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ACCESS STATEMENT 

These digitized collections are accessible for purposes of education and research. We 
have indicated what we know about copyright and rights of privacy, publicity, or 
trademark. Due to the nature of archival collections, we are not always able to identify 
this information. We are eager to hear from any rights owners, so that we may obtain 
accurate information. Upon request, we will remove material from public view while we 
address a rights issue. 

CONSTRAINTS STATEMENT 

The Arizona Geological Survey does not claim to control all rights for all materials in its 
collection. These rights include, but are not limited to: copyright, privacy rights, and 
cultural protection rights. The User hereby assumes all responsibility for obtaining any 
rights to use the material in excess of “fair use.” 

The Survey makes no intellectual property claims to the products created by individual 
authors in the manuscript collections, except when the author deeded those rights to the 
Survey or when those authors were employed by the State of Arizona and created 
intellectual products as a function of their official duties. The Survey does maintain 
property rights to the physical and digital representations of the works. 

QUALITY STATEMENT 

The Arizona Geological Survey is not responsible for the accuracy of the records, 
information, or opinions that may be contained in the files. The Survey collects, catalogs, 
and archives data on mineral properties regardless of its views of the veracity or 
accuracy of those data. 

 

CONTACT INFORMATION 
Mining Records Curator 

Arizona Geological Survey 
416 W. Congress St., Suite 100 

Tucson, Arizona 85701 
520-770-3500 

http://www.azgs.az.gov 
inquiries@azgs.az.gov 
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AMER SMELTING AND REFINING COMPAN 
Tuc son Ar i zona 

February 9, 1971 

.~.~. G. 

TO: Mr. A. J. Kroha 

FROM: W. E. Saegart ~ 

Vekol Deposit 
Superior Oil and Newmont 
Joint Venture 

Re : 

Mr. Ben Dickerson~ Southwest Manager of Superior Oil's Minerals Division, 
gave me the following confidential information today. Based on recent 
drilling by Newmont, reserves of their joint venture Vekol project have 
been up-dated to + lO0 million tons grading 0.55~ Cu, 0.015% Mo, and 14¢ 
combined gold and silver. Newmont's latest plans call for an initial 
production rate capacity of 20,000 tons per day. The copper occurs as 
chalcopyrite and minor bornite. There is also a modest tonnage of oxide 
copper. Metallurgical tests indicate a concentrate grade of 27%. C~ 

The existing lease with the Papago Tribe expires in 1974. Mr. Dickerson 
indicated that Newmont intends to make an announcement in April of this 
year concerning the development of the property for production. Accord- 
ing to Dickerson, "There is a 95% probability that Newmont will announce 
their intent to place the property into production." 

o~ Mr. Dickerson further pointed out that their agreement with Newmont 
provides Superior Oil the alternative of taking their 50% share of con- 
centrates in kind. Since annual production will total roughly 36,000 
tons of copper per year~ Superior Oil will have control of the disposal 
of concentrates containing some 18,000 tons of copper per year. He very 
pointedly indicated that Superior Oil is interested in pursuing an out- 
let for treatment of their concentrates other than Magma's San Manuel 
smelter. Their concern is. with the possibility that stringent pollution 
controls~y eventually require termination of the use of the Sam Manuel 
smelter. In no event will Superior Oil accept a long term contractual 
commitment to ship their share of the concentrates to San Manuel. 

Superior Oil would be very interested in talking to ASARCO in connection 
(stackless) smelting. ~m~ with our consideration of flash 

W. E. 

WES:mw 
cc: J. J. Collins 

J. H. CourtrightJ / 
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FEB 27 1968 

j.H.G 

AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

January i0, 1968 

To: J. H. Courtrlght 

From: J. D. Sell and J. R. Nojcik 

Drill Hole Pattern 
New Jersey-Newmont Drilling 
Reward Prospect, Vekol Mts. 
Pinal County, Arizona 

With the securing of additional information the drill 
hole pattern is finalized from the subject area report 
dated November 6, 1967. As shown on Attachment A some 241 
drill holes, either rotary, diamond drill or a combination 
were drilled during the project. Three of the holes were 
rotaried only thru the alluvial cover without further 
drilling and seven were drilled to the northeast outside 
the main area. 

The tentative outline of one proposed pit is shown 
on the attachment and shows the corelation between the 
close spaced drilling and the pit outline. 

JDS:kc 

Attachment 

z James D. Sell 
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ATTACHMENT A 

C o o p e r  A e r i a l  Surveys  

Photo: FL 1- 2, 10-20-67 
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December ;4~ 1967 

"Veko| Pro~ect" 
JHC's Office onty 

Hr, R, E, Radabaugh, ~ r .  Western Exploration 
The Hew Jersey Z Inc ~ n y  
Pima P|eza Building 
3030 ~ast Broadway 
Tucson, Arizona 8571~ 

Dear ~ z  

Enclosed Is as signed copy of the Letter of Agreement 
whlGh accwnpanied the Veko| Project data loaned to this 
off |ce.  

Hr. IJoj¢lk has prepared the sttached l i s t  not|n9 
ItemS Included that ~ere not i i s ~  and vieo versa. 

Yours very truly0 

J~: ira! 
ene|s. 

J. H. Courtright 
Chief G~logl st 

: i . !  ¸. 
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(ESTASLISHED 184B) @ 
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December 5, 1967 P L E A S E  A D D R E S S  R E P L Y  TO 

Pima Plaza Building 
2030 East Broadway 
Tucson, Arizona 85719 

Mr. J. H. Courtright 
Chief Geologist 
American Smelting and Refining Company 
1150 North 7th Avenue 
Tucson, Arizona 

Dear Harold: 

Re- e Vekol Project 
Vekol Mining District 
Pinal County, Arizona 

In accordance with arrangements made between Mr. C. P. 

Pollock of ASARCO and Mr. S. S. Goodwin of our Company, we are 

loaning you for your use in the evaluation of Vekol Project the 

data available from our Tucson, Arizona office. These data con- 

sist of a plan map, a set of longitudinal and cross sections, 

and drill hole logs prepared by The New Jersey Zinc Company 

and the strip drill logs and assay reports by Newmont Explora- 

tion Company, Ltd. A complete list of these data is attached 

hereto. 

The data are being loaned to you with the understanding 

that they will not be copied or reproduced and that the infor- 

mation is confidential and is to be used only by those within 

your company who need to have access to it in connection with 

your evaluation. It is further understood that all the data 

will be returned to us as soon as it has served its purpose. 



Page 2 -- Mr. J. H. Courtright 

Please indicate your acceptance and the receipt of the 

listed data by signing and returning to us the inclosed copy 

of this letter. 

Very truly yours, 

R. E. Radabaugh 
Manager of Western Exploration 

RER:kk 

Agreed to and received by: 

J. H. Courtright, Chief Geologist 
American Smelting and Refining Company 

Date: 

cc: Mr. J. H. Courtright 



NEW JERSEY ZINC COMPANY DATA 

Plan Map - Vekol Project Scale 300' = 1 inch 
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V-l, V-6 A, V-9, V-10, V-15, V-16 and V-17 

R-6 to R-235 inc. 

R-238 to R-241 inc. 



NEWMON T EXPLORATION , LTD. DATA 

Drill and Assay Strip Log 

V-1 to V-13 inc. 
V-15 to V-17 inc. 
R-2 
R-6 to R-64 inc. 
R-66 to R-69 inc. 
R-71 to R-78 inc 
R-75, R-76, R-78, R-79 
R-81 to R-84 inc. 
R-89, R-90 
R-92, R-102 inc. 
R-104, R-105, R-107, R-109, R-II0, R-f12, R-II6, R-120, R-122 
R-124 to R-127 inc. 
R-130, R-131, R-134, R-135 
R-137 N to R-139 inc. 
R-175, R-189, R-192, R-200, R-207, R-212, R-214 

Dri!l Hole Log 

R-74, R-128, R-133, R-136, R-148 N, R-159, R-165, R-167, 
R-190, R-191, and R-239 

Drill Eole Data 

RV-6 B, R-64, R-70 N, R-74, R-77 N, R-80 N, R-103 N, 
R-106 N, R-108, R-ill 
R-ll3 to R-II5 inc. 
R-II7 to R-119 inc. 
R-121, R-123, R-128, R-129, R-132, R-133, R-136 
R-140 to R-162 N inc. 
R-164 to R-174 inc. 
R-176 to R-188 inc. 
R-190, R-191 
R-193 to R-199 inc. 
R-201 to R-206 inc. 
R-208 to R-211 inc. 
R-213 ~o R-235 (R-214 missing) 
R-239 ~ R-241 



,~ol<<,t s:.~ i 

v:./...- D J.j L -/-d -~ " 

- ............................. Id , , ,~ / , , - . - - l  . . . . . . . . . . . . . . . .  D , ~ , , . J , , . , < ~ :  . . . . . . . . . .  " ~ , . ,  . . . . . . . .  I I  tl.>l~ b...l ,  .<. " 
I " ,<./- , . < . i . , ~ j  

~ ~-/,.~/~ 7 ....................... 



-@ 

_ -  - . .  

/ / 

READ AND RETURNS_ 

~REPARE ANSWERS___.HANDLE . . . .  J .  H .  C .  

FILE ............ INITIALS.. - ~ C  ~ = 1967 

December 7, 1967 

Mr. , :5 .$ ,  ~oodwin, 
ViCe-Pr-esident, 
The New Jersey Zinc Company 
~60 F~Qnt S~ee~ 
New York= New Yo~E |O0~B 

. - ~  . : .  , % ,  -~ . 

This is to ai~";w|eage abe thank you for~your"|etler of be:ember6th 
confirm|rig substance of  our telephone ¢onversatio~ November ]0  concernin 9 
the Vekol property,  Papago ~nd|an Reservation,  Ar|zona.  

In accordance with our understanding~ | have instructed Mr. Courtr ight  
to review the data as suggested and we are now await ing his evaluat ion thereof .  

I w i l l  communicate with you again as soon as we a r r i v e  at  some 
decision regacd|ng th is  matter .  

S incere ly  yours, 

m | CC, JHCeurt r 9ht wlat tach.  

C. P. Po]]ock 

:oi _~ 

,: :3 " "  
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O ~ " I C E  O F  ' I~TE 
V I C E  PRESID~ENT 

(ESTABLISHED 1848) 
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December 6, 1967 II cD CP POLL0-71967 K I 
Mr. C. P. Pollock, Vice President 

American Smelting & Refining Company 
120 Broadway 
New York, New York 10005 

@ 
HJZ 

Dear Mr. Pollock: 

This will confirm the substance of our telephone conversatlon on 
November 30 concerning the Vekol property located on the Papago 
Indian Reservation near Casa Grande, Arizona. As you know, 
Newmont and New Jersey Zinc have jointly explored the Vekol 
property looking for a porphyry copper-type of ore body. 

Drilling on the property has disclosed about 80 million tons of 
.57% copper and .015% molybdenum using a cut-off grade of .3% 

copper with a stripping ratio of about 2½ to i. No provision 
has been made for recovery of copper from oxidized ores or from 
leaching of waste containing less than .3% copper. 

An evaluation of the deposit has indicated that it would be some- 

what marginal based on current markets and current estimated 
costs and work has been suspended. We believe the deposit is 
a valuable resource to a company that wishes to perpetuate its 

position in the copper industry or a company that desires to 

get into the industry° However, it has been the decision of 
our Company not to pursue the matter at this time and hence this 
is what prompted my question to you as to whether American 
Smelting & Refining would be interested in acquiring our interest 
in the property. 

New Jersey Zinc'b interest in the Vekol venture is 34.684675%, 
which is the same as Newmont's interest° Papago Exploration, 
an independent group, have an active interest of 22.3295% and 
the carried interest of 8.30115%. 

i 

" I 
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Mr. C. P. Pollock 

- 2 - 

We have advanced about three-fourths of a million dollars to the 
venture and we are asking 1½ million for our interest; i.e., a 

factor of about two to one for the riskwe have taken. Under 

the agreement we have with Newmont they have the right to meet 
any offer that we receive for the purchase of our interest. 

You indicated that AS&R would like to look at the basic data 
to determine the extent of your interest. To this end we have 

asked R. E. Radabaugh of our Tucson office to contact J. H. 

Courtright of your Tucson office and arrange a date for Mr. 

Courtright to look at the Vekol ore reserves and other pertinent 
data. We shall look forward to hearing from you as to your 

further interest after this meeting has taken place. 

