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I	 A 


S EXHIBITS 


A Applications for and refusals of Credit 


B Audited Financial Statement 


C Property Lease 


D Lease Assignment 


E	 - Bull. 37, NMBM, Geology and Mineral Deposits of Lake 


Valley Quadrangle, Grant, Luna, and Sierra Counties, 


New Mexico	 H. L. Jicha, Jr., l954. 


- Mineral Investigation Map	 MF9	 Geologic Map of Lake 


Valley Manganese District 


Fb - Lake Valley, New Mexico Quadrangle Map, U.S.G.S., 15'. 
G Miscellaneous Literature Review Pertinent to Lake 


Valley, New Mexico 


H I.?. Survey Report 


I	 - U.S.G.S. Bull. 1222-D, Jasperoids of the Lake Valley 


Mining District, 1966. 


J	 - Resume	 P. A. Davis, Mine Superintendent 


K	 - Resume	 C. R. Murray, General Manager 


See Exhibits C through K - Folder #2
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UNITED STATES

DEPARTMENT OF THE INTERIOR 


GEOLOGICAL SURVEY 


FEDERAL CENTER, DENVER, COLORADO 80225 


Office of Minerals Exploration 
Building 53	 Room 200


IN REPLY REFER T0 


July 22, 1971 
Memorandum 


To:	 Chief, Office of Minerals Exploration 


From:	 Field Officer, Region III 


Subject: Application 
Hydro Nuclear Corporation 
Lake Valley Property 
Sierra County, New Mexico


OFFICIAL 
COPY 


0. M. E. 
• RE'ETv 


JUL 26 1911 


INITIALSjOODE 


Transmitted herewith an application received in this office fro 


Hydro Nuclear Corporation. The application appears complete. 


Applicant has stated they will.furnish a performance bond in lieu of 


Lien and Subordination Agreements. 


9. 
%'J. William Hasler, 
" Field Officer, Region III 


Office of Minerals Exploration 


Enclosure







GENERAL INSTRUCTIONS	 . 
•	 3cfore	 fil1in	 out	 this	 application	 please	 read	 the	 OM 


Regulations	 Obtaining Federal Assis:a,:ce
should	 be	 used	 to supplement	 narrative descriptions o( the 


for	 in Financing property	 location	 and	 boundaries	 in	 item 2,	 existing	 mine 
Explorations /0' Mineral Reserves (30 CFR Chap. III). 	 To workings and geology in item 3, and the proposed exploration 
assure	 prompt	 action,	 your	 application	 must	 provide	 all .	 work in item 5.	 When this information is not too complex, 
applicable	 material	 and . information	 specified	 on	 the	 back all of it may be shown on one map or sketch.	 All documents 
of this application form.	 Avoid unnecessary correspondence . and other attachments subm&tted as a part of this application, 
and delays by submitting complete and accurate information, except	 those	 in	 item 3(g) which you mark 	 to be returned, 
Please submit two copies of this application arid all CCCOm ' become the property of the Government and will not be re. 
panying paperz. except as otherwise noted. 	 Place your name turned t o the applicant.	 Send true cripies,	 not originals, of 
and address on each sheet.	 Each item of information, maps, leases, contracts, and other documents which are an essen-


•	 and reports required as a part of this application is described tial	 part	 of your	 business	 records.	 File	 this applicatioN 
on the back of this form.	 Identify each attached statement with the 0//ice of Minerals Exploration, Department oj the 
by the item number to which it applies. 	 U an item does not Interior, 
apply to your application, show the item number on your state- )I7XO77?C washington,	 D.	 C.,	 20242,	 or with 


•	 meat and after it write "not applicable." 	 Maps or sketches the nearest OME Field Office. 


CERTIFICATION	 . 


The undersigned, whether as an individual, corporate officer, plete,	 to	 the	 best	 of his	 knowledge	 and belief,' and that' 
partner,	 or	 otherwise,	 both	 in	 hi&	 own behalf and 'acting ' he would not Ord&narI.ly undertake the proposed ezplorataon 
foe	 the	 applicant,	 certifies	 that	 the	 information set forth ' under	 current	 conditLns	 and	 Circumstances	 at	 his	 sole 
in thi	 oem and accompanying papers is Correct and corn. expense.	 .	 .	 ,	 . 


• :
/7) .	 p 


Tiin	 '17,	 1Q71	 ..	 •.. 
DATSO	 •	 .	 .


J-'-ia..CY
DY	 IgNatM 


0 • Geoe 0. Lotspeic , President 
•	 .	 •	 •	 .	 : .	 ,	 TSTLS


Form 40 


I.


IJudet Ijurt'&iu f,.	 ( 8 .prn 


UNVIED STATES
	


Approval oprca DCC. 31, 1.68 


DEPARTMENT OF THE LNTERZ R

GOLOGCAL SURVEY 


APPLICATION FOR FINANCIAL ASSISTANCE IN MINERALS EXPLORATiON 



Pursuant to Public Law 85-701 (72 Stat. 700; 30 U.S.C. 641) 


NAME OF APPLICANT (iull lch'al ,iamc'and mailing addec.s as bcy sbould.

appcar on contracl i/ ,,q .s 


HYDRO NUCLEAR CORPORATION 
Suite 700; 
First National Bank Building, East 
Albuquerque,. New Mexico 87108


APPLICANT 00 NOT USE TI41Z DLOC)< 


DOCKET NUMOER


' g0rt 


DATE RECEIVED 


AEG•ON


•	 I 


.4 


_________________________ — !I
olvisON	 °° 


BUSINESS ORGANIZATION LIST CORPORATE OFFICERS OR•PARTNERS NERE, IF APPLICABLE 
(ChecsOnQ) NAME	 •.	 . '	 ADDRESS	 .	 .	 '': 


G. 0. Lotspeich ,	 609 Sycamore, N.E. President 
•	 "V : Albuquerque, New Mexico 


-j	 . Robert R. Hurst •, ' Chapala, N.E. :9707 Vice Pres.. •	 CORPON 


PARTNERsP	 -1
: 


Albuquerque, New Mexico Treasurer; 
oy4c(Speci/y) M. G. Colberg .• 1457 Washington,	 S. 'E. 


Albuquerque, New Mexico .	 Secretary 


STATE IN WHICH FIRM IS 
oRGANIzEew Mexico


. 
.	 .,


. 
.	 . 


MINERAL(S) FOR WHICH YOU WISH TO EXPLORE PROPERTY	 LOCATION. 
.	 Sn . NAME	 COUNTY .	 STAYS 


E3TIMATEO COsT OF PROJECT Lake Valley	 Sierra New Mexico.. 
s	 50576.24


A wilfully false statement or certifiCation to any. Department or Agency of the United States GoYernment is a criminal offense, U.S. Code, Title 18, Sec. 1001. .	 •	 •	 .	 • •	 .	 .	 .	 •	 • •	 . 
- - - - - --- - - ____ - - -- - ___-------- - -	


- 







	


.	 . 


