsylvanian Naco formation. From 
1905 to 1911 outcropping oxidized ores oocurring in the Cambrian Abrigo forma- 
tion were worked, and an estimated lO0,000 tons of copper ore were shipped. In 
1918 the first large sulfide orebody of the district, the Republic Manto Orebody, 
was discovered~ and in the following few years some 250,000 tons of predominantly 
sulfide ore were shipped. The average grade of this ore was approximately 4.5% 
Cu, 6% Zn, 0.8 oz Ag, and 0.OO1 oz Au. The Republic~ Copper Chief and Mammoth 
Mines were the principal producers during this period. Mining ceased in the 
district after 1920, and until 1943 only small-scale leasing operations were 
carried on. 

In 1943 all of the mines that had been productive were acquired by the 
Coronado Copper and Zinc Co., the present operators, and in the nine years since 
that time the district production has amounted to approximately 350~000 tons of 
milling ore averaging 2% Cu and 6% Zn. Most of this ore was produced from the 
Republic and Mammoth Mines, but since 1950 a large part of the production has 
been from the new Moore Mine. 

The total known production from the district, then, has been about 3/4 
million tons of copper and copper-zinc ore of rather low grade. All of this ore 
was produced from orebodies associated with garnetite3 occurring in the middle 
member of the Cambrian Abrigo formation. In addition to this known production, 
an unknown tonnage of ore was extracted from the Peabody Mine orebodies that lie 
in the Pennsylvanian Naco formation. 

Published information on the geology of the district is limited. Aside 
from brief references in various mining journals, only three papers on the dis- 
trict have been published. * One of these is a U. S. Bureau of Mines report on 
a diamond drilling program. Of the other two~ one is a brief paper on the general 
geology of the district, and the other is a report on geochemical experimentg, 
with a section on the occurrence of the orebodies. Both of these are by John 
Cooper, of the United States Geological Survey, who has done much detailed work 
in the area. 

(* See Bibliography at end of paper .) 
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The writer is indebted to the Coronado Copper and Zinc Company for 
permission to present this paper. 

STRATIGRAPHY 

The rocks of the mineralized area are Paleozoic sediments ranging in 
age from Cambrian to Pennsylvanian. Several disconformities are present in the 
stratigraphic column, the most important one being between the Cambrian Abrigo 
formation and the Devonian Martln formation. There are no angular unconformi- 
ties. Within the district, the Paleozoic sediments lie in a fairly uniform 
monocline, striking northwest and dipping 30 °- 40 ° northeast. This local mono- 
cline is part of a domal structure centered in the Little Dragoon mountains to 
the southwest. 

South of the mineralized area is the Texas Canyon stock~ a quartz 
monzonite body intruded probably during the Laramide revolution (2, p. 33). 
The Paleozoic rocks dip away from the stock, and on the surface are separated 
from it by a belt of Pro-Cambrian schist 1500' wide at its narrowest point. The 
outcrop pattern of the northern edge of the stock suggests that it may plunge 
rather gently north, passing below the mineralized area at moderate depth. No 
quartz monzonite has been folmd in mine workings or diamond drill holes, which 
reach to depths of lO00'. The only igneous rock found in the mineralized area 
is a lampro~hyre dike cutting the Naco limestone in and near workings of the 
Peabody Mine. 

With the exception of the lowermost beds -- the Bolsa quartzite and 
the shaly lower member of the Abrigo formation -- the Paleozoic sediments are 
predominantly carbonate rocks (Fig. 1). The middle member of the Abrigo forma- 
tion, which contains the principal ore-bea~ing beds, is a limestone with thin 
shale partings throughout most of its 250' thickness. Near the top of this mem- 
ber is a sandy bed some 25' thick. The upper member of the Abrigo formation and 
the lower half of the overlying Devonian Martin formation are dolomitic, with 
numerous quartzite beds and sandy dolomite beds. The upper half of the Martin 
formation is principally pure dolomite, while the Mississippian Escabrosa forma- 
tion and the Pennsylvanian Naco formation are chiefly pure limestone. 