Sincerely yours, 

S. S. Goodwin 

Vice President 

S SG : ei 

,? 

iiii   i ¸ 

i 

q , 

r 



6. H.C. 

To : 

From: 

J. E. K. 

JAN 1 1968 

AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

November 6, 1967 

J. H. Courtright 

J. D. Sell and J. R. Wojcik 

NOV SO 1967 

F_l ~. O ~ ' ~  R ~_%U :~, I'~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

@~~ E PAR E Af'.ISW/ERS . . . . . . .  I H A N D L E  . . . . . . . . .  

F I L E  . . . . . ~  .. . . . .  l f - , H T I A L S  . . . . . . . . . . . . . . . . . . . . . . .  

New Jersey - Newmont Drilling 
Reward Prospect, Vekol Mountains 
Pinal County, Arizona 

The subject area was visited on November 2, 1967, to 
check their drilling pattern and collection of core chip samples. 
For expedience the photos taken after termination of drilling 
were used for plotting the information. The photos were also 
checked by stereoscopic examination and the unvisited drill sites 
were marked on the overlay. 

Of the 321 drill hole sites shown on the overlay (Attachment 
A), the following breakdown is suggested: 

105 - Sludge piles seen/or examined. 
71 - Site visited but was not drilled. 

135 - Sites not visited bu__~t probably drilled. 
lO - Sites not visited and probably not drilled. 

321 Total sites by stereoscopic examination. 

The approximate scale is I"= I000' giving a drill spacing 
of 200 feet for the most part. However, when paced on the ground 
the spacing appeared to be closer to 175 feet. 

Although much of the central portion was not visited there 
is little doubt that all the sites were drilled. On the fringes 
it was noticed that in some instances they doubled the drill 
spacing and also that they apparently rotaried some holes but 
did not core them. By personal communication from the drilling 
contractor's foreman, most of the holes in the latter part of 
the program were completed with a down-the-hole hammerdrill 
primarily for assay information and secondarily for correlation. 

As shown by the attached sack of core chips, the area 
has a very high pyrite content, some of it as veinlets, with a 
high percentage as extremely fine particles within the diabase. 
Chalcopyrite is next in abundance in the observed chip specimens 
and only one specimen (5 mo) was found that contained molybdenum. 
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The four photos taken by Cooper Aerial Surveys are in 
the files along with the mylar overlay of photo FL 1-2. 

~,;,,, J. D. Sell 

J. R. Wojcik 

JDS :kc 
Attachment 
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Cooper Aerial Surveys 
Photo: FL 1 -2 ,  10-20-67  
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/U~ERICAN SH~LTING AHD ~EFIHING COHPANY 
Tucson Arizona 

P..~ober I I ,  1~i~7 

Hr. C. P. Pol lock, Vice President 
ASARCO - New York Off ice 

o 

File:~ Aa 16A.22,22 

~ e ~ a r d  Htee (Vekol 
Hts,)" 

"Pap~go Ind. Res. ~ 

Hair, ant Hin|ng Corpora'tlon 
~ k o l 3 ~ u n t a | n s  Pros~ec~_~ 

Dear Slr :  

~n reply Co your telephone request ! a= enclosing copies o? 
News releases on H~wnon¢=s Yokel H~untains prospect. Also enclosed is 
a rcpo~ and map by J. E. Klnnison in case |¢ cannot b~ located in the 
N~w York Fl ies.  

D r i l l i n g  on =he prospect ~as ~r~ inated about two months ago. 
There is cur rent ly  no a c t i v i t y  of ~ny kind on the property. AS observed 
~rc~ ~he a~r, around 200 holes on 100 to 200 = spacing have been d r i l l e d  
~n ~n are~ o~ ~bout three-qu=rters o~ a squ~re ~ i l e .  ~t is rumored 
Chat ~he c~pper ~tner~l iza~ton (in th~ Hescal ll~estona and in di~base 
s i l I ~ )  is spotty and discontinuous. This condit ion is suggested by the 
c|ose spacing o~ the d~ | l t  pattern.  ~he ~ocal consensus Is that the 
depos~ is ~arg|nal and that plans ~o~ production have been deferred. 

As reported by Kr. Rinnlson, the F i r s t  hole cut 90 m of I% copper 
In the t~scet llm~s~one (garnetized). According to th~ P~pago ~ews release, 
a ~59000 TPD cperatlon would produce 50 million pounds of copper per year. 
Thls Ind|catcs about IO pounds recovered pe~ ton, or a head grade oF 
around .57%copper. Flgures quoted in another N~s release, which | do 
not have now at hand, indica&ed 9 ibs. copper per Con. 

~ ~s to be noted Chat in a subsequent re|ease, ~ e ~ n t  l~beled 
as "erroneous" ~ny tmp|ic~t|on Chat they are proce~d|ng or have agreed 
¢o proceed with a mining pro ject ,  

The negotiated roya| ty to the Papagos an~ounts to 5% on ores having 
a net smelter r~turn of $4/ton or under, with an |ncrease of 1% for  
~ach $0.25/ton n~¢ value increase up to $5 N.S.R,I and |0~ royalty on 
$5 to $7 

lncldenCa|ly, Hew Jersey Zinc and Newmon¢ each have a 30~ in teres t ,  
the re~a|ning 22% being he|d by the Papago E~ lo ra t i on  C~pany, a 
Hinn~apolls group. 

Yours very t r u l y ,  

JHC:l~i J . H .  Courtr ight  
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Pay Dirt 4-21-67 
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VEKOL IIILLS LEASE SIGNED 
BY NEWMONT AND TIIE P A P A G O S  

Leases on approximate ly  2,800 acres of 
Papago I n d i a n  Rescrvat ion land have 
been negotiated be tween  the Papago In-  
dian Tr iba l  Council  and Newmont  Explor-  
ation, Ltd., of New York. The proper ty  is 
in  the Vekol Hills, 27 miles southwest  of 
Casa Grande,  Arizona, and 50 miles nor th-  
west  of Sells, the t r iba l  capital. 

Acco rd ing  ' to the a n n o u n c e m e n t  by 
Tr iba l  Cha i rman  Robert  Mackett, who 
signed for the Papago Indians,  the eight-  
year  leases call for an  in i t ia l  bonus  pay-  
m e n t  of $50,000 and an  advance royalt ies  

; p a y m e n t  of $50,000 for the f irst  year.  
S imi lar  year ly  advance roya l ty  payments ,  
he said, are to be made un t i l  p roduct ion  
begins. Mackett  described the contract  as 
"a t u rn ing  point  in the t r ibe ' s  history," 
giving the Papagos a chance to develop 
"from the poorest t r ibe  in  the na t ion  to an 
economical ly self-sufficient  people." l i e  
conf ident ly  predicted ~t h a t N e w m o n t 
would  have the "mine"  in ful l  product ion  
wi th in  three to four  years,  hand l ing  15,000 
tons of copper ore per  day. 

On the other  hand,  N e w mon t  Explora-  '~ 
tion, Ltd., labeled as "e r roneous"  a ny  
s ta tement  or implicat ioh that  Newmont  is , 
proceeding or has agreed to proceed wi th  
any  min ing  project  or operat ion at the 
Papago property.  The company  stated: 
"Results of work  done to date on the 
proper ty  indicate  an appreciable  tonnage  

o f  marg ina l  grade copper ore ruinable by  
open-p i t  methods.  F u r t h e r  work  a nd  eva l -  ! 
'uat ion wil l  be necessary to de te rmine  
whe the r  or not  this  p roper ty  should be i 
b rought  into production."  

The cu r r en t  negot ia t ions  modified an  
ear l ier  lease acquired by N e w mon t  in  
1965, and cover the r e m a i n i n g  eight years  
o£ the or iginal  s t andard  10-year lease. 
Most of Newmont ' s  exlSloration to date 
has been by  dri l l  hole tes t ing and  sam- 
pl ing and  this work  is to con t inue .  
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By TOM TURNEP~ " '~ 

The Papago Indians yesterday signed a lease contract for con-'. 
struction of a $45 million open-pit copper mine and mill on Pinal 
County reservation land. b", 

Leasee is Newmont Exploration Ltd. of New York. Newmon~ 
owns 80.6 per cent of Arizona's Magma Copper Corp. stock. Mag: 
ma currently operams mines, '  ....... '--." The lease is a modification of 
mills and smelters in San Ma -  a lease taken out by Newmont 
nuel and Superior that produced :1 Newmont sa idyes terday that in 1964. The original lease cor- 
n total of 226.5 milIion pounds of! work to clear overburden (top- ered 1,5.35 acres. The new lease 
copper last year. ~, soil) from the minesite will be-[--  good for the remaining eight 

',[gin this weeek. Employment at [years of the original, standard 
Newmont said yesterday that[ the  new mine will increase to a/10-year lease --  covers some o~ 

the new mine on 2,800 acres of p e a k  of approximately 300 when i the same land, plus some new 
Papago land in the Vekol Hills production begins, land for future exploration. 
near Casa Grande will be pro- , , I Ne~?mont said tbaL tes¢ •drilling 
ducing upward of 50.5 million, ~:he new mine will,be a part!will continue, :The firm spent 
pounds per year when paying o f  southern Arizonas Copper .more flmn'~$500,000 i n  explor-  
operations begin in 1970. Circle - -  an area ex~ending 125 alien at VekoI Iast year. ' 

miles in all directions from Tuc- 
At the current market price, son - -  that already produces As long as a mine'is in prod- 

Vekol Hills production would •roughly half the nation's cop- uction on tim land, the lease '  
bring in excess of $18 million a per. will be automatically renewable 

~year in new money to Arizona, 
and the Papagos would receive Newmont officials estimate indefinitely. Under terms of the 

~$1 million annually in product- that some 15,000 tons of ore will lease, .~'ewmont must spend 
ion royalties, be removed and processed daily $118,000 in the £irst year, $236,. I 

• Until then, the mining firm "when the new mine e n t e r s  000 the second year and $575,000 
h a s  advanced 850,000 to the Pa- production - -  about half that of each year thereafter to develop' 
pages as a lease bonus and $50,- Anaconda's new $65 million de- ! the mine. 
000 in advance royalties for the velopment south of Tucson. . 

The mine site' is approximate.,' 
first year. Newmont will pay Vekol production will top that ]y 27 miles southwes~ of Casa 
the Indians $50,000 each year of current operations at Silver- Grande and 50 miles northwest 
until production begins, bell, Pima and 'Dural mines in of Sells, the h'ibaI capital. New- 

It is the bigzes~ contract ever Pima County. It is probable moat is reported planning morn 
signed by the Papagos. that Magma smelters at Super- than $I million in new road and, 

ior and San Manuel will process rail spur construction in the 
" T h e  Papagos now have the the new ore. area. 

chance to develop from the poe- The : ' 
res~ tribe in the nation to an Vekol holds a low grade of contract was signed in 
economically • self sufficient oro, about equal in quality to[Phoenix by Mackett and Robert 

,' eo.~,e," "" sam: . . . . .  ~ouut,.'~v~,~,"~'* that which will be produced b y  ulton; Newmont vice. prcsi- 
I p.-~': . . . . . . . . . . . . . .  I Anaconda by 1969 The Vekol dent Also at the contrac~ sign t tri,,aI cna;rman lne l l l l l l g  W i l l  ~ . , . . .  * • ' ~ .  " 

produce new jobs lot the Pa- ore nea is a Knmlow one, so that ling were ~award Berger, Tuc.. 
, ,~,~ ~;~ ,.,m ~,̂  ~ . i ~ ,  i area lSOn attorney and tribal counsel ! pages, and there s nothing more [ ~"~. P'L '~": "~ " ~ s ~ ,  n ~ an . . . . . . . . . .  ' 

as nee as Ana a vernon 6m~m trmm mm • ~ ~. ou~ no~ quite p , ] lmAo, ~ant than finding employ- t " ' "]in " " 
[men t lot our peoplC.,.... ~La_, ],e°~ a s: ....... .., ..................... - . ,  [,.,g !o,nsultant. 'k., ......... i'] 

; . . . . . . . . . . . . . . .  . . : . . , ~ . i ~  

"The Arizona Daily S~:ar,' 

April 7, 1967 
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: X A/~arks The Spot 
"X" marks area near Veko[ 

! )  Mounfain .on Papago Indian 
Reservation wEch  is be ing 
leased ~or a $45 m;l l ion cop-  , 

: .  per mine. Shaded area is res- 
• ervat ion,  which extends u p  
( i n t o  Pina] Coun ty ,  
I, . . . .  

j .  



Yapago Now 
The Newmont Mining Corp. 

says the 75 million tons of cop- 
per ore it has discovered on the 
Papago Indian Reservation can- 
not be mined under present 
economic conditions. 

• In a Speech to the New York 
]Society of Security Analyists, 
Newmont President P. Maloze- 
moff revealed the tonnage esti- 
mate and said the grade ore 
averages 0.6 per cent. 