1. Financial Eligibilitr 


(a) Evidence of credit applications and refusals attached 


•	 , hereto (Exhibits A & B).	 • 


(b) List of names and addresses of affiliated, parent, or con -


trolling companies or organizatiorisl and state extent and 


nature of their interest, 	 NOAL 


(c) State how you propose to furnish your sha'e of the cost 


of the exploration work. 	 CASH, LABOR an EQUIPMENT 


2. ApplIcant's Rights in Land 


(a) Applicant is lessee with option to purchase properties 


in fee. Attached are copies of Lease (Exhibit C) and 


Assignment of Lease (Exhibit D). There are no liens, 


mortgages or other encumbrances known to be attached to 


the land. 


(b) Description of Property and Limits of ExploratIon/Develop 


ment 


NAMEOFCLAIM	 MINERALSURVEY_NO. 


Plata	 717-A 
South Carolina	 658 
Silver Reef	 717-B 
Carolina	 657 
Arizona	 717-C •	 • . North Carolina	 .•	 .	 • . •. 656	 . • 
Little Boy	 717-D 
Emporia	 717-H 
Comstock	 717-E 
Sierra Grande Mill Site 2	 .	 . •.	 . 532-B 
Strieby	 • • •	 • 0 	 • ..	


• • 717-.G 
Last Chance	 717-F 


• ......Columbia	 .	 '.	 . . •	 •	 893 
Apache •	 .	 • •	 ••	 :	 •	 892 
Annie P.	 532-A (Except that portion 


.	 conveyed by deed May 7, 
1891, by Silver Mining 
Co. of Lake Valley to 
Parker & Guest) 


Compromise	 1810







All located in Sections 20, 21, 28, 29, T. 18 S., R. 7 W., 


NMPM.


72	 NEW MEXICO BUREAU 0? MINES AND iHNERAL RESOURCES 


.







.	 S 


5	 2. (C) Lien and Subordination Agreements- Attorney for lessors 
recommended lessors not sign lien and subordination agreement. 


Verifying letter attached to application. (Exhibit 1) 


3. Physical Description 


(a1 ) Property Descriptions, Past Activity' 


Prior to applicants acquiring the property, mining 


activities had been carried out intermittently between 


1878 and 1959. Until approximately 1931, the principal 


ore was silver occurring as cerargyrite	 After 1931, 


the principal ore mined was manganese which was sold 


under government contract	 In 1959, all mining ceased 


• in the district as the government had ceased to purchase 


the low grade manganese ore. A map of the area showing 


topography, abandoned mine locations and many of the old 


workings is attached hereto as Exhibit F. 


More detailed descriptions of past mining and explora-. 


tion on the properties will be found in the literature 


attached hereto as Exhibit E and G. 


(a2 ) Current Activity 


In June and July, 1970, applicant caused to have corn-


pleted an I.?. survey of the Lake Valley Mining District 


(report attached hereto as Exhibit H.). Results of that 


survey, although not indicative of any massive sulphide 


deposition, did Indicate the volcanic-limestone contacts 


known favorable for the deposition of silver chloride in 


the area.







. 


In November, 1970 applicant commenced exploration in 


the district by continuing an existing decline to inter-


cept the Lake Valley Fault. In mid-May, 1971, the decline 


had been completed to the fault intercept.(Exhibit 2) Applicant 


plans to drift along the fault contact in an attempt to 


delineate commercial grades of silver mineralization. 


Literature. (Exhibit G) and field evaluation between 


November, 1969 and July, 1970, indicated further explora-


tion of the districtto be;warranted, particularly in the 


southwestern portion of the property where former workings 


showed the favorable silver depositional areas, eg. in and 


near the folded and dragged zones produced by faulting, 


had not been worked. 


O
(b) Applicant's interest in exploration and development is 


given in 3-a2 


Cc) All known production from the properties is given In Ex-


hibit E hereto, pages 71 to 73. 


(d) No ore reserves are known. 


(e) Geologic features and ore minerals of the property are 


discussed in detail In Exhibit E (geology map appended 


pp b8-7) and Exhibit I, pp D3 and D4. Past silver pro-


duction from the property was from the Lake Valley Lime-


stone and structurally controlled b y folded and dragged 


zones. See Exhibits E and I for detailed information.







.	 . 


•	 (f) Literature arid field examinations indicate the replacement 


ore bodies occurring in the Lake Valle Limestone are con-


trolled primarily by the folding and dragging associated 


with regional faulting. Richness of ore deposition de-


creased from the southwest near the Lake Valley Fault to 


the northeast along parallel faults. A significant area 


in the southwest portion of the property apparently has 


not been explored in or near the favorable fault zones 


even though a decline exists in that area. Applicant 


has continued the decline to the favorable contact and 


proposes to drift along that contact. 


(g) Available technological information is attached hereto as 


•	 Exhibit E through I. Return of these Exhibits is not re-


quired. 


4. (a) Property is easily accessible, being immediately off paved 


New Mexico Highway 28, and lying approximately 18 miles 


South of Hillsboro, New Mexico. Other than the current 


operations of applicant, mine workings are generally un-


accessible with reasonable risk. Examining OME representa-


tive would be assisted by one or more of the following 


representatives of applicant 


George 0. Lotspeich - Suite 700 
•	 ••	 •	 •	 • First National Bank Building,East	 • 


Albuquerque, New Mexico 87108 


• • •	 Phillip A. Davis	 - 909 South Pearl •	 •	 • 
Deming, New Mexico 88030 


Charles R. Murray - Suite 700 
First National Bank Building East 
Albuquerque, New Mexico 8710







.	 . 


•	 (b) Nearest major shipping and supply point is Deming, New 


Mexico, which is located approximately L5 miles southeast 


of the property. A railroad facility is available at 


Nutt, New Mexico, approximately 15 miles east of the 


property. 


5. (a) Applicant has completed a decline to the Lake Valley Fault 
zone (see item 3-f). Drifting is contemplated along this 


contact together with long hole core drilling for addi-


tional exploration and control. This area of proposed work 


is shown on LaXhibit 2. 


Proposed work is as follows 


Type	 Footage	 Size Opening 


Drift	 500'	 6' X V 


Longhole and Core	 5000'	 2-3/a" and AX 


(b) Access roads existing on the property are adequate. 


(c) Applicant initiated exploration on this property in Novem.-. 


•........• ber, 1969 (Section 3-a 2 ) and expects to continue its ex- • 


ploration as outlined in Section 5.a as funds become avail-


able. In the event an OME contract is executed, completion 


of exploration would be anticipated in six months, approxi-


mately 100 feet of drifting aridl000 feet of long holing 


to be completed per month. 


.