Small lenses and stringers of ore minerals occur in all of the Paleozoic 
sediments, and in a few places in t~e Precambrian rocks. Commercial orebodies, 
however, are found only in the middle member of the Abrigo formation, with the 
exception of the Peabody Mine orebodies which lie in the Naco formation. The 
scope of this paper is limited to consideration of the orebodies in the Abrigo 
formation, and their associated metamorphic rocks. The metamorphism associated 
with the mineralization has affected not only the middle member of the Abrigo 
formation, but also the impure dolomites of the upper member of the Abrigo forma- 
tion and the lower half of the Martin formation. 

STRUCTURE 

Faulting 

The sedimentary rocks are broken and displaced by three groups of 
fractures : The Northeastmr faults, the Easter faults, and the Northwester faults. 
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Included in each of these three groups are not only faults with appreciable dis- 
placement, but also numerous non-displacing fractures that have the same char- 
acteristics as the faults except displacement. Included in the Northeaster 
fault group, for instance, are about 30 known faults with displacements~ and some 
200 identical fractures without displacement. 

The Northeaster faults are normal faults striking N 15 ° - 20 ° E and 
dipping 65 ° 75 ° E. On those faults of the group that have appreciable dis- 
placement, the movement has been directly down the dip of the fault surface. %~o 
faults of the group displace the beds by as much as 200', but for the others the 
maximum displacement is 40', with the great majority having no displacement at 
all. 

Vuggy, symmetrically banded quartz-orthoclase veins up to one foot 
wide are common in Northeaster fractures where the walls are either ore or 
metamorphic rocks, but in unmetamorphosed sediments there is usually only a 
slightly silicified zone a few inches wide. Chalcopyrite, pyrite, bornite, 
scheelite, argentiferous tetrahedrite, fluorite, wolframite and galena have 
been found in the veins. The last four of these are found only in the North- 
easter veins; they do not occur in the bedded orebodies. No zinc minerals are 
found in the veins. The veins are nowhere wide enough to constitute orebodies 
in themselves, and the sulfides are abundant in them only where the walls of the 
veins are ore of the bedded orebodies. The sulfides are later than the vein 
silicates~ since they mould around silicate crystal faces and replace silicates 
along fractures. The walls of most Northeaster fractures are chloritized to the 
depth of about l", regardless of whether the fractures carry sulfides or other 
vein matter. On all of the displacing faults, and on mm~y of the non-displacing 
ones, this chlorite is strongly sheared. 

The faults of the Easter group strike N. 70 ° E, to S 70 ° E, and dip 
either about 45 ° S or 80 ° S. Most Easters are normal faults, offsetting the 
beds by as much as 250', but one major Easter is a reverse fault with offset 
ranging from 50' to 150'. At most places Easter faults consist of a zone of 
sheared chlorite a few inches to three feet thick, with occasional fragments of 
partially chloritized wall-rock embedded in the chlorite. Where the faults 
pass through orebodies, this main zone is sometimes bordered by a zone in which 
the ore wall rock has been shattered and then partially replaced by chlorite 
along the fractures. The chlorite in these zones is sheared like that of the 
zones of major movement, but the wall-rock fragments have been neither rotated 
nor moved any appreciable distance. In rare instances, at or near the inter- 
sections of the Easter faults with orebodies, chalcopyrite occurs in the fault 
zones, intergrown with unsheared Chlorite. In one small area of an Easter fault 
zone, molybdenite occurs as a replacement of chlorite along shear surfaces. 