I But while mining is not justi- 
fied now, Newmont still looks 
on the, Papago property as one 
of three "potential open pit 
mines" it has.  

Newmont paid the Papago 
Tribe a $50,000 bonus on sig- 
ning an g-year lease on the 
property in April. 

At that time, tribal leaders 
said they anticipated $1 million 
in annual royalties from the 
lease along with a 15,000 ton- 
a-day operation requiring 250 
employes, to be mostly Indians. 

' 'F~e property covers 2,800 

acres in the Vekol Hill area, 27 
m i l e s  southwest of Casa 
Grande, and 60 airline miles 
northwest of Tucson. 

John Artichoker, tribal super- 
intendent, said: "We have had 
very little contact with New- 
mont since the lease was 
signed. 

"Things have been quiet. We 
don't. Know what this means. 
But I suppose one would have 
to assume the devek>pment of 
this ere body would have to be 
related to the price of copper." 

Another poteflfional Newmont 
mine is near Copper Creek. In 
th~s case, Newmont, with its af- 
filiate, Magma Copper Co., has 
f o u n d ore-grade copper-mol- 
ybdenu m mineralization 2,000 
feet deep. 

Maluzemoff said th, a~, because 
of the depth of this ore body, [ 
very large tonnage would be[ 
required to produce a mine,[ 
and ~hat drilling is going on now ] 

to determine the dimensions of 
the deposit. 

Also .in the case of "Magma, 
Malozemoff confirmed that the 
company has nearly 9 million 
tons of better than 5 per cent 
copper ore a~ its Superior Mine 
and is considering a $20 million 
modernization and expansion 
program there. 

A third potential open pit de- 

scribed by Malozemoff is a 40 
million-ton ore body averaging 
0.7 per cent grade that New. 
mont has drilled near Prince 
ton, British Columbia. 

The company plans hrthet 
drilling costing about $1.8 mil- 
lion, and will decide late in 
1968 whether to undertake prod- 
uction of the Canadian proper. 
ty. 
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Mr,  :J. H 2  Goorf'right~ SuF(ervisor 
American Sm:elt|ng and Re~inlng Company 
P o O °  Box 5795 
Tucson~ Ar izona " 

J, H . G .  
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October  27s 1967 
. /  
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pR EpAtC, E- A N S W E R S  . . . . .  N A N  OL~- . . . . . . . .  

f qLE  . ~ "  I N | T | A L S ~ - - - " - ' - " - - - - - "  

Newmont Mining Corporation - V e k o l  Mountains Prospect 

Dear Mr .  Courtright: 

This is to acknowledge receipt  of  and thank you for your letter of  October  11 t 1967z 

pertaining to Newmont Mi'ning CorporatToEs Vekol  Mountains Prospect. We  would be 

interested tn obtaining addit ional information whenever i t  is ava i lab le  but it wi l l  not 

be necessary for you to request any detai ls direct ly  from Newmonto 

Very truly your% 

C.  Po Pollack 
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D e a r  • $ir:~ + 
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En¢loFed i~ Hr. K i n n l s o n ' * + ~  ~morandum on the l~e~ak~tit c ~ p e r  + 
prospect in the Casa Grande D i s t r i C t  and a map S h o w i  nrg  the p o s i t i o n  
of  th is  prospect and the LaEe Shore in the pa t te rn  o f  ~. porphyry ~. 
copper b e l t s ,  .. ~.~ • . . . . .  

Report e¢t|y, the f i r s t  t~ole Cut IO0 m Of , ~  Cu in  Hescal 
] imsstone underly ing Troy q u a r t z | t e .  There  is a small outCkop 

o f  q u a r t z i t e  but  nO outcrops of  minera l i zed  Hesca| in the v i c i n i t y .  
Recent ly ,  Mr. Kurtz did some reconnaissance in the area and reported 
that  the q u a r t z i t e  contains traces of  copper m | n e r a l l z a t i o n ,  

\ 

Apparent ly  a m a g n e t i . c a n o ~ ] y  was the pr|ncipa+l exp lo ra t ion  
guide, Anoma|ou~ induced pote'nttal  response Was repor ted ly  obtained 
over barren ground+as wel l  a s - o v e r  the area o f  concealed m i n e r a l i z a t i o n ,  

+r . . . .  
• " + \  

~- = " +  .~ Yours very : t r u l y ,  
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

April 22, 1966 

J. HoC,  

APR 2, 2 I£66 

TO: J.H. COURTRIGHT 

FROM¢, J. E. KINNISON 

NEWMONT PROSPECT 
VEKOL MOUNTA~NS 
CASA GRANDE DISTRICT 
PINAL COUNTY~ ARIZONA 

This will supplement our recent conversations re the subject 
property. I was at the Arizona Bureau of Mines Office in Tucson 
4/19/66, and obtained the following information from Bob O'Hare. 
He had in his possession a sketch which someone had drawn for him, 
freehand, on a piece of writing paper. The attachment (sketch) is 
one which I made from memory after leaving his office. The reliability 
of the data and its source is unknown to me. 

The attached sketch is based largely on the one which 0'Hare 
had, with a few additions based on reconnaissance in this general 
vicinity by m~self some years ago, and by Jim Sell more recently. 
The Reward Mine, as we all here know, is a bedded replacement in 
paleozoic limestone--probably pennsylvanian--consisting largely of 
sphalerite with some chalcopyrite in a garnet host. The general 
environment is suggested of a porphyry copper-type but there are no 
direct leads toward the covered areas near the Reward &line and the 
tactite zones are rather narrow. 

According to O'Hare there is an outcrop of troy quartzite only 
25 feet wide, which occurs in alluvium south of the hills in which the 
Reward is located. The quartzite there contains a few stringers of 
copper silicate. 

Hunting--who had the three year exclusive option on the Papago 
country--outlined a magnetic anomaly which affectivelyencompasses the 
ore zone. I. P. lines were anomalous over this region, but they also 
were even more anomalous in the alluvial covered area west of the 
magnetic anomaly. The drilling sites which Mr. Collins and I saw from 
the air are grouped principally within the magnetic anomaly as it was 
shown on 0'Hare's sketch. I am told that the first hole was collared 
on or nearby the outcrop of troy quartzite, and that beneath this the 
mescal limestone carried about .9% copper as chalcopyrite. This intercept 
was lO0 feet long. Subsequent drilling has established that the mescal 
is the best host rock. 

The sediments at the Vekol area dip 25 or 30 degrees I and so if the 
mescal were the only mineralized bed, there would be little tonnage 
potential. We may expect that the paleozoic overlies the troy and is 
likewise mineralized. Porphyry is exposed a little to the north of the 
mineralized zone and is fresh--whether or not there is any p0rphry within 
the mineralized zone itself was not stated. 



P Mr. Courtright@ -2- April 22, 1966 

This information is intended only to fill the gap between this 
time and next week when we may have a map and additional information 
available. 

KI~NI~-ON 

 K/pjc 
Attachment 
cc: WLKurtz 
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THE GEOLOGY'AND ORE DEPOSITS OF THE VEKOL MOUNTAINS 

PINAL COUNTY, ARIZONA 

Stanford University Ph.D. thesis submitted by Robert Halstead Carpenter, 
July, 1947. 

QE~ERAL GEOLOGY 
Summary 

The rocks in the Vekol Mountains range in age from pre-Cambrian to 
Quaternary, and comprise one of the most complete columner sections in the 
Basin Range province of Arizona. 

The oldest rock is the fine-grained, greenish-gray schist, which has 
been correlated with the pre-Cambrian Pinal schist of southern Arizona. 
It is intruded by a granite which is believed to be of Tertiary age. 

The Apache group, estimated to be more than 1,500 feet thick, includes 
the Pioneer shale, the Burnes conglomerate, the Dripping Spring quartzite 
and the Mescal limestone. A basalt flow, which is usually included in the 
Apache group, overlies the Mescal limestone. This group rests unconformably 
on the schist basement. 

The overlying Troy quartzite, of doubtful age, was deposited on the 
eroded surface of the Apache basalt and Mescal limestone. This formation, 
the Apache group, and the basement rocks, have been intruded by diabase 
tentatively regarded as Middle or Lower Cambrian age. 

The upper fifty-foot cross-bedded member of the Troy quartzite, the 
Santa Catalina formation, and the thin Southern Belle quartzite lie above 
the lower Troy. All contain Cambrian brachiopods. These are succeeded by 
the Upper Cambrian Abrig~ formation. Resting on the Cambrian rocks is an 
Upper Devonian section composed of three units tentatively designated T by 
the writer as the Picacho de Calera formation, the Martin limestone, and 
the Lower Omray formation. The Lower Mississippian Escabrosa limestone 
follows, and is separated from the Lower Pennsylvanian Naco limestone by a 
distinct shale marker bed. The Paleozoic section, measured at Promontory 
Ridge and at the Vekol mine, is approximately 1,681 feet thick. (See Plates 
4 and 8.) The entire section of Paleozoic and Apache rocks is essentially 
conformable in dip and strike, but is separated by at least five disconformities. 
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In th!cko~s ~ere ~e~o~;ite~ on erode~ N~o l:b~,e~tone. They ~ob~bly a~.~ ~. 
Cretaceous eoni~!nental de~o~!ts. ..... 

The r¢~ bmas ~na qua-~tzites az tec .  ~ t o  ~.aae ~W~m~'@ in'ho lco~c.~7 ,ce~r~m.t,~d 

an~ rhyolite ~r~ ~hyry are ref,~::,;~ed to the Tertiary. Tuff~ c c . : : ~ z ' a ' t e ~  
~l~rate ~ b~selt ~v~ believed to be ~:~u~termmry. ~er:~sce {~vels c;e.@. 
recent alluvium are ~istribute~ th~:u~hcmt %he ~ e s  ou ~ed~x~'bs ~I eLluvi~, " 
slopes. 

& 

~ - ~ . m t S ~ y  Eocks - - -  Al~nkisn A~ach__~hG_~u ~. 
~i~ae r~ks of the A~he group ~re described e~l de.sign'~ted ~ C~71~rL'~u 

by Ranso~ ~ ih his work in the R%y am% ~a~i ~rea of cel,%tral Aviz~. Ee 

incltwle~ the Scaala~ conglomerate~ the Fio~.~~--~-~-~J~e~ ~, ' '"~ "~'' " 
the Dripping Sprimg quartzite a~ th~ Tz~ quartzite ~itkln t~i~. ~:~p. 
Darto~ ~ tuna others, h~¢ever, consider the A2?smhe ~ou9 as equ!va!e~t to the 

* Dart~; N.-~--.~'-Resu~e-'o#~ Arlz~s GeologY;f, Bull. ll~ Arlzonc~ B1.~=u ¢~' 

Graz~i Canyon series. ~o~therm~re~ Darto~-÷ 2 ~  evi~enee~ ~olnted ~t~1; uzde~" 

group_. ~'~¢ t~.t zeas~; the Troy quartzite is n~t consi@:~c~l a ;~-t ¢;f the 
A~ache group in this re~. 

In the Vekol ~ins, the r~ks ~f the A:~aehe &~'oup ~'e ~,AA-expc~e~ 
in the south-centyal pa~:t of the it%in r~m~e ~ to a limite~ eztent~ el~nS 
the ~%h~r~ frir~ Of the ~ ~ the no~zth~t~.r~ eS~e Of the e~st rinses. 
(See Plate 3.) f~_% a~e ~l ~-e~esentea except the ~ a ~  eonglc~ez~te. 
~y form a ~ectio~ estimatea at m~re tl~u h~20 feet in tlqlckn~; ~. z~st 
uuconf~bly on ~ schist basement. 

, V 

J 

A few ~cettore~ ~atches of congl~ml~-ral;e consisting o~: -~hit~ £1.u~'tz 
pebbles in a s~y matr~x containing numerous schist f~sgm~cn~ ~;~re ,ucte~ 
along the eontamt bet~ee~ the schist an~ the ~.o~r shm3~ at%h~ ~:outhc~st 
end ef Bitter Wel~ B~in. Thes~ pstches a~'e but a few inche~ thi.~k~ rand 
they can be traced L~teral~, not r~ore than ~n t~ fifteen fa~t, They gra,~ 
wgwar~ into ~n, sa~ shale cont~ini'a~ ~ occasionsl au~c,z ~.,ebblcs. 