. S 


S (d) Equipment and Tools (furnished by Applicant or rented) 


Estimated Rental! 
Specs Tyoe& Quantity Condition	 Market Month 


Hoist	 (1) Good $ 3,800 $ 300.00 


Headframe, Timber (1)	 Good - 0 - 0 - 


Skip	 (1) Good 50.00 


Slusher	 (1) Good 1,800 200.00 


Pump	 (2) 


Compressor (1) Good Rental 183.0L 


Truck	 (1) Good 900 100.00 


Jacklegs (2) Good 2,100 200.00 


1033.0W 


(e) Initial rehabitation and repairs completed 


(f) None 


(g) Miscellaneous 


Maintenance


Estimated general 
Equipment Maintenance/Month 


Hoist	 (1) $	 50.00 


Headframe	 (1) 30.00 


Skip	 (1) None 


Slusher	 (1) 10.00 


Pump	 (2) 140.00 


Jacklegs	 (2) 25.00 


Compressor	 (1) Included in rental 


Truck	 (1) 50.00







. S 


• 6.	 Applicant is a small business, incorporated In the State of 


New Mexico.	 Resumes of the Superintendent (Phillip A. Davis) 


• and General Manager (Charles R. Murray) are attached hereto as' 	 ' •. 


Exhibit J. and K.	 Miners are locally available. 


7.	 Estimate of Costs' 


(a)	 None 


(b)	 Personnel services,


Approximate 
Employee Salary/Mo-Wages Total/Mo. 


Supervisor (1) $1200. $1200. 


Geol-Eng.	 (1) 1000. 1000. -
$2200. 


(c)	 Operating Materials and Supplies (1) 


•	
''	 ,, • Estimated Cost'	 Estimated ' 


Per 6' X 7' Drift Cost 1'long- 'Total	 Total/Month 
Type Foot (3T)	 hole coring Per Day	 (22 Days) 


Fuel & Power $	 1.25	 $	 0.10 $	 7.50 $ 165.00 


Powder & Caps 2.53	 .00 15.15	 333.30 


Labor (Hoist- 12.88	 0.97 77.27	 1700.00 
man & 2 Miners) 


Steel, Bits 1 63	 2.15 9.75	 21.5O 


Misc. Supplies 0 63	 0 05 3.75	 82 50 
$	 18.92	 $	 3.27 $113,142	 $2'495.2'4 


(1) • Material costs are based on lineal foot of 6' X 7' drift, each 


•	 :, foot containing approximately 3-1/2 tons of material, 6 feet per	 ' 


heading average of drift being completed daily. Presentation of	 • 


the required data in this form is based upon actual working con-


ditions in the area averaged for the variable rock types encountered. 


Coring rates of approximately 80 ft. per day are expected.







. . 


Analytical 250.00 


S Accounting 50.00 


Payroll Tax (est.) 255.00 


Workmen's Compensation 250.00 


Liability (est.) 200.00 


$ 1,210.00 


(h)	 Estimate of Costs - Summary 


7 (b)	 Personnel Service $2200.00/mo - 6 mos. $13,200.00 


7 (c)	 Operating Supplies 
1. Drifting .	 $	 l8.92/ft.. l400ft. $ 7,568.00 
2.:LongholeCoriñg : $	 .	 3.27/ft.5000 ft. $16,350.00 


7 (d)	 Equipment $l033.0L/mo.- 6 mos. $	 6,198.2L1 


7 (g)	 Miscellaneous $1210.00/mo... 6 mos. $ 73260.00 


Total Cost $50,576 .214 


.
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AHLIHL'tI	 RODEY D1CKASON, SLOAN, AKIN & ROBB 


WILLIAM A. SLOAN 
JACKSON 0. AKIN	


COUNSELLORS AND ATTORNEYS AT LAW 
JOHN 0. R000 
CHAflLCS fl.LARRA	


FIRST NATIONAL BANI( BUILDING-WEST 


JAMES C RITCHIt	 :	 WEST CENTRAL AVCNUC AT THIRD	 POST OFFICE BOX 1860 


C. CIIAAO	 ALBVQUERQUE,NEW MEXICO 87103 	 TLLCPHONC243I3OI 


RAY H. RODEY	
AcA Coot 501 


ROOERT D,TAICHERT 
ROD E RT H. ST. JOHN 
JOSEPH J. M,ULLINS 
DUANE C.OILKEY	 S 	


July 2, 1971 
ARK K. ADAMS 


R0DCRTO.McconKLc 
PCTERO.PRINA 
BRUCE 0. HALL 
JOHN P. SALAZAR 
WILLIAM S.DIXON 


• JOHN P.BURTON 
.ANNIN0 8IOLtR	 .• 


Hydro Nuclear Corporation 
Suite700	 .	 '. 


• ..	 First National Bank Building East 	 .• 
Albuquerque, New Mexico 87108 


Attention George 0. LotspeiCh, President 


Gentlemen 


We are the attorneys for Mrs. Katharine Dixon Agar . and the• 
other joint owners of the Lake Valley,.NeW Mexico, property 
leased to you. 


I have received a copy of your request, dated June 24, 1971, 
and addressed to Mrs. Agar, that the joint owners execute 


• . lien and subordination agreements in favor of the Government. 
onMMEForIfl52. 


Mrs. Agar called yesterday and said that she would neither 
agree nor advise the other joint owners to agree to your 
request unless we advised her to do so 


Since then, I have reviewed the lease, your. request, a copy 
of your Application for Financial Assistance, without the 
Exhibits thereto. .1 have also talked by telephone with 


•	 ••	 your Mr. Robert Hurst. At this time, and based upon the 


V	 ;'	
information furnished me,.I cannot recommend thatmy clients 


.5 ... .	
execute 


NME Form 52, and thereby waive or subordinate their 
claims under the lease and applicable laws to the Government. 


The Government will accept a payment bond in lieu of the 
joint owners' lien and subordination agreements. 39 CFR 


• . §229.11(f) (1). We have not been advised that obtaining SUCh 


a bond is either impossible or burdensome In review of 
these facts, you .have not advised us that failure to ob-
tam the lien and subordination agreements would result 
in any real. prejudice either to you or to the joint owners. 


As you know and based : upOfl past experience,.it would pro-
bably require several months to communicate your request to 


. . .	
the other owners, explain it to them, and secure their de-


cision.


Exhibit 1 (Page One)







In view of the fact that this property has been in their 
• •. ,.• .	 family for years, I would expect that the other owners 


would be reluctant to impress a lien on. it. . In other words, 
I think that it is in your own best interest to post the 
bond in lieu of the lien and subordination agreement. 	 .. . 
If you do care to con umic•e with them, however, please 


• • let me. know, and I will .furn :	 you with their current ad-
dresses. 


I trust that this letter satisfactorily reflects your posi- 	 •, 
tion and that of the owners.	 If you have any corrections or 
additions, we will rely on your promptly.communicating the 
same to me in writing. 