Faults of both the Northeaster and the Easter groups are distributed 
fairly uniformly throughout the district. Northwester faults, however, are 
common only in the western end of the district, and are almost entirely absent 
toward the eastern end. The Northwester faults strike about N lO°W and dip 
steeply either east or west. The maximum known displacement is 150'. The 
Northwester fault zones sometimes contain quartz veins similar to those of the 
Northeaster faults, but more often they are simply sheared zones a few inches to 
a few feet in width. 
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Movement on all three groups of faults was essentially contemporaneous, 
as is shown by the fact that faults of each group are cut and offset by faults 
of the other two groups at one place or another in the district. The initial 
development of the faults began before the metsmorphism an~mineralization, 
since faults of both the Northeaster and Easter groups locally influenced the 
distribution of the metamorphic rocks and ore. Ore fragments found in the shear 
zones of faults of all three groups demonstrate that some of the movement was 

later than the mineralization. The final fault activity in the district was the 
movement that produced the lOO' and greater displacements on the major Easter 
faults~ since these Easters offset all the faults of the other two groups that 
they intersect. 

Folding 

Superimposed on the regional monocline of the Paleozoic sediments are 
two sets of shallow warps the Manto folds and the Winze folds. The axes of 
the two sets of folds are at right angles to each other: the Manto folds trend 
between due east and S 70 ° E and plunge 15 ° E, while the Winze folds trend about 
N lO ° W and plunge 30o N. Folds in both groups are best developed in the ore- 
bearing beds, decreasing in intensity above and below these beds. Although all 
of the folds are very shallow, some of them are at least 700' long. 

The most completely developed fold in the district is the Republic 
Manto fold, which along part of its length is an anticline some 150' broad with 
about 20' of closure. The four other known Manto folds are simply structural 
terraces not more than 60' wide (Fig. 2). The axial plane of the Republic Manto 
fold dips steeply south~ but the axial plane attitudes of the other Manto folds 
are not known. All of the known Manto folds lie approximately parallel to the 
intersections of major Easter faults with the beds, but from 50' to 150' away 
from these intersections. The parallelism suggests that the two kinds of struc- 
tures are genetically related. The Manto folds are somewhat earlier than the 
Easter faults, however, since in one case a Manto fold is ci~ off by a warped 
portion of an Easter fault. 

The Winze folds are much less clearly defined than the Manto folds, and 
in some cases the presence of a fold is inferred from very limited evidence. The 
difficulty in outlining Winze folds stems principally from their extreme shallow- 
ness~ the presence of numerous small faults further complicates the matter. The 
most well-exposed of the Winze folds is the Northeast Winze Fold, an anticline 
some 300' broad with closure of 15 ~ (Fig. 3)- Of the two other known Winze folds, 
one is a shallow syncline 150' broad, and the other is an anticline 75' to 150' 
broad with scarcely discernible closure~ Where the folds cannot be directly 
mapped~ their presence is inferred from changes of a few degrees in strike and dip 
of the bedding. 

The axial plane attitudes of the Winze folds are unknown. The folds 
trend approximately parallel to the strike of the Northwester faults, but two of 
the Winze folds are 500' or more from the nearest Northwester fault, so a genetic 
relationship is doubtful. 

Both the Manto folds and the Winze folds are offset by faults of the 
Northeaster and Easter groups, and therefore are older than those faults. There 
is no direct evidence as to the folds' ages relative to the Northwester faults, 
but probably the folds are older than those faults also. Since the faults are 
older than the metamorphism and mineralization, the folds must also be older, a 
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conclusion that is borne out by the fact that nearly all of the ore and some of 
the metamorphic rocks of the district are localized in shoots lying along the 
axes of folds of both groups. 

METAMORPHISM AND MINERALIZATION 

Description of the Rocks 

Two kinds of rocks resulted from the metamorphism at Johnson Camp; they 
are known locally as white tactite and garnetite. A third type of rock, formed 
during the mineralization phase rather than the metamorphic phase, is the ore 
itself. 

The white tactite is a very fine-grained greenish-gray to white rock~ 
composed of diopside, quartz and orthoclase. Diopside is the predominant mineral, 
making up from 40% to 804 of the rock, with either quartz or orthoclase or both 
making up the remainder. Diopside grains are subhedral to euhedral, and always 
less than 0.5 mm in diameter, while quartz and orthoclase form ragged inter- 
grown masses with a maximum dimension of about 5 ram. In a few thin sections, 
thin beds of fragmental orthoclase are found. 