Pion~e~ s~n!e 
This fo~.'m~tion consists ia~gely C.f mmzcon, s~_~--~h~t s~i~" ~ . e  ar~1 

i~--sure ~an~stone ~wxl q~rtzite. The ic-~er ~sr~ is ~re~c~ui~tly :~er~eous 
%%th n~as i~ve q~tzite beds ~xl ~ccasion~l sandy ~aa3~s ~d shaly 
san~stonc~; th~ be~Jliz~ Sm moderately thick~ X~m~ fr~ si~:: inches to three 
f~t. In tb2 eentr~! and t~per pm~t of th~ fo~ation ~ttve~ s~m~f shales 
pr~cm!nate. To~'d the "~ of the foz~matlon~ the be~s contain abun~ent 
r~ud or e!o~gate~ spots of ~hite or tau color. According tc R~u~c~x'~ ~these 

* Eagerer, F. L. The Cop~r Deposits of Ray azxl ~,~am~, ~.izc~. U.S.G.S. 

are caused by the !oc~l reauetioa az~ rmm0val of fer~uglnous piZmcnt. .~is 
cl~eracteristie markln~ of the Pionser ~zhale identifies i h frc.m sLTiI~ b~ds 
~n the Drippin~ S~ri~ ~uartzite. The estlmat~a thickness o f  this formation 
is hoe feet. 

Barnes con_g).~rat e 
~nis formation I:; made up of weLl-r~umded~ e!lipsoid~ qu~%rtzlte ~ebbie~ 

r~nginS u~ to 6 inches in diameter embedded in ~ co~.%rae~ ark~sic ~trix ~hlch 
contains occ~siomal fr~#9~ents of re~ j~psr. The p~bbles ~eneraLly lie ~.zith 
their fl~t sides r~S~f parallel to the trend ~ be~i~. The Sortin~ iS poor 
an~: !oca/!y~ the forma~tion consists of oesrse~ a~'kosic sandstone ~ith o~ly 

fe~ Irebbles. 

The ~im~m thic~ae~s of the. f~m~tim~ is 18 feet ~t the sou'hhexm en~ 
of Bitter Wells ~asi~. Sou~sw~Ixl~ it thins rapl ~y, a~d~ along hhe souther~ 
flank of .the main rsm~e, no Barnes ~ong~rate i~ ~esent. It ap~e~rs to 
~-erlie the Pi~ueer sha/m c~ufer~bly° 

• \ 

~his fo~_~%~tio~ co~sist~ of th~ members: the. l~er ~ive quertzlte~ 
the central~ thin-~e~c~d impure shale, am~ -hh~ u~r bandea q~zi~. It 
lies eomZorm~b~ above the B~mes con~lom~r~'~ and Pioneer shale aml eonfo~ly 
beio~ the D~mcal lime~t~. 

The lower member co:~ists of hard~ medium to fine-grai~.~.~ r,-~i~'/% 
ar~sie quartzite. The be~@in~ is in6uistinct~ ~Ithough c~cazlonz~ ~h~D~ partings 
are eviae~t. T~arvl th~ to~ the be~%s b~ome thin, au~ sa~e interc~i~ated ~ith 
~haly s~st~me and saucy aha/~s. The thickness of this unit is e:~t~ted 
at ~ fe~t. 

a~enace~ ~h~l~ ~ch often is well-band,~,:l and. f~@uaut3~v so~,~h~t p l a t y .  
T~ ixmlividuel be~ ra~%~e ~r~a ~ ~ an in~21 to 2 inch~s "~'iok. ~'~y g~'~de 
~;ard into ~ ~n_Ly-be~ed~ ~/it~m to fino-~,~ained~ b~m ~usa~;zlte. ~t is 
difficult %o e~ti~te ~le thickness ~y~ this ~t Because of fault~.~ a~ D~r 
e:~osure~ but it i~ belleve(% to be over ~00 feet thisk. 

S 

, ! 
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~ne ~\ver zen~er raa~s from pini~sh-zTay~ m~sive~ finef@valne~ arF, ozic 
quartzite near the berne; to n~lium-~in~<l~ b,%n~,e~ Stay to t~n quartzite 

beds nc~? the top. The latter aze from four to 'hen feet thick~ with shaly 
psrti~s bet~'een. At ti~e top~ the beds bec~ue thin~ fl~g~y omi rusty brim 
an~. are inter%e~d~ with stro~k%ly %-ibbed~ i~ure limesto~? at the,, base of 
t!~ ~escal 13.zestone. G%he tr~nsitlon zone is ~ne~ally ten tc t~enty f~et 
~ide. t~ne thic.ki~,~ss of the u~e~ unit is i~0 feet nt the southo~-n~ en~ of 
Bitter L~ells Basin. 

The Dripping SD~iz;g qu~tzlte was ~eposite4 in shallow ~,~:~ter, for ~mn~ 
ca~t~ s~ rii:,Ple ~rks ~re note~. It is eC~l~OSed mai~ of fine zz~ri~l.. 
~ebbies ~ere i'ou~14 O~!y in a fe~ ~u~r~y bands ~u~% ~bove the Bn~,~s coa=~9.c~era';;e. 
~he thin-be~i~d shale m~mber in the middle G~ the formation helps to di~ti~aish 
i~ from the Tzo~ qu.~l~tzi~e ~scz'l~e~ below. 

l--n~e---V-e'ko~-! L%~--~uT~ims~ "thls formation e~sints of tan, buff Or ~:~r~ 
often 4olcmitie li~estene. It usually h~ a ribbe~ a~e~-a~e e~racte~iotic 
Of ex/osures in other azems. (See Print 3.) The rlbbi~ is e:~e~ by c~;'~ty 
or oiii~eou/~ l~/.~:qs ~ inch thick inte~be~/e¢1%rith thin-ban~e~ lIv~s~e. 
~n ~ e~osures~ the ~ore re~istcnt e~e~%y layers are so ~,,%~'~,v~s~ -~t 
the ~e~t~,_e_1~ surface h~s z r~u~h~ @~l~l a~earmnee, in othcrs~ ~,he ~.~ibbin~ 
is ~ or absent. " 

As i!iu~trat~i on Plate 4., the Me~cai limestone ham a thior~ne~s of ~6 
" ~ eT feet~ ir~lu~i~ t~ diabz~e s~_lls, ~ich t~%aA, i~5 ~eet. ~is "~ic~;:ness 

l~babrky re~esents the :~dmum in the sre~" for in ~his trav~r~'~e~ "~:~e D~cs~l 
limestone has a normel e~ntac% with the tmderlyi~ Dril~in~ S~.~i~ ~,,j~Szite. 
Over 75 f~t of A~che b;asalt lies above. A l o ~  the s~uthe~ on~. of the 
Eange; t~e ~sc~'A i~eu%~m~ is only s fa,~.," feet thlek~ o . ~  the Apache b~mlt 
is missing= A~!~%~nt!~. ~ e~mly C~abria~ erosion str i.p~e4 the, b~,~!t ~ much 
of--hhe ~zcal li~_stone from that area. 

The t~u~ t~iclm~ss of the M~c~l llm~me i~ p~ob~bly ~rescnte~l. by 
the a~tua! liz~tonm thickness sh~n on Pl~te 4. ~ ~*~r %here meoms to have been 
vez~jlittle ~si~z[l~tion ~ the lin~ste~e by ~ ~iaba~. l~d/,~.~ ~:~pe~s 
tO ~ve b~n ~ue ~min intrusive ~roc~ss ezJ~i~)it~ ~y the ai~b~. 

A re~x-kmble patte.~a has &~ve!~e~ in the ~sa~% li~s~:~ ,~t south 
Pr~to~ Ei~e. Dr. A. C. Water~ ~ aml the ~riter concur that this axc~te 

* Personoi co~ma~ication 

~ttern has bc~n develo~ by fracttm~mg~ s~.u%iem s~ subsequent c¢~.~.action, 

e. So!utioz of %b~ limest~e <~I~o~ %2~e i~-actures. 
3- Su~c~len5 c~action %~it~ ~rchi~ of ~ unaffectea intez,~.~di~.t~ 

m~e~s into th~ arcumte ~mtt~ra. 
~. ~ee~r~teJ_lizat~@n mlong %he fra@tu~es. 

4 
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This ~::,~'" " ~- " ...... + ..... 
-'P ............... ~, . ~ SO~le Ca~eS~. 9,artic%~larlY i~, h:)z'izon~ ,~f stroz~ 

na~ devel~:ed with st~h intensity as to fozm a rc~k s£~il~a " in rJbbi::~ it ~' " 
~ e~cance to ~ intrs, forza~tional c~nglom~ate. (SeePrlnt 6.) Z P 

P~A~ozolc E~";~s 
Tb~ Paleozoic section in th~ Vekol Mountaims~ ~ m~asu-~d on P~cmontcr~ 

E!c~c and at the Vekol mlne~ is ai~roxi~ate:~" l=6~l feet thick. X'~ inclu~.es 
c,u~',.ites ~n~_d sl~ele of Wd.d~].e Ca~.bri~ a~.~ uaz~. lime~tone of UZ!ge:r Ca~zbrian; 
%~cr Devo~zm~ !~u-~? 5~ississi!.~piam ~ Lo~-~ " ~enn~y]-vauimn m~e., The Orc%:,:~le!~ 
Si!t~.~iana ~m~, much of the Dev0rd&n era not z~resented. 

.~nese ~ock~ are essentially confe~'m~b!e in @d.~ an~ strlb~ ~:~ t!~o ttu~e~:lyiD~ 

Fenu~yivanian ~aco llmmst~ne azxl the ~verlyi~ Cretaceous? re,! be&~. 

Di-otributio~a 
Xn the Vekol ~C~untmins, the ~k~oy quartzite Is .~l!--~:~o~,~ i~ t½~ cli:$fr 

a~.g %;~e s~u%hx~ste~ ~d~e ~f Bitter Wel~s Fmain= az~, to a ki~.'~:~ ~. ez~.,-:nt, 
al~nZ the southe~'n fringe of the ~!n rsnge aug ~t the -'~ northc..v~- ¢:c~,~. of th~ 

by a b-~nch-fo.w~inz shyly m~rke~. The sa..~tiea ~t ~e ~,~t en~ r~? ' ',-~ . -~ '  

Ei~ ahowa on ~l~ 4.., J.s as foilOws. 

Strongly cross-b~le~/~ rusSy~ ~a~i~m-g/~.in~d 
calcareous qt~.~ozite i~ i "~ 5-lest be~s %.zitl~ 

~er . ccc~ionaZ san~, y ~ l , l ~ - b r ~ w n  l~r~.sto~ r.eaz 
~mber the t~y~. 39 feud. 

b. ~.-hin-b&-J~l~/ sh~ zone. with s.h~umi~ut brachie~d~. I0 fee';; 

4~nconf~:mlt~Z ~- 

¢. Wel%-b~:~ l-f~.~Gt queartzlte be~-~ im-~erbe~.~e~ • 
with ~e~oe2eCras ~ua~zlte. ~O fe~t 

T~zrer el. ~msive~ 'v!treous~ cllff-fo~.~i~ qua~tzit~ with 

eo 

, f .  

6-inch to 2-f¢~t be~s of qusa'tzite m~ sillccouc~ 
feet 

5 



brachiqTods. T-9.e in~ivi~usl beds r~n~.~.,, f~.-r~] one %o fi~e fee.~ :~m lhic]'.~:]: 
an~ consist Of ~ ''~ ~m ~ 

~-- ~rc~s--bed~e~/ qu~:W~zites, Zt i.s di:~flc'.ult to place the cor.:5~.ct of th::m 

beds beco~ less n~oroUs~ Bad fimni.ky~ en<i ~uccecg.e~. by i~Tui"e~ bro~;n !:%lh~stc~e 
C~,Z,d mice,~eous 3~%~tone an@. shale.. ~he con.t~zet i,'~ srbltra~-ily .~glao~ ~,"h '.;I:~ 
~9 o~? the i~,~%est ;-r~nent qu~m'bzite be.d., 

The bench-foi~£nS shele zone (b,) consists c~f 9.u:~.~zite e,~<i .S'l~:~'b~.Ic' 
be~ ~,} inch to 3. inch in thicl~.ess~ ~[~-bc-~.]~l~d po,~er shsles.~ a.nf.i [,~iOtt;F :mi.~=~b~;e 

e~c~g the base. Sm~ll; ]~rly .~esezve.~l b~.'c~h~o_%~c.£8 7~ere fou~l im ";~l:is ~f:~z,le 
aa ,ke~. horiz, e~, 

Age e~i Co~vrelati:on 
In his. early "~ork in .¢jae Gl~be .... ~'~ Esm,~o~:~ m.~i .~,I the ~ ......... :~'-.'-,~-'.':-,~ 

a p a r t  02 the Dri~}~ing ~@~ir~ quartzi~ve~ ~m~ar; l~  the ~hn~" qu:.Xk:~:zibLie~:': .be 

7 

yot~z~st f@m,?ztion ~ %/ze A!~ache ~up; i~i b~llew]£ t?0is ~c~:,p ¢f ~'ccks i:mlui~¢% 
file Ol"dovioi~u% an~ Silu~ia~ emd ~ms ~a~L~tion~. int<) the ~2i~ei ~evcni~l 1~[~'tin 
limestone. F~. ~ thmt rectum, he D3m.ce~. b~%h the 9~roy ~.~G. the A'~:~.~I~. grc<J~? 
in t!le Caubrian. 