Sincerely yours, 


RODEY, DICKASON, SLOAN, AKIN & ROBB 


BY	 / 
John P. Burton 


JPB/cjb


ExhibIt 1 (Page Two)
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ExhIbit 2 


Index Map Showing Shaft Location, 
Incline and Silver Target Areas 
Taken From Field Studies 


Map MF 9 (Exhibit F)
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ALBUQUERQUE NATIONAL BANK 


ALBUQUERQUE,NEW MEXICO 
THOMAS 0. TAYLOR. ASSISTANT VIOl PSUIDIN? 


EU? ChasM. OrIol 
• 	 June 15, 1971 


Hydro-Nuclear Corporation 
Suite 700 
First National Bank Building, East 
Albuquerque, New Mexico 


Attention: Mr. Robert Hurst, Vice President 


Gentlemen: 


I regret to inform you that your request for a loan In 
the amount of 4l,43l.80 was not approved. 


This loan was requested by you on June 14, 1971 for	 • 
the purpose of financing the development of the Lake 
Valley Project.


LL49" 
Thomas D. Taylo 
Assistant Vice President 


TDT/mm


P. 0. BOX 8547 ALBUQUERQUE, NEW MEXICO 87108 TELEPHONE 505/765-2211







Telephone (505) 842-2000


. 
The First National Bank in Albuquerque 


June 15, 1971	 East Central Branch 


Hydro-Nucleár Corporation 
Suite 700 
First National Bank Building East 
Albuquerque, New Mexico 


Attention: Mr. Robert Hurst, Vice President 


Gentlemen: 


I regret to inform you that at this time we will be unable 
to comply with your request for a loan in the amount of 
$ L4l, L131.80, which you requested on June 11, 1971. 


I understand that the proposed loan was to be used for the 
financing of a development of the Lake Valley Project. 


If I can be of service to you in the future on other ventures, 
please do not hesitate to call upon me. 


Sincerely, 


T. R. Pendergra 
Vice President 







.0O 


Hydro Nuclear CorPoratio>/i1. 


June 11, 1971 


Mr. Thomas D. . Taylor, Assistant Vice President 
Albuquerque National Bank 
Post Office Box 81457 
Albuquerque, New Mexico 87108. 


Dear Mr. Taylor: 


Hydro Nuclear Corporation, a New Mexico Corporation, with. 
main offices in Suite 700, First National Bank Building, 
East, Albuquerque, NewMexico 87108, has recently acquired 
sixteen patented mining claims, approximately 320 acres, 
located in Sections 20, 21, 28, 29., Township 18 South, Range 
7 West, N.M.P.M., Sierra County, New Mexico. Since November 
of 1970, Hydro Nuclear Corporation has been conducting an 
exploration program for silver which recently has taken the 
form of completing a shaft to the 400 foot level and commenc-


.	
ing drifting towards favorable geological targets. At this 
time, the Company contemplates drifting approximately 1500 


•	 feet in addition to completion of a drilling program, with 
an aggregate distance of approximately 10,000 feet. The 
Company feels that'the total cost of this project will be 
$141, 1431.80. That cost represents a.direct cost to the cor-
poration to complete this project as most of the capital ex-
penditure for property acquisition and equipment has already 


•	 been taken care of. 


We would propose that your bank lend the Corporation $141,1431.80 
which would be used to complete the exploration program as 
above outlined. We would be able to accept the loan on a years' 
term at an interest comparable that being charged other corpora-
tions, with similar assets. The Corporation could also secure 
this loan with mining equipment. 


In order to help you better evaluate this request, we are en-
closing copies of our lease on the property, the assignment of 
that.lease to Hydro Nuclear Corporation, literature review of. 
the property abstracted from published material of the New Mexico 


•	 Bureau of Mines and the United States Geological Survey, a map 
of the area showing the location of the exploration program and 
the properties under lease. We are also enclosing a copy of our 
last audited financial statement, fIscal year ending December 31, 


• 1970. Should it be convenient I would like to meet with you in 


Suite 1400G, First National Bank East • Albuquerque, New Mexico 87108 • (sos) 268-3331







.• 


Mr. Thomas D.• Taylor 
June. 11, 1971 


•	 Page2 


the next two or three days to further discuss this application. • 


We would appreciate your giving your immediate attention to 
this matter.	 • 	 S 	 S 


• 	


S 	 Sincerely,


H 
• 	 S 5


	 Robert R. Hurst, Vice President 	 • • 


• 	 S 	


• RRH/gc 
end.
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	 Hydro Nuclear CorPorntioy 


June 9, 1971 


Mr. Thomas R. Pendergraft, Vice President



	


•	 First National Bank in Albuquerque 
East Central Branch 
Post Office Box 8287 
Albuquerque, New Mexico 87108 


Dear Mr. Pendergraft: 


Flydro Nuclear Corporation, • a New Mexico Corporation with 
main offices in Suite 700, First National Bank Building, 
East, Albuquerque, New Mexico 87108, has recently acquired 
'sixteen patented mining claims, approximately 320 acres, 
located in Sections 20, 21, 28, 29, Township 18 South, Range 
7 West, N.M.P.M., Sierra County, New Mexico. Since November 


•	 of 1970, Hydro Nuclear Corporation has been conducting an 
•	 '	 exploration program for silver which recently has taken the 


•	
form of completing a shaft to the I00 foot level and commenc-
ing drifting towards favorable geological targets. At this 
time, the Company contemplates drifting approximately 1500 
feet in addition to completion of a drilling program, with 
an aggregate distance of approximately 10,000 feet. The 


•	 Company feels that the total cost of this project will be 
$ 14l, L 31.80. That cost represents a direct cost to the cor-


•	 poration to complete this project as most of the capital ex-•	
penditure for property acquisition and equipment has already 


	


;	 been taken care of. 


• We would propose that your bank lend the Corporation $t1,1431.80. 
which would be used to cOmplete the exploration program as 
above outlined. We would be able to accept the loan on a years' 
term at an interest comparable that being charged other corpora-
tions, with similar assets. The Corporation could also secure 
this loan with mining equipment. 


• .	 In order to help you better evaluate this request, we are en-
closing copies of our lease on the property, the assignment of 
that lease to Hydro Nuclear Corporation, literature review of 
the property abstracted from published material of the New Mexico 


•	 Bureau of Mines and.the United States Geological Survey, a map 
of the area showing the location of the exploration program and 


•	 •	 • the properties under lease. We are also enclosing a copy of our 
last audited financial statement, fiscal year ending December 31, 
1970. Should it be convenient I would like to meet with you in 


Suite 1400 G, First National Bank East • Albuquerque, New Mexico 87108 • (505) 268-3331
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Mr.. Thomas Pendergraft 
June 9, 1971 
Page 2 


the next two or three days to further discuss this application. 


We would appreciate your giving your immediate attention to 
this matter.	 .	 .	 . 