The garnetite is a coarser-grained reddish rock made up Of roughly 
50% grossularite, 30% diopslde, and 20% quartz and/or calcite. As in the tactite, 
the diopside is in very small subhedral to euhedral grains, while the quartz and 
calcite form irregular masses. Much of the grossularite occurs in bands composed 
of nearly pure grossularite, and in these bands it forms anhea~al grains up to 
5 mm. in diameter. Outside of these bands, where crystals did not interfere with 
each others' growth, the grossularite is euhedral. Two types of grossularite, 
both of them anisotropic~ are always present. The older type which forms the 
cores of isolated crystals and ma~es up thebulk of the purer grossularite bands, 
is dodecahedrally twinned. The younger type, Which forms euhedral rims around 
cores of the older type, is twinned in concentric bands parallel to the rims. 
This younger grossularite contains ~ relatively high proportion of manganese. 

The ore of the district is markedly banded parallel to the bedding s 
with the sulfides and associated minerals being concentrated in bands from 2" to 
14" thick, separated by bands of garnetite waste of similar thickness • Aside 
from scatterer spots of sulfides, the garnetite bands are barren. The grade of 
the sulfide bands is approximately constant, so that the grade of ore broken 
depends largely on the relative thickness and number of sulfide bands and 
garnetite bands. 

The minerals of the sulfide bands are sphalerite, chalcopyrite~ 
tremolite, chlorite, calcite, pyrite, bornite, molybdenite, scheelite, magnetite 
and hematite. These minerals always occur together, and in thin section they 
are seen to be always younger than the minerals of the metamorphic rocks. They 
form a genetic group distinct from the metamorphic minerals. Sphalerite and 
chalcopyrite are the most abundant minerals of the group, making up the bulk of 
the volume of the sulfides bands. Tremolite, chlorite and calcite are the most 
consistently abundant of the non-metamorphic gangue minerals; only scattered 
crystals of the others are found in most of the ore. 

Within the sulfide bands~ Which are more or less continuous over the 
entire length and breadth of a single orebody, sulfides often form nearly solid 
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masses, with only scattered grains of gangue minerals. The only garnetite miner- 
als present are corroded crystals of grossularite and occasional remnants of 
diopside grains. Since the intervening garnetized beds were so unfavorable for 
sulfide deposition, it is probable that the beds that now c0~tain the sulfides 
were at no time verythoroughly garnetized. This conclusion is supported by the 
fact that at the edges of orebodies, sulfide bands often grade out into ungarnet- 
izedlimestone, while the garnetite bands continue several feet orseveral yards 
beyond the ends of the sulfide ban~s. 

Outside of the orebodies, sulfides occur in scattered small sP0ts in 
both garnetite and white tactite. For the mo~t part these spots are Concentrated 
in particular beds of the metamorphic rocks 3 and the bulk of the rocks are barren~ 
In these disseminations, as in the orebodies, the sulfides and their associated 
minerals are always younger than the metamorphic minerals. 

Distribution of the Rocks 

Stratigraphy was a higkly important factor in localizing both the white 
tactite and the garnetite. Garnetite was formed only in the limestones of the 
Middle Abrigo and in limylenses'of the Lower Abrigo, while with rare exceptions~ 
white tactite was formed only in the impure dolomites of the Upper Abrigo member 
and the lower half of the Martin formation. The known exceptions to this latter 
rule are two areas in which Middle Abrigo limest0nes~ which would normally be 
garnetized, are tactitized in the footwall of major Easter faults. The most 
notable sucharea is in the Republic Mine~ where a pipe of white tactite 150' 
thick (stratigraphically), 200' wide (down the bedding dip) and 1500' long lies 
under the Republic Fault, an Easter Fault. (Fig. 2). 