Shrbm<q~m.2t ~o~k h~'~ cAo~m that t?m Ap:~m~:b2 (~x~ ic n<~t Ta~:~ht!.)~{al 
In~ the Devonla~. S-h~#~ has m~a~u~:~ ~er 700 ~et ~? ~.~ .......... ~,i]i.,.~' ......... ~.i ~,~ 

@ Sto[fa~ow~ A. A, C~,x~eiatien O f ~ i ~ a  l~'mleozelc l~e:~a.~;icm..:~. Eull. 

t~__~ %~-.~j from the ~s.~r Deve~ .an, D~z~on is also ~p~s,~.~l to the  Csi~mi~n 
• % 

s~A~es of ~tez'~zoic tP~.~m. 

.6 
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D&rbo~# ;~ p o i n t s  C~tt ~ t~confe~.~mit ; r  b ~.~,~'~n ".bi'~-* ;"'~-.,'~ ": r", ..... ~ 
f 

• % 

<" t ) ~ r b O ~  N .  H. ~e~: ~ ka'izO~,.~ ~=Ol~y, B l u l l ,  3.1> ..~Jl.'~. ~:..'..'~'~:;'.~2.0:~ ~.~2.~' :$# 
~ 9 _ , - 5 _ z _  # s - .  3 5 :  _ . . . . . . . . . . . .  .-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

the ~;."O~ qu~bzit~ ~. ' . th t.*linnin~ of the Tr. '  W tc~m~x! a~:~~'~3, k~:'i~';on3,, ".:2hLa.: 
u n c O ~ x . ~ o ~ i t y  i s  c o n ~ i r ~ d  b y  t h e  p~,~er~en',;e • ~;" t h e  v ~ . s i c u l . . ~  ,~'~"~",,'.'~<..~...,.,,.~ ":~::..,.'~:.;i,~; fl:~'..~-~ 
s~aa b;:r c h a u n e l l i n g  ~ t h e  b a s a l t  a n d  Me~ca"i tira,_stc.t,,~ " ,  ~- i u  t~.£ 'A:-l:o:t 'X¢,, :~t::," ns., 
i n  f-Jd.:~ S u p e # i o r  d i s t r i c t - ' ~ -  i n  t # ~ .  S a n t a  (! .at .  C t i n ~  I & ' ~ u n t ~ : i ~ { : , : -  :c~a:[ i ~  o'!;/,:,,cr 

• S h o ~ ,  ;,,~. '~ N .  a n d  ~ h z r s .  G e o l o & v  a:t,~l O~.m ~,~.T~ ~oe, l,';~a, o f  t b : :  ,.': .........., .,,e....,..,....' ..... :!{~:~.:~ ~n,~ 
/~eaa Arizona. Bull. l~l, Ariz. Bu:~'ea:~ of R~Je~.. :."')~ea*.-~. -~... .... ~}t~. 

• * S t o ~  A . A .  ~ c g r e l s t i o n  ~ '  /~°.t:L;On['a Ps30_~Ozei:~ ~,'~.~z~.'bi,:,~:C.,, " ' . ,~ l  . . . . . .  • 

_ _ G. S'_A-,_ go!" 42_z.~~*._19__~7" _~LI;- I~74' 

S t o y ~ a ~ m ~ -  s.e~mr~t~s the T r ~ y  f r o m  th , . ,  A I ~ d h e  gx 'ou~ .  . %.'.c:', .on3~7 l~.'.' - t.~.' '~,~ 

it Oxm~le~ps the gescal l i I :~s t~ne .~  but b.~:ca, ;se it . . . . . .  , '  "~  . . . .  "~  ..... . ....... :, .~i,.7~ . . . .  
, ~ ¢ ~ a f m ~ a b l y  u ~ ! e r l : t e ~  y o u n g e r  Mi¢Id!~ C a T ,  r :  ' m  a t ~ , t &  ,, ' "  go~a:L:~.~.~ v~.c:. ~ f : . , ; : g  

the Tr~y, there are abm~&ent~ but l~orl~ p~ :.~serve.cS b~,~,~bi,~V~&',~ 

the ~e o~ ~/~e ,T~oy ~umA~zit~: 

• ~- ~ ~ ,~,.. ~scal lim~s~ne~ it is Sel~% from thsI; fem~r~bi~,u..', ly ..i~ v~si~~.~n:~. ~ ~:, ".~'i'~ 
basalt Slm~s. 

• ~.~,~al ii~est~n~. &~ne basmlt is ~,ssln~,~ ic :~lly" ~r~ t.~. ~ ~;o~:~:.h,~:~.: fe:~,:=~C~;~ 
¢~? th~ rm~.~ ~d the ~.h:sc~3. 3z~z~t,;}n~ i~ n':~'~ more t,b.:&u ~0 "~'~,~::t t2d, c~l~ !-~ '.<:e 

z~ n.~ ~ly contain n-~m~.~ C~n.~ia~u !1~a::hi~,o~ b~at ~ro :~:~ ~;TD: ~ :~:~:~ 2.~ 

| 

! ,  
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~~ ~ .Z l . -~ : . v#o~¢~  ~ i & b ~ e e  e r o s i o n  su~ . f& , .e . '  ~ v. A ~ f L ~ l ~ , ,  b~,~'~l  ¢o~9, r .~r&- , : : .e  .o.;~!.~i ,V; ing 

c h e f S 7  ~ : ~  ealc&vec~s i~atrix i,a~ be~,~n ~'~:90 i±~ On tb~ @]~i s{l~:.~c~.':;e. -: 

~m~ writer believes the Ul.~er ~, m 7 re:~.'.,~:~.e~t '~"-'=~ ' .... ,'~ 

B e ~ 3 e  t l z ~ e .  

~-2~': e ~ e  o f  t h e  . ~ :  m & ~ i v e . ~  e l i : i : f .< . 'omaiz]~ am~ ,.]:u~J~,;V h,:,'..::o:L::;~:u] i J  (i.r~.~t::..o~.x~b 
As outline& ~ b o v e ~  them_ ~ a ~ e . v ~  t o  be . . . .  4 ~ : : [ i ~ . t e  ¢~O~,::,L,:x~at b:."~:~M:; .,'-~., t ,~e top 
~%4 bottom ef ~ais m~ber ~ %he ~ 7 .  I~ f o s s : L l s  h:,~"ye ~,~.,-,~ .......... " . . . . . . . . . .  * . , .~X~ i ' ,O :.kL~:e 
it ~ l . ~ ¢ l d ~  oz ~ L~r C~riaz.~ nor i s  Lh,~.~ ,.~ ~o.y ev.,.4,..t ,¢ ~ ..... 
to ~ate it as imm~ii,~ly-~est (4.1~;~.:.h:~. b .... ".'- . ,, ~ . , ~ . .  On th,'~ n ' ~  - ~  . . . . . . .  " 

~ . 6  t a n 4  to ~h~te & h i s  u n £ t  a s  ~ l a f l ~ d . t ~ l y  ;~Ost  A ~ , ~ x  b ,~ .~ . . l t .  

I n  t h e  oDimion of the ~ r l ~ r ~  fua*(:~v " ~ - 

%he V e k o l  ~{ount~ins esn b e  tr~e,scl t o  ¢ ' e '~ t r4  1 A r i z ~ a : ~ . . . . . ~ ' o  ,,~.~,.. ,.,,~,,~-.,,. %~,~,.... -:..4;:~::~:" :L':~.~: 

the uraonfarmlty l~int~l out b7 ~.~,..,,..~ " .  ~ . . ~  - 
. . , * 

~ _ ~ 9 2 ~ -  ~ :  .36, - - : , ; ~ - - - - -  ~ .:,:.L~. . . . . . . . . . . . . . . . .  

B]~ ~ ~ IN ~E Ve,kol M~a&taine? ' ' 

e ,~s t  r i d g e s  in t h e  n ~ e ~ m a s ' ~ r . ~  ~¢~z~ ©£ h ~  ¥ e ~ &  ~ a l , ¢ . . . n ~ . .  

The central 175 feet is .~ "~ ' 

~ ?  t2a~. ~e, a t i o a .  

L 

7 

I 
i 

, i I 

9 

,( 

, !!~i 

t / 



@ . • 
• , , . " 

:,.~m,, xz,'. ';;h=" {w¢::Cl.ying ~-%h~igo :~:' i;h.~ ,,~,~.]~'"~,~-,~ n~, . . . .  :, 
o-~ ,,~ ~ "~ :. f ~,m~l in the S¢.;::<:.~% C~t:Lin~ Ik0,~:~io;:. in "'" , %'<: s:<L "" ,£ O~.,~.L.~.,.~ %P3:Ff2 . _ :' ~ " ~.~I[. r,, Y~.?.';:'[::.Y-';:. 

;?.l"~:ov<.;h nvm~.£x':~'~,,9 ::::~%11 ~::~:nt:~,..'.~, braehic%~.~,~ an: ~.~ re':, ~ fr¢,c:~:z::;E: " .... ' ~ i); :7 :. :'. :: : ~" 1 . ......,.. • , , 

:.~:trati:~.~]?hic .~G~,3~.tien, , .,.: 

S~uthern Be:~.e ~ ~  . . 

~:~a~|;?.cni:.1 '~,,,:~'.1,1--e:~. 0~;,:~ £fI,C:~{. t:,r, C.,,::."t, " Xn t&,.e V:k~l ~..m~.~ins~ this "*' ' " .. . .... 
2'rent of tl~ m:i~ rmuge ~?~l in ":;he ea~% z'i£ges. Z% c~,:sist~ ¢.~. :::,]l-:;:,:"e:z:;- 

Th~ b,~s ra:~{e from I to ~3 ~ . . . .  ~ .. - ~ ~,eo'; thick, l,!~ t.~. 'r,-l-'pe? ~',~:ab..;' :' c.:.~' <: ~ e "~! ':~j., ' 
h.~:.:~srer~ it gr.],:e: .:~:~ormL2%v into :~?:~.,tche.3 cf s:~,'Wr:.'~:~ ~.~:::th "~t..::cn:: ~,:~..~..~.:~.;..::~',"~ ....... 

:3::¢' m~.x:L:~:m %hlcl:ness ¢4? a~.p::~x:Lm~tely :~O -"~ . . . . . . . .  , ,;.:; ,,:~. 
~:,~o m~.i:.,% ,range, ~:@ tke SOi,~'~z,, ~% ?z'¢a~.~:~~C:~.'y ~:I04[::9 ~ b :.~, thi:.l'a~.e:s :.:". 

21 fee% ~:~l?.i2.: far'~e:e so :,;h t in the, vici~it:[ of "~'<": .... . / .L ; ,. ,•, 

thick a:vi :.:~ be :6.ssing ~)c:,!]4,.. Thi~ c.he, nGe a~:,~.%2:.~ to bm ":::~.u~,;:::: bS" ~., : :).:er:l 

-% - [~ ~ ' :'e' Cet<~,]-I.n~ "{;~,~?e t e t h e r  tiara% t o  ~:~ un,D,c~%fe:::;:i'by. 9;ha ~rgp¢::" ~:,;~::'~{:.:z' ¢ :  ~.>:;~ ....... ;,~ 

slmii=~ ~a1~ositionel ~Iti~. 

ang is ¢~i~:,"eg by him "~ ~e of Midgle Osmbri,mu ~e. 

k~_E ~ f ~ ; i ~ a  

becau~ o f  ~ ~ft naturo o ~  the beds. 

A%, ~"~3~'~r~, :~ '~  ~ P ~ n ~ ; ~  i n  ' .~e 'V~l~'-~ ] , ~ a t , ~ , ~ n s ,  t~ b ~  ¢~ ~i~ :Uor:;.~Z~ 

'~.bln-b~d~ f~'#.go :.'.~.~y be ~ ~ b ] ~ . '  t o  the.  • ~in.c~ Zim~';:.~a:::~ d~,3c~:,ibe: b:" 

: ], 
( 

i: 

i: 
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~%t~t:Lvely i ~ m Z ~ e s  "hhmme ~ in t h ~  Abr~.;o, 
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~ c e  ''~'~.,~ l ~ .~ .~ '  -.- ~' • ~ [~z~ " t ; } ~  SO~ri',-~:,.r.~2~ - e~.~F. ". O i '  'th,,~. ;~"'~;' .,4.,~,c~ ,C~•t ~~""v~,-; ~ . . . . .  ,,, . . . . . . .  i ~ :  ~,.." : ~ '  o~ ]  ~- '~ . 