•	 .	 •	 :	 • Sincerely, 


•	 .	 •	 • •	 Robert R Hurst, Vice President 


RRH/gc	 •	 .	 •. fl .	 •	 . 
end.	 • •	 .	 .	 •	 .
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PEAT, MARWICK, MITCHELL & Co. 
CERTIFIED PUBLIC ACCOUNTANTS 


ACCOUNTANTS' REPORT 


•	 . The Board of Directors 
•	 • . .	 Hydro Nuclear Corporation: 


We have examined, the financial statements and related schedules of 
• Hydro Nuclear Corporation listed in the accompanying index. Our examination was 


made in accordance with generally accepted auditing standards, and accordingly 
included such tests of the accounting records' and such other auditing procedures 
as we considered necessary in the circumstances. 


In our opinion, subject to the ultimate ability of the Company to 
•	 recover its investment in undeveloped mineral properties of $158,551.80 (note 2), 
• preoperating,milling costs of $187,610.29 and milling facilities of $171,798.46 


(note 3) and deferred organizational, promotional and administrative costs of 
$108,899.77 (note 4), the balance sheet presents fairly the financial position 
of Hydro Nuclear Corporation at December 31, 1969 and December 31, 1970, in 
conformity with generally accepted accounting principles applied on a consistent 
basis. Also, in our opinion, the statement of cash receipts and disbursements 
presents fairly the cash transactions of Hydro Nuclear Corporation for the period 
from May 15, 1969 to December 31, 1969 and the year ended December 31, 1970 and 
the supporting schedules present fairly the information set forth therein. 


/ i77d /7ZiA./i 
Albuquerque, New Mexico 	 .	 • ' 


	


January 18,. '1971 	 , ' 


•	 '	 '	 •	 :' 


	


•	 '	 ,	 '	 •	 •	 ' 
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I







.'	 . 


}IYDRO NUCLEAR_CORPORATION 



Balance Sheet



December 31, 1969 and December 31, 1970 


Assets 


Current assets: 
•Cash 
U. S. Treasury bills, at cost (market $124,473.32) 
Accounts receivable, trade 
Prepaid expenses 


•	 Total current assets 


Property and equipmnt, at cost (notes 1, 3 and 5) 
(Schedule V): 
Milling facilities, $7,982.50 pledged 
Gas gathering system 
Field and office equipment 


Less accumulated depreciation (Schedule VI) 


*	
Net property and equipment 


Undeveloped mineral properties - acquisition and 
exploration costs, at cost (notes 1, 2 and 5) 
(Schedule I) •.	 • 


Patent application, at cost (notes 1 and 5) 


Cash surrender value of life insurance 


Preoperating milling costs (note 3) 


•	 Deferred organizational, promotional and 
•	 administrative costs (note 4) 


Liabilities and Stockholders' Equity 


Current liabilities (note 9): 
Contract payable, secured 
Accounts payable, trade 
Due to officer 
Accrued payroll taxes 


Total current liabilities 


Stockholders' equity (notes 5, 6, 8 and 9): 
Preferred stock of $0.10 par value per share. 


•	 Authorized 5,000,000 shares; none issued 
Common stock of $0.10 par value per share. 
Authorized 5,000,000 shares; issued 391,500 
shares in 1969 and 688,600 shares in 1970 


Additional paid-in capital 
Retained earnings (deficit) 


Total stockholders' equity 


Coninitments (notes 2 and 5).


1969	 1970 


$	 31,340.50 3,519.08 
124,330.73 - 


1,385.38 4,066.90 
1,870.00 •	 2,471.00 


158,926.61 •	 10,056.98


-	 171,798.46 
-	 72,500.00 


	


9,530.28	 10,988.43 


	


9,530.28	 255,286.89 


	


357.64	 19,228.80 


	


9,172.64	 236,058.09 


	


33,123.47	 158,551.80 


	


1,841.00	 • 1,841.00 


-	 875.49 


-	 187,610.29 


	


36,971.02	 108,899.77 


$ 240,034.74. 703,893.42 


$ •	 - .	 5,732.50 


	


2,091.02	 14,118.48 
- •	 5,845.49 
-	 1,435.69 


	


2,091.02	 27,132.16	 • 


	


39,150.00	 68,860.00 


	


198,793.72	 633,661.20 
-	 (25,759.94) 


	


237,943.72	 676,761.26 


$ 240,034.74 103893.42 


See accompanying .nQtes to financial statements. 


•	 ••.•.;	 ••	 :	 •	 • 
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HYDRO NUCLEAR_CORPORATION



Balance Sheet



December 31, 1969 and December 31,1970 


Assets	 1969
	


1970 


Current assets: 
Cash 
U. S. Treasury bills, at cost (market $124,473.32) 
Accounts receivable, trade 
Prepaid expenses 


Total current assets 	 ' - 


Property and equipment, at cost '(notes 1, 3 and 5) 
(Schedule V): 
Milling facilities, $7,982.50 pledged 
Cas gathering system 
Field and office equipment 


Less accumulated depreciation (Schedule VI) 
Net property and 'equipment 


Undeveloped mineral properties - acquisition and : 
exploration costs, at cost (notes 1, 2 and'5):H 
(Schedule I) 


Patent application, at cost (notes 1 and 5) 


Cash surrender value of life insurance". 


Preoperating milling costs (note 3) 


Deferred organizational, promotional and 
administrative costs (note 4) 


Liabilities and Stockholders Equity 


Current liabilities (note 9): 
•	


' Contract payable, secured 	 . 
Accounts payable, trade	 '

Due to officer 
Accrued payroll taxes 


• 	 . S '	 Total current liabilities 


Stockholders' equity (notes 5, 6, 8 and 9): 
Preferred stock of $0.10 par value per share. 
Authorized 5,000,000 shares; none issued 


•	 Conimon stock of $0.10 par value per share. 
Authorized 5,000,000 shares; isàued 391,500 
shares in 1969 and 688,600 shares in 1970 


Additional paid-in capital	 . 
Retained earnings (deficit) 


I-


	


	


Total stockholders' equity' 


Conmitments (notes 2 and 5). 	 .


$	 31,340.50 3,519.08 
124,330.73 - 


1,385.38 4,066.90 
1,870.00 2,471.00 


158,926.61 10,056.98


-	 171,798.46 
-	 72,500.00 


	


- 9,530.28	 10,988.43 


	


9,530.28	 255,286.89 


	


357.64	 .19,228.80 


	


9,172.64	 236,058.09 


	


33,123.47	 l58,551.80 


	


1,841.00	 • 1,841.00 


-	 '	 875.49 


-	 187,610.29 


	


36,971.02	 108,899.77 


	


$240,034.74	 703,8934Z 


$	 -	 , 5,732.50 
2,091.02	 14,118.48 


-	 5,845.49 
-	 1,435.69 


2,091.02 ' 27,132.16 


	


39,150.00	 68,860.00 


	


198,793.72	 633,661.20 
-	 (25,759.94) 


237,943.72 , 676,761.26 


$ 240,034.74	 l03893.42 


See accompanying notes to financial statements.
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HYDRO NUCLEAR CORPORATION 


.	
Statement of Cash Receipts and Disbursements 	 . 