Within the beds favorable for its formation, the white tactite is 
much more widely distributed than are the garnetite or the ore in their favorable 
beds. Throughout the district~ most of the beds of the impure dolomites have 
been altered to quite unlformwhite tactite, regardless of variations in propor- 
tions of silica and dolomite from bed to bed in the original sediments. The beds 
most resistant to the tactitization were the purer quartzites and dolomites. In 
some areas, particularly above orebodies, even these resistant beds are thor- 
oughly tactitized. Except for these more intensively metamorphosed areas~ the 
susceptible beds are uniformly tactitized throughout their known extent - about 
lO,O00' along the strike and 2,000' down the dlp. 

The limestones were much less uniformly metamorphosed. Although the 
entire thickness of the Middle Abrigo and part of the Lower Abrigo were garnetized 
around the area of abnormal tactitization belo w the Republic Fault, only the 
uppermost 50' of the Middle Abrigo were consistently favorable for garnetization. 
These beds, from the bottom up, are 30' of lim~ sandstone; 20' of coarse-grained 
limestone~ and 25' of similar limestone with n~merous shale beds up to 3" thick. 
The top of the uppermost bed is the contact with the tactized Upper Abrigo. 
Usually only the sandstone and the non~shaly limestonearegarnetized~ but in 
some disturbed areas the shaly limestone also is garnetized. The beds below the 
sandstone are rarely altered. Even within these beds most susceptible to 
garnetization, large areas are essentially unaltered: outside of the abnormally 
metamorphosed areas, nearly all of the garnetite is confined in distinct shoots. 
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Four garnetite shoots are known in the district: the Northeast Winze 
and 760 Garnetite Shoots in the Republic Mine (Fig. 4), and two others in and 
near the Moore Mine, at the western end of the district. Three of these shoots 
contain ore as well as garnetite. The shoots are at least 500' long and from 
lO0' to 300' wide. The thickness rauges from 50' in places where only the most 
susceptible beds are garnetized, to 75' where the overlying limestone as well is 
garnetized. Within the shoots, most of the rocks are thoroughly garnetized, 
except some of the purer bands of the sandstone bed and the ore-bearing portions 
of the shoots, where as much as 50% of the rock may be ore. The hanging and 
footwalls of the shoots are bedding planes, and therefore quite regular, but the 
edges are very irregular in cross-section, since the extent of garnetization 
along individual thin beds is variable. 

The long axes of three of the garnetite shoots trend N lO ° W, and in 
each of these shoots the outline of Winze folds can be discerned locally, but the 
folds are too shallow to be traced continuously along the entire length of the 
shoots. The fourth garnetite shoot is kuown only from diamond drill hole ex- 
pos~re~so no fold can be distinguished. The shoot trends easterly, however, so 
it probably lies along the axis of a Manto fold. 

The mineralogical composition of the metamorphic rocks, as well as their 
distribution, demonstrates the importance of stratigraphy in their localization. 
The white tactite, which is composed largely of the magnesian mineral diopside 
with two exceptions was formed only from dolomitic sediments. The garnetite~ 
composed largely of the limy non-magnesian mineral grossularite with minor 
amount~ of diopside was formed only from limy sediments. The distribution of 
the metamorphic rocks within their chemically favorable beds is also in part a 
reflection of stratigraphic characteristics: permeability and competence. The 
dolomites were evidently highly permeable at the beginning of metamorphism, 
since they were widely tactitized. Whether this permeability was due to por- 
osity or to shattering, i.e. competency, is not known. The limestones, on the 
other hand were not generally permeable, but because of their competency they 
were shattered along zones of structural deformation. The garnetization, there- 
fore, was limited to well-defined zones where the metamorphosing solutions 
were able to penetrate the rocks along the deformed zones. 

Structures were evidently of minor importance in localizing the white 
tactite, except in the cases of the anomalously tactitized areas of the Middle 
Abrigo. Here, faults seem to have acted as barriers, but their exact mechanism, 
and the chemical processes that took place~ are not known. In the dolomites, 
where white tactite was the normal result of metamorphism~ the only indication 
of structural control is the presence of areas more intensively tactitized then 
usual above ore and garnetite shoots. 