!~.0~a@.iate]~v ~,#~ath of Promo.~torl Ridge in the vicimit~ of Dinb,':.ze q;-'~ ........ , 

Ab~ .,~go is estima'he~l at les~ the.n i~ feet. ~his tl~.n,uin~ ~.:~ 9- 7~: ..... s, ~. 
by !ocal~ "~#er.-U'p!~e~" Devonim~n erosien of t~ #~rig.o ~x'fa.ce. 

~Y~.ir; fornmotion ~ s  i'irmt ~escrlbe~% b y  - -  - " "  ~ " - ' ~  ° ~ .~...,..m,. 

the ~ f ~ r i g o  ~ i ~ . : . s t o . , ~ .  A s  ~ e ~ , ~ c ~ ' i b m ~  i t  i n c l u , ~ , e ~ l  t ~ m  ~ m e c i ; . i ~ .  " ............... -'~ :-~-~. "" ..... " 

#ol, ~e, ?_,9"%7- ~ _ _ . _ ~ 3 . 0 ,  . ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

this sectio~ into the • fol~ing fe,~tion,~: 

U~per Cambriau PepDers~uce sma~lm~.0~e 
AbrISo for~:~ti~ 

South~ Belle ~ ' ~ , ~ ' : " ~ ' ~  ~ 

Sant~ Cat@~in~ for~m~t,i.on 

2 . ~ ,  Abrigo bmcau~e of the lithol~e s~i!m~i%,~ be'h,~;,~e~ the C~mh~r~.Le.m mc~,:~:o :~.'~;. 

in the SLmte l.lo~tains ten Ii~.].eS z-~tl~esmt ~f the Vm.~l ~" . . . . . . .  ~ . . . . . . . . .  

i i ,~  Ab:,r igo f ~ : ~ , ~ t i ~ ' t  em\~,mm~ i n  "~,h~.m~ l ~  ~ . ~ e ~  ~,,~.~. ~i,~i,!~m ~ .~.i'~~,i.~,¢,;~ ',C:;.'.!-~'.,~r; 
~ : i  oecu.~ i~entiea~ s~&v.~oti&~a~hlc ~ositlons. 

, ~ _ ~ u ~ . C . ~ .  " ~  "~ ~ ~,,~ . . . .  ~ ~ , X ~  - ~ , O ~ : i t i C  ) ~ - ~ , ~ I : ~ - : )  omC~ " ~ ' .  . . . . . . .  " " .... 

o-,~ %he bmmis of ,~thol~r.3ie er~,l ~ntol~,~ie cem~Imrt, len '~.~.%th n : -m ,~ : i i . y  r,~.,,;~',~: 

i 0  
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These rocks are well-expose~ along ~the east front of the main range s~xl eas~ 
ri~s. 

Picach~ ~.e Calera formation? 
Seventy feet of cliff-forming, black ~alomltic limestone and bandevl 

blue and ta~ limestone overlies the Abrigo fOrmation. Through~at the centrsl 
part ef the ran~ those beds are separate~ from the Abrigo by a distinctive 
t~a, coarse-gr~ined calcaz~ous ~andst~ne with ~'ell-rounded grains. This s~t~st~n~ 
is mlsslr~ in the morther~,ar~l southern sections. The Picacho de Calera? i~ 
m~l~zratmd from th~ overlying M~rtin limestone by m c~rse-£~'aLued, calcareous 
sandstone with sub-roundea grains. This sa~te~e b~d ranges from ~-i8 feet 
in thickness and is a continuous marker throughout the ar~a. 

~h~ f~llo~ing section, ~i~'~,-e~ o n  the cliffs about 500 feet s~ath~rest 
of Pr~mo~¢~@r~ Rid~ is characteristic of the Picacho de Calera? in the Vekol 
Mountains: 

a. Tan, mmdium to coarsen~rained, cross-b~ided sandstone 
with calcareous cement, i~ feet 

b. Soft, n~du~, r~ish-~row~, sandy limestcae. feet 

c. Dark gray ~ol~mitic l~stone 'with al~ bands m~l 
faint outlines ~f brachi~xls. 2S feet 

d. Black, su~ ~@l~mite. 2 f~et 

e. ~.Iteraate blue and tan limest~e. S~y t~rd base. 22 feet 

f. Tea, calcareous ~a~stcae with ~eil-r~lm~ grains. 
Total 

2 feet 

~ above ~ection c ~ s  favorably with Stoyano~'s descriptiom of 
th~ Picacho de Calera formation in the Picacho ~e Calera Hills twenty-five 
~.iles y~th~est of ~acsmm.* Stoyamo~'s secti~ im as follows: 

a. Bro~a ca!ca~ous ssa~stome replete with fish teeths (Top) 
Ptycto~US aff. calce~lus (N~wberry aua W~dhen)0 two 
s~ecies of Claa~us, ana One mpecie~ Of La~oaus (?) 
have been i~entifi~. 

b. Black ~IQmlte. 

2 feet 

25 feet 

Ii 



e. Yello~ c~jsta!line limestone largely ma~e of smm/l 
calcifia<l algal b o~ies an~ interbedFle~ ~ntth thln~ 
flag~ blue li~ston-.; small go~iatltes are s~.ica~ly 
f~and~ no closer i~entifieatlon ham ~ yet been l~osmlble. 2 feet 

Blt~ limestOm2, in beds~ 2 to ~ feet thick ccm~2osed ef 
large z~heriea! str~mat~oroid~ and algae ~ith abutment, 
but ~oor3.y preserves za~hretoid an~ f~vosit~id ~orals. ~ feet 

e. Ze!iow CalCszmous saz~stone with well-~~ sand 
grmins 17robably of sub-eolisn@rigin. feet 

-73 feet 

Eo i~entifiable fossils were found in this l~art of the ~er Devonlau 
section in the Vek,l M~untains. E@~ver, beesum~ ~f the similarity of the 
section in the Vek~l M~utaims %%th the Picacho d~ Calera fox~tion in the 
~icac~ d~ Callers Eills ~n~l c~ara~le s~ratigraphie ~sition, the writer 
tamtatively desi{~r~s this ~art of the ~ r  Devonian section as Pieacho 
de Calends for~tien. 

~rSin iime stT~ne 
Xn---t~ Vekol Moumtains, the Martin li~ast~r~ is ~ll-ex~,mse~ in the 

east r!~es~ along th~ ~ast fr~ a~/ in th~ central an~ sohth~rn saction~ 
• @f the main range. Xts thickness ~ s  from 85 feet al~ the ~outh~rn ergl 
of the main ran~ to 125 feet in the central area. 

The secti~ exposed on l~r~toz~y Ridge is as f~ll~vs: 

~. ~t~ly~ gray llmestene in 1-3 f~t beds. 

b* 

d° 

Buff~ t}zln-be~d limestone, 6 inch to 1 f@ot bedS. 
% 

Buff, maaslve~ cllff-f~ng limes~. 

Thin-be~e@, buff limestone with ~ inch quartz-line'~ 
~exles. 

m. ~aln-bed%%e~, buff limmstgm~. 

f. s~ft~ shyly llm~st~e, ~rly exl~a. 

17 feet 

18~9~t 

~3' feet 

.%2 f~et 
Total ~ feet 

'l~ae u~er ~rt of unit 3 IS highly fossillfmrous. At~ reticularis 
Linrm ~as foun~ in aBtu~lance with wide variation. ~ h_~erfoz~i }~ll 
~..~s fe%~% ocea~ional!y,, t~mther with other ~ly ]~re~ervmd forms v/nich 
have not been iaemtif~ea. ~ ~roliflca ~ a~ ~fnltfiela ~cur s~or~.ice~ly 
in this sam~ h ~ m .  
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~ .  ~qrtin limestone ~s first gescrlbed by Rans~ at Bisbee. There~ 

it co~ists ~largely ef da~-k gray, har~., cc~act limestone 3~ feat thick. 
Xt is ~mderlsln by the Abrig~ llmc~to~e an~ overlai~ by the Escc~brosa li~mstome. 
' ~ e  ~.~.a~i~ llme~ stone is U~2ar Devonian in ~ 'e .  "~' 

* Ran~r~e~ F.L. Same reference am a~ov~. 
* Stoyanc~ A.A. CozTelatlen of Arizona Paleoz~ie F~ti~ns~ Bug2..~ G.S.A+ 

v~. ~e, ~ . ~ ~  . " 

Th~ soft~ bench-f¢~'~ing limestones ~ich lie @irmctly abQve the ~in 
~li~estone in the Vakol Meuntains, range from 38 to 57 feet in thickness. 

~Ix~z,~ory Ridge, the f ~ollo~-ing smcti@n is ~ o s e a :  

a. Roughly-banded, light tan to mhlte, cliff-formlng, 
mealum-~ralnea ~uartzite with sand~, calcareous baz~. 

b. " 6 inch %@ 3 f~t beds of plnkish-~ay li~:emtene. 

feet 

16 feet 

½ inch t~ 6 imeh~ yell~sh- ~ f reakish-tan: .$~ft, 
hi@hly-~i~:~, r~rly b~@~ llm~stua~= muast~ma, 

~I feet 

u.~er quartzite m-ember is mlsslz~ at thg mezthera end of the e~t 
ri~'es aud m%eug the seutaera frAmge @f the mmln rauge. Thgze is a gr~us_% 
thinuinS fz'am the central part of th~ remge ~u~mma. ~ remain~.er ~f the 
~eti~a ranges fm~m 38 t@ 4~ fee~, sm~ is thicker t ~  the fringes of the 
mountains. 

S+~*;yano~f~" ~mscrlbe~ this fermation in Pe~sauca C ~az~/mn in the Santa 

voi. ~.e,~: ~.@: ~.7- _. ................ 

Cat~_!ima ~kmatalmm, t%~emty-five mi.lem m.~'~+h o f  ~acsoa. Xt also is gescribea 
by ~o.~..~ ~ in the Slate ~umtains, ten miles ea~t of the Vekol ~x~Autai~. 

~.~ ~. ~. ~.~' a~' ~:a o'~ ~ s . t ~  ~ ~ n ~ ~  ,~za~ ¢ ~  
Slat~ ~,~unt~In~ PimP. C~utyp Arlzon~. ~a~ter~ ~hesle, Univ. of Arl~.  
l~o .  

~m'~ sectic~ i~ as f ~ :  

~3 
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~.hin-be~e~ ~ink mu~st~e~ saz~st~a~ limest~ a~i 
.~%le wrlth s~ thicker yell~v sandst~a~ amd light 
gray ilm~staue b~as. About 25 fee~ below the ~ is 

4-foot ~m~stone be~l ~f co~r~ - -~a ln~a ,  pink an~ 
yel!~, friable s~adst~m~. .- 80 feet 

b. Light blue~ fOssilife~ limestone ~Ith Schizc~i= 

~_all brachicpc~. feet 

C* ~el~ and pi~k, thin-he(k%ed samdstGr~, limpet(me an~ 
shale. 

~otsl 
12 feet 

The ~riter has e ~ ~  the section ~eserlbed above. Ee believes the 
rocks lyin~ between the ~.artin fire, sterne am~ the Escabr~sa limestone in the 
Vo~,-~D~ ~OU~ms ~ equlv~Imnt %0 the X~;~r Oura~ fox~tion ~scrib~a by ~o~e 
in the S!ato ~4ountains~ even though no characteristic Lower Ouray fossils 
were f~umS in the V~kol sectiauo 

Escabrosa llm~st~ne 
~~i~m~t ~ ~t~m form~ ~r~mi~ent outcrc~ al~mg the oouthera 

an~ ~tcra si~es ~f %Jam main ram&~ aa~ s.~ th~ c~-~sts Of the east rid&~s 
aria hills. : ..... 

It is a %hick-B~d~le~ n@n-ma~nesisn~ light to dark ~ llm~st~n~ and 
is generally ~saulmr~ alth~m~h s~ b~e az~ fine-gralne~ C~i~oi~ stems 
are p~evalm~t ~t certain h~zo~.~. 