.	 . .	 May 15, 1969 (Date of Incorporation) to December31, .... 1969 .. 


. .	 ..	 .	 .	 .	 and Year ended December 31,	 1970'	 . . .	 ;: 


.	 :	 ;,	 ' : 1969 •,	 1970 , 


Receipts 
Sale of 315,000 shares of conunon stock in l969	 L ' 


and 248,083 shares in 1970	 '	 '	 ''	 $ 272,500.00 386,246.40 


.Sale of U.	 S.	 Treasury bills	 .	 . :	 - 124,330.73 
Pipeline income, net of $4,066.90, in accounts 


•	 receivable	 ,	 .	 .	 .• .	 - 8,489.10 
Interest income	 .	 .	 . 3,839.70 1,960.99 . 
Sale of purchased uranium ore 	 .	 . - 2,612.94 
'Miscellaneous income	 .	 .	 .	 ''	 '


.
- 3,193.27. 


Accounts receivable at December 31,. 1969, less' 
bad debts of $694.98	 "	 ' - 690.40 


Total receipts 276,339 70 527,523 83 


. • Disbur sements : 
y'.Purchase of property and equipment (Schedule V) 9,530.28 200,256.61 


Preoperating milling costs 	 (note 3)	 .	 . '	 •, - 178,101.84 
Acquisition and exploration costs of undeve1oped... 


mineral properties	 (Schedule V)	 .	 .	 ,	 •..,	 . 33,123.47 118,357.19 
Deferred organizational, promotional and	 .	 .,.. 


administrative costs (note 4) 41,838.46 79,581.32 
• •	 Purchase of uranium ore 	 ;:1,;. - '	 2,612.94 


Cash surrender value of life insurance	 •'i:	 • - 875.49 
Prepaid expenses	 -	 .. 1,870.00 601.00 
Investment in U.	 S.	 Treasury biliS, ('T	 .124,330.73 - 
Cost	 of	 conunon	 stock. issuances .•:' .	 r'	 ,	 ,.;', 34,556.28 . - 
Patent application' 	 .	 . 1,841.00 - 


247,090.22 580,386.39 
Less increase in liabilities 	 "	 ., 2,091.02 25,041.14 


Total disbursements 	 '	 .	 .	 . . ' 244,999.20 555,345.25 


Increase (decrease) in cash during period	 .'• 31,340.50 (27,821.42) 


Cash at beginning of period - 31,340 50 


Cash at end of period	 $ 31,340 50 3,519 08


: See accompanying notes to financial statements. 


•'	 .'.	 •., 


•	 ,	 Y '' 


F	 ' 	 ' ''it 
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HYDRO NUCLEAR_CORPORATION 


Notes to Financial Statements 


December 31, 1969 and December 31, 1970 


) Depreciation, Depletion and Amortization Policies 
The Company's property and equipment is depreciated on the straight-line method 
. using estimated lives of 2 to 11 years on field and office equipment, 6 to 11 


years on milling facilities and 6 years on the gas gathering system. 


It is the Company's policy to charge to undeveloped mineral properties acquisition 
costs as well as all subsequent direct costs incurred in exploring such 


•	 properties. No amortization or depletion of undeveloped mineral properties or 
the patent application are presently being provided. Mineral properties will 
be depleted, unless previously abandoned, upon obtaining production. 


Maintenance and repairs areprçsently charged to deferred organizational, 
•	


•	 promotional and administrative costs or preoperating milling costs; such costs 
will be amortized, upon commencement of operations. Renewals and significant 


betterments are charged to property accounts. 


Upon sale or retirement of property, the cost of assets sold or retired and the. 
related accumulated depreciation are eliminated from the appropriate accounts 
and the resultant gain or loss is reflected in earnings or in deferred • 


• organizational, promotional and administrative costs, depending upon whether 
or not the Company has reached the operational stage at the time of such 


transactions.	 .	 • 


(2) Undeveloped Mineral Properties	 •	 . 
The Company has a five-year mineral lease on sixteen patented lode mining claims 
which provides for monthly advance royalty payments of $100.00 the first year 
increasing by $100.00 per month for each additional year leased; a five-year 


•	
mineral lease on nine unpatented mining claims which provides for monthly 


. . payments of $214.68 until a total of $5,152.32 has been paid; a five-year 
mineral lease on seven unpatented lode mining claims which provides for 


.	 aflnual payments of $300.00; and a two-year mineral lease on three unpatented 


. .	 • lode mining claims which provides for annual payments of $250.00. These • 
• •	 amounts are in addition to necessary annual assessment work by the Company 


to perpetuate the claims and royalties based on production if attained. 


Exploration and evaluation of the Company's undeveloped mineral (including oil 
and gas) properties has not been completed and no representations are made 
with respect to the mineral reserve potential of any of said properties. 


• (3) Preoperating Milling Costs 
During 1970 the Company acquired a flotation mill which is being adjusted and 


• •	 altered for the custom milling of antimony ore. The following costs incurred 
•	 during 1970 are being deferred until themill.is deemed to be operational, 


at which time a policy of amortizationwill be adopted: 


•	 •	 • Officers' salaries 	 ••	 . •	 .. •. $ • 8,000.00 


•	 Administrative and other salaries	 . •	 17,992.75 
•	 •	 Ore purchases	 >; ••••'	 ••	 53,393.49 


• •
	 Travel and field expense	 . •	 .	 • • 26,491.19 


Outside labor	 •.	 19,063.73 
•	 Materials and supplies	 .	 ••	 .• • •••'	 15,895.52 • 


•	 Rent	 .	 .•	 • • •	 •	 •	 .	
0	 8,569.81 


•	 Tools and equipment	 • 7,074.03 
• 	


0	 Automotive expense	 .	 ..	 0	 6,428.05 
•	 Geochemical	 • 	 0	 • 	 0	 • 	 .'	 . 	 5,871.39 
•	 Telephone and utilities 	 • 	 0	 4,670.91 


Insurance	 •	 .	 • .	 1,333.41 
Consultants	 .	 .	 0 •	


• 	 1,219.83 
Licenses and fees .	 0	 •	 •	 1,078.25 


•	 Legal expense •	 •	 .	 .	 738.50 


Miscellaneous expense • 	 • 	


. 0 •	 • •
	 280.98 


• :	 •	 Total cash expenditures	 • •	 .	 .	 1.78,101.84 
Depreciation expense	


0	 •	 • 12,489.00 
•	 190,590.84 


•	 Less miscellaneous income 	
0	 2,980.55 


0 •	


0	 • 	 . 	 • 	
$ 


l87610.29 


00•04.•	 •;	 •H	 •.	 0 


• •	


•
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HYDRO NUCLEAR CORPORATION 


Notes to Financial_Statements, Continued 


Recovery of cost of milling facilities ($171,798.46) and the preoperating milling 
•	 costs is dependent upon the achievement of successful and profitable milling 


operations. 