Both faults and folds localized garnetitemasses, and the total volume 
of garnetite localized by each kind of structure is about the same. However, the 
garnetite localized by a fault is all in one large mass, beneath the Republic 
Ea~er Fault~ while there are four separate shoots of garnetite localized by 
~olds. In general, therefore, it may be said that folds are more common than 
faults as localizing structures for garnetite. 

For practical purposes~ the ore like the metamorphic rocks~ can be 
considered partially localized by stratigraphy: with three small exceptions all 
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'~f the orebodies lle in the uppermost 50' of the Middle Abrlgo member. The 
mo~t persistently ore-bearing bed is the non-shaly limestone that is also com- 
monly garnetized~ but locally ore extends into the beds above and below. 

All of the orebodies, without exception, lie within garnetite masses, 
the sulfides being interlayeredwith the uppermost beds of garnetite. The 
orebodies associated with distinct garnetite shoots such as the Northeast 
Winze and 760 Winze 0rebodies of the Republic Mine have the same general size 
and outline in horizontal projection as do their containing garnetite shoots 
(Fig. 4). The orebodies in the smomalously metamorphosed area of the Republic 
Mine are much smaller than the garnetite mass, but their axes are parallel to 
the long axis of the area. The three orebodies occurring outside of the main 
ore-bearing beds are in this area. They lie in two lower beds of the Middle 

Abrig0, but because the Middle Abrigo is here anomalously tactitized, they are 
nonetheless in the uppermost part of the garnetite (Fig. 2). 

This confinement of ore to the topmost garnetized beds, whatever their 
stratigraphic position may be, suggests that the top of the garnetite, rather 
than any particular bed, forms the favorable ore zone. Throughout most of 
the district, however, only the beds near the top of the Middle Abrigo are 
garnetized, so that in general the ore may be considered somewhat distantly 
localized by stratigraphy. 

Most of the orebodies of the Middle Abrigo are elongate lenses from l~' 
to 40' thick and 35' to 300' wide. The length ranges from 150' to 800'. The 
orebodies lie along the axes of either Manto or Winze folds, and their dimensions 
are largely reflections of the character of the folds containing them. Orebodies 
lying in the broad shallow Winze folds are wide and thin~ while those lying in 
the narrower, tighter Manto folds are narrow and relatively thick. An exception 
to this general rule is the West Orebody of the ~ Republic Mine, which is a broad 
irregular lens with variable thickness (Fig. 4). Its irregularity probably 
results from the fact that it lies at the junction of the Republic Manto 0rebody 
and the 760 Winze Grebody~ and therefore has some of the characteristics of both, 
plus features not found in either, 

In all the ore of the district, the sphalerite contains numerous blobs 
of chalcopyrite ranging in size from 0.003 am. to O.1 mm. in diameter. The pat- 
tern formed by these blebs within individual sphalerite crystals is roughly the 
same throughout the district, but it varies in one feature. Around the edge of 
each crystal is a narrow zone, some 0.2 mm. wide, in which there are no blebs~ 
and within this is a zone about 0.7 am. wide in which blebs are abundant. In 
this intermediate zone, the blobs increase in Size from the outer edge inward. 
The variations in the pattern of the blobs appear in the centers of the grains, 
within the intermediate zone. In the deeper portions of orebodies, the grain 
centers are nearly filled with large blobs, but in shallower ore the blobs are 
smaller and less numerous. In some of the very near-surface ore, the centers of 
the sphalerite grains contain no chalc0pyrite at all. This change in the pattern 
of chalcopyrite blobs is recognizable not only from ore body to orebody# but 
also along the length of individual ore bodies. Thus in the Republic Nine, the 
sphalerite cores in the deepest workings on the Northeast Winze 0rebody contain 
numerous large blebs; higher up in the same shoot the blebs are smaller, This 
progressive change does not stop at the top of the Northeast Winze Orebody, 
where the ore takes a sharp change in direction and acquires a new name - the 
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Republic Manto Orebody. Along the length of this orebody, the diminution in 
bleb size ~ontinues, showing thatthe Northeast Winze and Republic Manto 
0rebodies are genetically a single orebody, in spite of the marked difference 
in their shape and direction. 