%~ais liz~steaa average eb~at ~OO feet in thickness in the Vmkol ~ouats~ns. 
Xn the center of ~ main r~mge, at Pz~m~tory Ri~, it is 3~3 f~et thick~ 
at the V ~e/zo! mine te~=ara the r~hera en~ ~ the main r~, it is ~iO feet 
thick~ e~i at 285~ Pe~, ~ust s~th ~f C~resity ~a~ino it i~ ~r~zdmm~tely 
~l~ f~et thick. Emd!ey~ ~r~s a ~ of ~ f~mt in the Ee-~z~ area 

om the ea~torm eagm of the m~unt~i~s. 

Gemer~//~ %be l~mr 125 feat is massive, ~ ~ blulsh-~rmy lim~steme~ 
the ~u~c~at~ ~5 Zest is b~a lime~t~ue with ~ltera~te aa~k gray, t~a aua 
b!uish-~y bsas ran_~Ni ~ frmm 6 Iz~h~z tO 5 f~t; the ~r 2DO feet is a 

V ~si e~ &~%V limestone with c~casi~al cherty hsrlz~as. 

t~ 20 to ~ ~eot ~f E.~abro~ is alt~r~ to a ~i=kish-taa color. 
~am~z~ts from a ~ marker b~ i~ the central bau~ ~e sho~ that thc 
co~t~t ~£t~ th~ (~o~lyin~ ~co lim~st~u~ iz ir~cgmlar~ au~ ~r~ab,~V ~l~ents 

o~Ji ero~icm su~aco. ~-~.k~co Joi~tim~ a~a~ t~ be .~r~nt~ a~ uni~abt~ 
~ ;~ , z~ , . uz  an~. ~ ~t~r action ~re effective in th~ formation of the. z~ae 
~f alter~tiom. ~ b~llmZ ~umlly fa4~s u ~  into this zcae. On 28~4 
~eak~ clastic'~k~s ~ccur Lm the ~ r  five fee~ ~ the Esca~r~ma .~tm~st~mm. 
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~[ell-2resez~e~ fossilm ~;m~ difficult to find in the Escabroz~. S2irifer 
contro~atus ~inche!!~ the Sulde fossil of the Escabrosa anal ~ SyrlnGo~ora 
coral ~m~e the only tzo definitely i~entifiable fossils f~ by the ~riter. 
Eadle~-x- r~orts numerous ~ntrqmites 300 feet from the base of the fora~tion- 

* Hadlcy~ j.B. Copper Deposits of the Rewa~vl Araa~ F i n a l  County~ Arlzatua.  

in the  Eet~rd, ar~a. 

Acc~lingto Stoy~a%o~ the Escabros~ idm~stune is ~ r  Mississi~ian 

in a~e. Ee states "Upper ~,~ismi~sippian ~sits are known only  in southeastern 
Arl ZOD~" • 

The Escabzesm limestcme ~s first dmscrlbe~ by Ranmm~ at Bisbee. 
~e describes it as "A~ath~r thlck-bed~l~ nsarly ~aite to dark ~-~y, gra~uler 
limest~¢s~ ~hich clesa examination ~ t e n  shows to b~ maae ~ vezj ]~rgely 
of crinoid stems". ~ zveZ~e thickness at Bisbee is 700 feet. 

N~ !imm stone 
In the  Vekol ~ount~Ins~ tha Nac@ limestone c~msistm ~f li~t g~ay lim~s%ane 

be~s f~ca i to 5 feet thick~ se~ar~tea by sh~ ~artlngs. The shale ~warti~gs usually 
a_~ a fe~.~ inches thick~ but a few are several feet thiek. The shale is fize- 
~exture~ and reddish-brown in c~@~r. On ~ stamp sl~e~ it ~ther8 reex3ily 

t o  form a ~¢~les ef st¢~-like benahes. 

~h¢ f o l l o w i ~  s~ctien~ exl~s¢~ on the ri~e ~t the Vakol mine., is the 
most ¢~m~lete in this are~: 

~. Alt~rnat@ ~ fag~g bed~ of light grsy li~est~n%e ~rlth s (~op) 
v~A-iaBle ~<gree of ~illeifieztien ax~ inclu~e~ l~ye~s 
of chert no~.~lo~ inte~edde~ ~ith 1 inch to 1 f~t x~ 
shale b~ds. Abundant fossils @ccu~ en thu wemthexm~l 
surfaces of many be~.s. ~h~ top is n@t ex~=e~, i00 feet 

b. Coral ~ r  ~a ceatalnin~ num~us 
tor~uAum (O~a~). e-8 feet 

¢. I to ~ f~t beas of llght gray lim~st~=~ ~th 
~cca~io~l f~=ils, sep~a~te~ hy ~e~ zhsly p~in~.. 
Cher~ horizaus evez~ few f~t. 97 feet 

d. SGfZ~ brick re~ shale wlth n~ul~s @f limestone an~ 
~¢~slonel thin llmestcne ~en~. Ge~y very 
~rly ex'~se~.. 40 feet 

e. ~ray~ m~sslve ~eds e t@ 8 foe~ thick ~ith infrequent 
bands of chert n~lule~ or irmegular ¢h~r t  lenses. I~0' feet 

f .  ~e~ shz~z ~ i th  z o n ~  c h e r t  ~ m l e z  area g r i t  ~ s .  10 f e e t  



m~Jority ~f the identifiable fossils ~are collected frc~ I/mestene- 
beds ~ unit a. Among these ave: 

S_plrifer C~me~tu,'~ ~ioz~om 
Dict___~clostus s2mric~us Dunbar ~n~ ~ .... 
S~Irl~er occidentmlis Girty 

S¢~uzn~%~l~ia ~srplexe }.'IcCl%es~ey 

Zt~=rcus b~Vozc~us ~ fc~ locally, ms ~Ii as plate.s aria ~u~ oZ 
sea urc~hi~s. WeML-~eservel Orthoceras sp., an~ unidentified ga~tro~es ~eze 
f~c<i i~ the t~2~s~ e~os~ b~ ~u~t ~orth of th~ ~eko! ghost t~. Crinoid 
stems ½- inch in ~iamete~ ~e ntm~rous in the t~r par t  ~ the N~co. 

Ta~ f~%/~iz~ fe~ms were collect~x~ by Bryam~ from the s~uth s!o!~e .o f  

~ith a .:i, ketch of tho Ge~c~,~ ~. S. G. 8. Bull. 73~s~ 19~. ~ .... 

~ D~n~ N. E.. Resume Of Arizona 

c~~lum ~ui~ 

Ch~et~s v~i~nueilla~us 

were aete~ by G. ~. Gix~y~-: 

~ o ~ y ,  z ~ .  ~ /9  ~ z ~ ' ~  o~: ' 

~uotus se~Lr~ticulatu~ 
~n~fera s~lendens 

qm~era'~us 

Girty c~m~i~erm~ them em DG~r ~iva~lea~ ~c~'res~c~InS~ to the 
~,~. z ~ ef the ..~-a~o limest~u~ ~f the Bis~ee alstr~ot. 

Accez~i~ to St~ymm~, the f~a~ eoll~c%~i~ i~ the Ve~k~l ~ins by 

, , , , .... ~ ~ = . -i,., .,,, ~ ~ :" :~ ~ ~ ~ ~: ~i ,,L .~,, ,JJ, ,,, | 

th~ ~iter ~ reV~e~_nt the ~y~r l~e~nsylva~iea ~:~e. of the Neco cn~ p~b~bly 
are equivaleat to the  Weeks f.e~s!is ~ Okl~h~z. 

~e thlckness ~f the Naeo llmmstau~ v~es gre~tl~ throughout t%e arez 
because of ~t-~co e@o~i~. (~a the east si~e ~f Bitter ~ells ~asi~ it 
is e~ti~t~ ~t less tham IOO f~t thlok. Gn the south si~ e@ Co~osity 
Ba~i~ th~ ~asu~ed thlcL-aezs is 270 feet. At Vekol mi~e, the ea~o~l thickness 
is ~,'.!5 fact. ~ae t~ is cove~e~ by t~rrace gravels sag alluvium. 
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? :~  contact bed s~t the bsse of the Naco limes~e is frown 5 to 2-0 fee%. 
"hhick~ au~ eozmlzts of. sOf'~ hlgbly-~oimt~ era.@ "squeezed" re@ shsle ~ith 
roun~d ~a of reddish-brown ~ grsy sandstaue~ flne~y e~jst~.~].ine limestone 
¼ of Con inch to I f~ot i~ ais~t~r] ~ aug z~m~ chez~@ modules ~4aleh h~ve ~hite - 
centers sz~ ~e~lish halos 1/16 to ~ inch ~de. Grit lenses ~i~ bands eo~isting 
!nm~ely ef cherh fr~Em~nts occur Irregularly in this ze~e. ~e~ usually 
is a rough b~uitug in this be~ parallel to th.~ contact~ ~ belling movement 
h~s been effective locally. It is a !~erslstent horiz~m tbxoughout the srea. 

To~I the s~th eng Of the rauge Ca 2854 l~ak, the contact be~l is 
scm~f~.t ~iffe~nt in al~eazan~. ~he f~I/x~ing geetiau was note~ at tl~. 
base ef the Naco I ,im~stc~e: 

i. Pebb~vbrecciavrlthan~ chert i~nt im m i fc~t 
~m~;hat si!icified~shaly~trix. 

Zrlc  r atochccolat col6r a, s l  tezyshale Ith  
chert ncaules. feet 

~. Tan; ~dium-~aln~d quartzite. 1 foot 

. X~ure ze~ shale ~rith mum~rcus zcmea chert ncdules~ 
am~ ~Ith ~a ~cc~elenal t h i n  ahaly sar~st~m~ b~a ½- 
i~h to 4 inches %hle2~. 

Total 
7 -feet 

l~ feet 

A. C. Waters has suggestm~ to the writer that this horizon~ IS the 
-vicinity of hhe Vekel mi~e, resembles the cherty soils ~hich are now ¢leve!c~Im~ 
in s~ F~ma%s of O ~ ~  aria Arkansas. ~ney are smla to ~onsi~t ~f r~l and 
~ soils %rlth inter~er~ea che~ fre~Z~ents aua n~ulem. %~ney are be.~.eve@ 
to be ~he result ~)f %matherimg of llm~stonm in i~0e~ ~ud Qf the ~sitiC~ 
~f e~e~ ~t~rlal from aaJacs~t hills c~ cherty ~stcae. 

If the contact be~ is an ~%ciemt ~il~ r~i~ ~ubm~rgemce ef ~ ~e~ 
s!~img ~.l~:~ m~n~. have been necessary to ~reven~ it frc~ being remsv~! 
by ~ve attica. 

C~rrelat~en 
%~ E~ce li~stonm %~as ~esemibe~ by ~ ~  ~t B!sbee frc~ the section 

i~ ~ ~cO ~19~ rimer the ~mx~oe~ h~er. ~me~e, i~ iS characterized by 
II t gh cozened b~.~ ~hleh c~nslst l~r~e~V af ¢aleium c~rbunate an~ raug~ 
i~ t~c~s fre~ a fe~y [uch~s to ~0 feet. ~ m.~ ~escr~'~ as he!rag ~u~ 
~=%zm~r tha~ the Eseab~s ~ ~e msze a~i~Itic ~ texture. ~h~ thic~s~ 
at Bisbee is e~t~mt~ zt 3~000 ft. 
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~lesozoic Eock~ 

Si!iceo~ ~e~ he~s an~ qu~mtzltes~ resting ~ith a slight smgu3m~ track,fortuity 
on the l?hco li~stone ere xoumd ~ , i~ the ~ath~estern ~art of the. m~in rar~Ce 

E~ in the Co~roslty Basin. Plane ~able Traverse D a~a ~a Plate 5 illustrates 
this s~tlon. 

The mecm~mzi thic'zmess excee@s ~OO feet. Several hu~ feet of 
a~lition~l section is beileve~ to be present~ but no measurement ~s at ,ta~ 
because ~f f~ultinz in the up!~er beds. 

A bas~ conzlcmer~te usua3~y is _r~esent. Xt eenslsts of ~ub-rou~,~ 
to ~-au~.~.., ~.~bbies ran~ing ~A~m ~ inch to 1 inert in diameter in ~ eo~se- 

in a oon~c~te cca~isting ~'gely o~ ehalced~mie ~r~bbl~s h~l to~tb~r 
in ~ ch~!~ ~- ~an~er ~rL~. The or:_gln~l i~ntity of the ecnstltuent r~.bbles 
is 3~.~ely ob~cu~d. ~ne thickness of this ~tnlt varies from a f~ inche~ to 
more ~i%~n "h~n't.y-:flve feet. Locall~ it fills ch~mlels in the Name erosion 
surfo=e. (PFInt 13.) 