.t4)	 Deferred Organizational, Promotional and Administrative Costs 
• •	 The Company was incorporated on May 15, 1969 and since that date has been 


•	 primarily in the organizational and promotional stage. All organizational, 
•	 promotional and administrative costs are being deferred until such time as 


the Company is deemed to have commenced operations, at which time a policy 
ofamortization will be adopted. 	 Following is a summary of such costs: 


1969 1970 


Officers'	 Salaries	 •	 $ 15,300.00 17,200.00 
•	 Administrative and other salaries 1,500.00 • 19,042.35	


5 


• •


	 Legal and accounting 4,373.66	 •, 13,270.99 
Payroll taxes •	 1,088.10 5,481.80 
Telephone and utilities 1,591.89 4,494.38 
Consultants	 '':' - 4,102.26 
Office rent	 • 1,513.18 2,774.42 
Insurance, including officers' life —	 :. 2,629.12 
Educational material and seminars .	 - 2,496.06 
Travel and field expense 10,477.00	 • 2,342.28 
Automotive expense	 • - 1,942.99 


1. •	 Other taxes,	 licenses and fees •	 557.80 1,719.74 
•	 Advertising	 S


- 1,260.08 
Office expense and printing	 ,jj 3,168.65	 : 453.88 


;	 Materials and supplies	 ';,j:, 1,519.24	 • 84.89 
•	 •.	 Miscellaneous expense	


•	
7? 748.94, 286.08 


•	 .5	
•	 Total cash expenditures 	 S • 41,838.46 79,581.32 


•55


.5..


Noncash expenses: •'.., 


• Depreciation expense	 . 357.64 •• 6,382.16 
Bad debt expense	 • •	 — 694.98 


•	 •	 •	 ..	 •	 42,196.10 •.	 86,658.46 
•	 ' 4 	 '''i S 5. 


Less	 income:	 •,.•. 
Pipeline	 income	 : •	 •', •.	 - ..	 12,556.00 
Interest income	 S • 3,839.70 •	 1,960.99 
Consulting fee income	 • .	 •	 .	 1,385.38 — 


Miscellaneous income 	 :'.' — •212.72 
5,225.08 _l4,729.71 


•	 36,971.02 71,928.75 
Balance at beginning of period — 36,971.02	 ••	 • 


• Balance at end of.period $ 36.971.02 •	 108g899.77 


Recovery.of the deferred organizational, promotional and administrative costs:: 
is dependent upon future;successful perations of the Company...:..	 •• 


•	 .	 5. 


5	
• 	


....


.


••	 .	
5. 


• 	 5	


5	 ••••	 S	
• 	 •


:.	
':	 • 	 • 	 • 	 • • 	 S 


5	
'5	


5	
*4..	 ,•	 •	


.
5. F'	 •	 ' S	 • 	 • 	 • 	


5	
5 


• 	 . 	 .5	
5.	 • 	


• ':	 •:	 •.	 • 	 . 	 ... .5. 


S,..	
S'	 *SS.	


• '
•,	 L ' s.	 ' ' S 


• 	


'
' 	 ' 	


. 	 ••'	
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HYDRO NUCLEAR CORPORATION 


Notes to Financial_Statements, Continued 


j5) Stock Issuances 
:Common stock of the Company has been issued as follows:


Account 
credited •	


Additional 


	


Common	 paid-in 
1969	 Shares	 stock	 •. capital 


•	 Issued for cash 315,000 $ 31,500.00 
Issued for lease option (a)	 •, •	 66,000 6,600.00 


4 Issued for patent rights (b)	 • 10,000 1,000.00 


241,000.00 
(6,600.00) 
(1,000.00) 


Issued for services in connection 
with issuance of stock
	


500	 50.00	 450.00 


	


391,500	 39,150.00	 233,850.00 
Less expenses of stock 
• issuance	 • •	 •	 -	 •• '•	 -	 (35,056.28) 


2
	


Balance December 31,. 
1969	 :	 391,500	 39,150.00	 198,793.72 


1970 


• Issued for cash	 • 248,083 24,808.30 361,438.10 
Issued for interest in oil and gas •	 • • 


leases (c)	 •	 •	 • 14,017 1,401.70 31,429.38 
Issued for gas gathering system (d) 35,000 3,500.00 •	 42,000.00 


• 297,100 71O.00 434,867.48 


Balance December 31, 
•	


•	
• 1970 688,600 $	 4860.00 633,661.20


•	 (a). On May 16, 1969 the Company issued 66,000 shares of its common stock 
S •	 •	 • : •	 to George 0. Lotspeich, Robert R. Hurst and J. Douglas Henry for	 • •	 . 	 •;'	 an assignment of an option agreement to acquire certain mineral	 • 


, • •	 leases. In recording this transaction, no value was assigned to 
: •	 •	 • • . the option since the predecessors had.no identifiable cost basis. 
:	 (b) In consideration for the exclusive use and license to build a leaching 
• •	 •	 ,• •	


• system and ion exchange recovery plant, the Company issued 5,000 
• •	 •qi••• ••.•	 shares of its common stock to Robert R. Hurst and 5,000 shares to	 •
;••• ••' • a John H. Kane, the co-inventors of the system, and also paid the 


•	 •r ." • . cost of making the patent application. In ecording this transaction, 
•	 • •• • 	 •	 no value was assigned to the patent application since the predecessors •	 •• • •• • 	


• • had no identifiable cost basis. The assignment provides that until 


•	


4• . •. •• • 


Nay 16, 1979, no royalties or other payments are required under the 


	


.


: • •


	


	 •	 :	 license. Thereafter, the Company is obligated to pay a royalty of 


••	 2-l/27 of the net proceeds realized by the Company through use of 


• •	 . ••	 the rights granted under the license. 
(c) On August 28, 1970 the Company issued 14,017 shares of its common stock 


• • . ,	
to a major stockholder for an assignment of a fifty per cent interest 


, •	 in certain oil and gas leases. The leases were assigned a cost 
of $32,831.08 which represents the predecessor's identifiable cost 


•	 •	 •	 •	 basis. 
•	 (d) A gas gathering system was purchased during the year for $27,000.00 


: •	 cash plus 35,000 shares of $0.10 par value common stock. The gas • 


	


-	 •	
gathering system was assigned a total cost of $72,500.00 which 


	


I	 •	 includes $45,500.00 representing the fair market value of the . 
35,000 shares of stock issued. When 2,999,999,999 cubic feet of gas 
have been produced through the system, and such production can be 


	


•	 •	 reasonably expected to continue, the Company will be required to	 • 
issue an additional $15,000.00 of its $0.10 par value common stock 


• •	 as additional consideration for the system. The number of shares 	 • 
•	 to be issued shall be determined on the basis of two-thirds of the 


•	 market value of Company stock on the date the system commences 	 • 
production of the three-billionth cubic foot of gas. •	 • 


zT;:;: 
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HYDRO NUCLEAR CORPORATION 


Notes to Financial_Statements, Continued 


(61 Stock Options 
The Company has adopted a stock option plan for key employees under Section 


422 of the Internal Revenue Code of 1954, as amended. Under this plan a 
total of 100,000 shares of common stock are reserved for the granting of 


•	 options; Options for 24,500 shares were granted under this plan on 
September 1, 1970 and are exercisable either in part or in total at any 


•	 time during the exercise period. The fair value at date granted was the 
same as the option price. Options on an additional 25,000 shares have 
been issued in exchange for a lease option. 