Stratigraphy was as important in the localization of the ore as it was 
in the localization of the metamorphic rocksj although in the case of the ore it 
may have acted in a rather roundabout way. The primary action of stratigraphic 
features was to localize the garnetite within certain beds, and this garnetite 
in turn localized the ore. 

The structural localization of the ore within the favorable beds is 
much more closely tied to the folding than to the faulting. Only one orebody, a 
small pipe in the Mammoth Mine~ was definitely localized by a fault: it lies 
along theintersection of a Northeaster fault with the ore beds. The orebodies 
in the anomalously metamorphosed area of the Republic Mine lie near and parallel 
to the Republic Easter Fault, but with the exception of the West 0rebody all of 
them~re unquestionably in the crests of Manto folds so these foldsj rather than 
the fault, must be considered the localizing structures. The relationship be- 
tween Orebodies and Winze folds is less clearly demonstrable~ because the Winze 
folds are so shallow that they are recognizable in only a few places. 

The presence of sulfides in some of the Northeaster Fault veins sug- 
gests the possibility that these structures were the ore localizers for the 
Winze orebodies. There are four limes of evidence against such a hypothesisj 
however~ (1) They are about as abundant in barren ~ortions of the ore beds as 
they are in orebodies. (2) Neither ore nor garnetite extend into the footwall 
along the faults, as they would be expected to do if the ore solutions used the 
faults as channels to flow across the bedding. (3) The change in the pattern 
of chalcopyrite blebs in sphalerite indicates that the ore solutionsflowed along 
the present length of the orebodles, rather than flowing up faults and then 
spreading out in the favorable beds. (4) The orebodies are not parallel to the 
Northeasters, but rake across them at an angle of about 40°~ if ore solutions 
flowing along the beds used the fault zones as channelways, they would in all 
probability follow the same faults all the way up, as did the solutions that 
formed the above-mentioned small ore pipe in the Mammoth Mine. 

The bulk of the evidence indicates that the Northeasters were not the 
localizing structures for the Winze type orebodies. The Winze folds, shallow and 
indistinct though they are~ evidently provided the channels for the ore solutions. 
The presence of the locally rare minerals in the Northeaster veins remains a 
knotty problem~ possibly the chemical and physical conditions in the veins, being 
different from those in the beds, caused the ore solutions that chanced to pass 
through them to deposit an abnormal suite of minerals. 

SUMMARY AND CONCLUSIONS 

The alteration in that part of the Johnson Camp district under consid- 
eration here can be considered as a two-stage process. In the first stage, no 
new material was added to the rocks, and only the two metamorphic rocks, white 
tactiteand garnetite, were formed, In the second stage~ large quantities of 
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exotic material3 principally sulfides, were introduced, and the ore was formed. 

Both stratigraphy and structure were important in localizing the meta- 
morphic rocks and the ore. As a result of differences in the chemical composi- 
tion of the sediments, white tactite was localized in the dolomitic beds of the 
Upper Abrigo member and the lower half of the Martin formation, while garnetite 

was confined to the limy Middle Abrigo member. Other stratigraphic character- 
istics of the sediments, permeability and competency~ in part controlled the 

distribution of these rocks within the beds chemically favorable for their de- 
velopment. The ore also was localized within particular beds, chiefly because 
parts of these beds were favorable for the earlier garnetization. 

All of the struct1~al features of the district are older than the 
metamorphic rocks and the ore, and therefore were potentially able to localize 
the rocks and ore within the favorable beds. Faults localized some of the 
metamorphic rocksj but in general were not effective in localizing ore. The 
important ore localizers were shallow folds of both the Winze and Manto groups. 
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