The n~Jer i~t of the se~tlen lllustr~Img on Plat~ 5. consists l~gely 
Of bri~ ~ to ye~Jm%~-b.%~, ~pllnt~ry~ sill--s shale aa~ sh~ siltstO~e 
~ith ~emsio~ ~ to I0 f~t ~e~ of .massive~ mediu~-S~ai~4 to pebb~f quaztzit~. 
A 5 foot bed of co srse, gre~, arkosiO sar~st~me is lo~%te~ shoat 190 f~t 
from the b~eo 

first boulder c~!omezate wes feun~ at ~78 feet ~ the base. 
Xt is 3 feet thick~ an~ is m~ t~ of sWo-r~ qum~zita ar~l limestone 
b~a~e~s~ eobble~ aa~ Dmbble-s in ~ loosely eementea matrix ~f co~se ~m_u~. 
A sec~nd, b~ul~er c~n~le~m~te vas found- at %~e t~9 ~f the ~ured Imr% of 
the seoti~m. %ranis b Isul~e.r h~zlzon is arj~roxi~t~ ~-~ feet thick ea~ is 
c~abie to %he one Just ~esc~ib~. A thlz~l~ at lea~t i~O feet thlek~ occurs 
in th~ ~ un~ed ~art ~f the semtimm. 

~h~e row~ ea~ be!i~ve~ to be~c@nti~m.h~%. ~ section i~%ustrat~ 
~m Plzte ~. ~zobr~J~iy re~s~mts ~e~osition of flne-~rai~ ~%s, silts: an~ 
thi~ ~y ar~ ~bbly be~s on a fle~ ~laln. The l~se~f ee~ente~ r ~ ~  
b~>al@er hg~iz~ ~m!~ ir~zlcate ~emi~i~ u~er cg~Iti~ns in which str~/ge~ 
currents ~z~vaile~. 

~_~ %rrlter has ~ ~o~ ~z~i~i~nt ~h in the u~er ~r% of this ~u~ 
r~ to ~ete ~. its c~.ot ~rlth the ~ooks te~It~tively desi~t~ ~s 

Gi~o~ co~rat~. !% is ~oszible th~%t tlv~ %r~t vit~ou~ q~7~.zite, ~i%Ich 
lles aireetJ@- bemm~th ~%~ 2C0 feet of beui~ery e~ngl~rate in the Cop~ercsity 
3a~i~ is -hh~ t~i~l~er c©nt•mt c~ this un~e~ ~etac~o~? ~m~tion. ©~'~ i% 

to =o!ve ~s ~ro~Imm. Fez ~u~es ~? asp~n~ the ~ri%~r tentatively ~l~.ems 
the. ccm~ct at the t~ ~f the hlg~st vlt~us %~a~t~ite ~curri~s in the 
c r roslty Basle. 



~Je ~iier ~s ~0 evidence Of the age ~ these rook~ e~ce~% that they 
~verlie th~ ~mo IL~est~ uuco~fora~bly~ a~i in tura~ are ~verl~In by volceaic~ 
believe& to be i~v~e!y ~e~tisanj in age. ~['ne ~ecrea%iOn ~I Be&~s~ de-zoi~lbed ' 

-z- n~m~ W~ ~. 'Zuczo~ Z~m~%ins~ An Awlzoz~ Basin ~ange zy~e. Bu~}/l. G.S,A. 

NO fOssiLs ~;ere D Dua@ in the Vekol section~ h~er. ~ ~¢fi~r e~l~ects t o  
~ e ~  a f u 2 t h e z  st~ ~ y  o f  t h i s  ~mobl~m. , 

Gil~. C ~gl~erate? 
E:~osuvez o f  the beul~ry co~Nl~a~rate dmscr£be~ ~b~e; e~cum at frequent 

imtex~e/~ along -tree ~est i~on% ~2 the ~n x%~e. ~u~t ~s% of ~he ~c',~ 
mlneo'hhev a~ear to ~e u ~ m o n f o ~ i y  abOVe the z~. be~S ~ qt~.~tziteSo 

At ~ nc~'~ e~ ~ the m~in range, this co'~e~at~ is ~ll~ex~o~ 
baue~%th %.he O~,uater~%~y voloauios. Xt ceusists of m . ~ - ~ c ~  b~%:l~ers an~% 
cobbles sve~i~z betz~,,en ~ aml 5 inabe.s in diameter %rith eccasio'asl bc~2~P~ers 
e~ much as ~ leo% in ~la~ter. Limes%eue au~ ~ua~tzite e~e the m~'im co~titt~en%s~ 
but a fe~ volce~.e an~ ~labese l~ebbles usually are p1,o~nt. ~e m~t~ix grades 

ti~na 02 ~uis e~.cosure ~u ~Z/bTY ~llels tk~ Vekol ri'd~_~,~ an~ tl~e "beds ~p 
~b~ut ~5 S~W. This comgl~er~te ~_~gea~'s t~ rest ~irectlM on z ~,~co !i;~eztene 
ez~sion surface e~l on soe.tter~ l~atahes e~ the bam~% Cretaceous eong$~$A"~.te. 
At the ~:~s~ ~me the Bitter Wells r~a~l o~ozses the ~ivid~ north 02 ~he 
Vekoi mi~2~ the Gil~ co ~n~er~te is %rell~~. (See Plate e.} Xt e~si~tz 

into the thick %~f be~s ~ the flemk ~ ~91~ ~/~- 

XXX~ ~~gb% GEO~ 

%~ fe!istioa au~ the sehlst@si%~ ~ the b,~t rsoks in the V~. 
H~s~s ~.u~ice.tes st~ stru~tursl aetivlt~ ~,i~ ~r~mabrlmu tire, 

gene.~al ~tructu~% -~ez~l of these ~ks~ ~ ~ Plate ~,~ ~rebably i~Tlu~m0ed 

%h~ ~evel~T~s~% ~2 l~ter stra~tures. 

Tg~ ~e ef the ,~am~ Agaohe . ~  a~mrs to rest on a sub-face 
of i~ relief~ In~Aic~%ing z ~.~i~/ ~ ~ er~si~ au~ qt~lescence. ~hls 
~cric~ ~2 "es/m" oe~ti~t~% thrQu~h~u% %he A~eh~ tlr~e ea~ tha ~aleozoie except 

-x ~ " • ] for DoSsib!e ~s~',~ees aue %0 the ~Ixla~n% ~ the ~.abase. During 
the ~raovi~iau~ S:L!-azia~; an~ ~ch ~f the Devcaiam, this azes~ li%'e ~mst of 
s~ather~ A~iz~, ~:~s %~iift~ s~ ~s b~i~ e~@~l~ or at l~s% not ~ee~Ivins 
s~nts. L~te Paieozoic r~ks ere essen~ia//~ e~s~f~eble in strike au~% dip 
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Du~,~img the !'~ermi~a; Tr'~emsle and J~si~ the .smes~ must h~ve ~uudergone 
a seeon~ ~:temxled r~ric~a ~f e~sion~ f~r ~ rocks of %l~se ~es ap~e~:~ to 
be re~esente~. The b~s&ul conglomerate ~f the n~u-me~in~ re~ be~ ~ait. 
~robable Cretaceoul e,ge rests with ~_~%ulmr umconformity on the l~.~cO l~-.~-sto~ 
indicating the end of the 'long ~eri~a of quesee~ce ex~l prcb~bly~ the_ beginning 
of t~ extensive lu~assie~ Lsremide ~-~. ~ertiary Strt~tt~ disturbamce~ ~m~o~u 
t~) the ~esiz~ ~ e  ~a~vince. 
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~e Vekol .~.~taims represent the era, stere flm%k ~f a Dm.~h%~s'h trending 
~ync!in~l sta'ucture. ~ae ~s of the syncline is locat~<l al~g the ~c~tb~estern 
eS~ ,~ the mci~ ra~4e~ 2m a~ticlinel fold is imlio,%te~ by the tre~ of 
the be~m ,~% the northez~/e~l of the Sl~t~ M,ou~t~inm about ten mi~ms southeast 
of the Vak~l ~a~tai~s. ~ese stz~actures ~robabl~ ~re~,~:at  the fii~st sto~ 
in the structur?~l evolution of the m~tsiD~ in this ~n% Of Arizor~,%. The 
~".he in~ive~ m~y h~ve accomlranie~ this foldin~ or foll~[e~ soon ~Ster " 
it develo~ad. 

B.%•~ck faulting alous t~o ~aJor systems I~ th~ control/i~g stz,~ctur~l 
fe~J~t,~ in the ~t:~uot'.ural ~vel~Im~nt ~f th~ VckOl F~tai~. ~.o~h~:,'~,t 
t~nding~ east diy~ing~ no~.~.~l faults have f~J~ the n~rt~e~t t~'~.~ng 
blochs i~ludimg the znin rauGe ~nd %~he aherp ~.~es on the no~.~t. Su~n,~t 
l~%ter~ the east-%~st an~ n~r~k~est t~udlmg Co~ger~ity m~ Dit'~r Wells 
faults divlde~ the ~un~ins int~ thzme ~istiz~t stru~tur~l b~: the 
no~the~stern~ ~ the centr~'!, and the so~t~. Es~t-~St faults Of m~m~te 
di~l~c~nt a~-~eem to h~ve been a~u~tv~ut faults r~l~t¢~ t@ botch E~%I~ 
sy~t~-3. Steep~ north-~s~uth faults ~Isy ~ mi~r role in the strt%cSt~al pi@ttt~e, 
Fa~tin~ Ca the ~ ~J~r system,s is believe~ to h~ve c~atint~a inter~ItScn~IF 
through tae~ late ~ertia~y into Quaternsr~ time. 

Dacite I~Vry fo&~ms.~ ~ sills~ aheet~ au~ ~Ikes which t~r~ ~%~h~z~ 
Al~o~ it intru~s ~uy Of the ea~t-~e~t fault z~ues: An e~t~e~t tre~AiEG 
rhyolite _~phTz~j ~lug sa~ ~ outs the Pale~zoic sad ~retm~eou~ r~ck~ au~ 
the ~mlte Dor~hy~/. 

~_ !~z~-~mce~ nor%beast tzen~ ~ nsrth%~st dip Of the Qt~ter~V 
velc~uics a~ tl,~ ~~ste~-n e~e of the area m~y be ~ue to recent_~ti~ 
to hhe northwest° 

~n~ ~ncli~A fo~ of ~alch th~ Vekol ~u~taln~ are a R~ trends 
n~rth~t~outhe~t~ ar~ ~l~ag~s nor~h~s~&~. (~e Pls~e 3.) T.ke ~z~is 
~f tL~ ~yncl!u~, is locat~l al~ng the Sou'hhera edg~ ~ the m~In Vek~l ~ .  
~.%e s~-aclinal no~e~ i~lustratea by the cuz~in~ t~na '~£' t h e  Cr~t~c~.us? tea 
be~ is c!~rly vlsi'ol~ ~ '  the e~s ~ Co!~r~sity 'Basin. ~T:~ trena 
of the bc~/~ on the ea~t ~zlmb is ~h~n on P~te 3. Their sh~e alo~ th~ 
east ridges in "~ w-icinlty of the pi~ line roa~ at the .Derhhern ad~e ~f 

it is nerth-south. In the ~in r-~nge~ the beds mtr~/~e s~uth~'~ra ~/ 
even ¢:nst~t a!~ the ~xta~m~ u~uthe~n frinZ~. 

i~= n~thern em~. The ~e~s a ~  the, ex~cse~ e~ ~ %be l~dlvent ~re ,~9_p~k~tmly 
horizo~t~l~ an~ o in ~o~e inmt~umem, aip slightly tO the northeast. The b~ds 

the a ~ t  ~_~e to the ~est~. ~ip slightly to the ne~heast. ~u_~e b~,s 



folding m~y ~re~¢nt minor fie.x~res on ~e synelinal fla~k ~ "m~y have ~eve1~N1 
by faulting. 

~ne ~'k~. c~eg fol~in~ o~ the north si~ of ~ ~ee~ no~d.~ ~f "~2 
Ein~D~.~ miue ar~ a~lJacemt ¢'~ th~ Co~ero~i~.~y f~ult is bellevea t~ be th~ 
~z~It of ~A~ along a fault rather th~a to ~ionml fola~Ing. Xts southeast 
t~en~. ~o~!y par~i~_~ the tzend of th~ s!~ faults, ~I it dies ~ut ~i'ahlm 
a fe~,-~ htmdA~d ~ ~ ~ a ~ .  ~ e  ~ ~re.ba~ly c~nt~a a~l braken by .~n~ll faults 
~rlthin th~ ~a~g°f~. ~S~e ~imt 25.) 