At December 31, 1970 the Company had outstanding stock options for 49,500 
shares of conunon stock as follows:


Number 
of	 :	 Per 


shares	 Date. ranted	 share	 Total 


25,000 May 16, 1969	 $ 1.25 31,250.00


Consideration 
received for 


options 


Lease option 


Date exercisable 


May 16, 1971

through 
May 16, 1974 


0


24,500 September 1, 1970	 4.00 98,000.00 September 1, 1970 Key employee 
•	 through	 stock options 


______ ________________ ____ _________ 	 August 31, 1975 _______________ 


No charges to earnings have been made with respect to options granted. No 
accounting entries are made with respect to stock options until such time as 
they are exercised. At that time the excess of the proceeds over the par 
value is credited to additional paid-in capital. During 1970 options on 
25,000 shares, granted on August 8, 1969 in connection with a stock offering, 
were exercised at an option price of $1.05 per share. 


(7) Income Taxes 
The Company has net operating loss carryforwards of approximately $303,000.00, 
expiring $62,500.00 in 1974 and $240,500.00 in 1975. $277,000.00 of the 
carryforwards arose from deducting certain costs for income tax purposes 
prior to expensing such costs for financial statement purposes. Deferred 
income taxes will be provided when these items produce a tax benefit. 


(8) Retained Earnings (Deficit) 
During 1970 certain leases were abandoned and the related acquisition and 


exploration costs totaling $25,759.94 were charged to retained earnings. 


(9) Subsequent Event 
On January 6, 1971 the Company borrowed $50,000.00 from a major stockholder 


due one year from date with interest at 8-l/2%. The note along with 
interest applicable thereto is convertible, at any time within one year, 
into shares of the Company's $0.10 par value common stock at the exercise 
price of $5.375 per share. 


•	 •.
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HYDRO NUCLEAR_CORPORATION 


Property and Equipment and Undeveloped Mineral Properties 


Balance	 .::Other changes 
at beginning	 Additions,	 Retirements	 debit and/or 


Classification	 .	 of period	 at cost	 or sales	 credit 


May 15, 1969 to December 31, 1969: 
Field and office equipment	 $ -	 9,530.28	 -	 - 
Undeveloped mineral properties: 	 -	 -	 _. ..:	 - --
Acquisition costs	 $	 -	 4,873 66	 .	 - 


• Exploration and other carrying costs - 28,249.81	 - 


- -	 33,123.47	 - 


Year ended December 31, 1970: 
Milling facilities	 :; $ 168,298.46	 -• 
Gas gathering system - -	 72,500.00(1)	 - 
Field and office equipment 9,530.28 4,958.15	 - 


- $ T9.530.28 245,756.61	 - 


Undeveloped mineral properties: 	 - -	 - . 
Acquisition costs $ 4,873.66 115,706.79(2)	 4,611.66 
Exploration and other carrying costs 28,249.81 35,481.48	 21,148.28	 - 


$ 33,123.47 151,188.27	 .	 25,759.94 


(1)	 Includes cost of $45,500.00 assigned to stock issued as partial payment for gas gathering system (note 5). 
(2)	 Includes costs of $32,831.08 assigned to leases acquired in exchange for stock (note 5). 
(3)	 Reclassification. .


3,500.00(3) 


(3 , 500 . 00) (3)


Balance 
at close. 


of period 


9.530.28 


4,873.66 
28,249.81 


33,123.47 


171,798.46 
72,500.00 
10. 988 . 43 


255,286 .89 


115,968. 
42,583.01 


158,551.80 
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HYDRO NUCLEAR_CORPORATION 


1 j 	 V	 V	 V	
Accumulated Depreciation of Property and Equipment 	 V


Deductions 
• Balance at	 Additions	 Retirements, 


beginning	 Charged to	 Charged to	 renewals and 


	


Description	 of period	 profit and loss	 other accounts	 replacements 


May 15, 1969 to December 31, 1969: 	 V	 V	 V	 V 


Field and office equipment	 $	 -	 -	 357.64(1)	 V	 - 


Year ended December 31, 1970: 	 V 


Milling facilities	
$	 -	


V	 ••	 12,489.00(2)	 - 
Gas gathering system 	 V -	 V -	 ••	 V 5,400.00(1)	 - 
Field and office equipment	 357.64	 -	 982.16(1)	 - 


V	
V	


V	


•V V
	 $ 357 . 64	 -	


V	 18,871.16	 .	 - 


(1) Charged to deferred organizational, promotional and administrative costs (note 4). 	 V 


(2) Charged to preoperating milling costs (note 3)	 V 	 V V
	 V 


(3) Reclassification.	 V	
V 	


V 


V	


V :


	


V V


	 V	


V


Balance 
at close 


Other 


-	 V	
357.64 


131.25(3)	 12,620.25 V 


V	


-	 5,400.00 
(13l.25)(3)	 1,208.55 


-	
V	 19,228.80


. 
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DFFICIAL FILE COPY 


LDte	 Surname 
J 


Code 


13/6	 &-2O 


'1 
(2/63)


W1A 


Hrc1ro Nuclear Corporatim.' 
Suite 100	 4., 


First National Bank Building, East 
Alfruquevque, New Mexico 81108 


Re: 014E-6856 (Silver 
Hydro Nuclear Corporation 
Lake Valley Property 


ierra County, New Mexico 


Gentlemn: 


Careful study of your applicati for financial assistance in ezp1or 
tug the Lake Valley property and of other information available to us 
indicates the probability of disclosing significant silver ore reserves 
is not sufficiently promising to justify Govermnent participation in 
the proposed exploration. Accorda.ngly, we regret to inform you that 
yOur application s denied.	 ' 


We wish to thank you for your interest Lu the miüerai exploration 
program.


Sincerely youra, 	 , 


/


Bro14 Kirkerno 
Chief, Office of. 
Minerals Expiorat ion 


cc: Director's reading file 
Mineral Resources 
ONE reading file 
B. Weeks 
12Ô 
130 
Region III 


BWeeks:cac 3/6/72
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Jbrm 7 
(2/63)


March 6, 1972 


Memorandum 


To:	 The Files 


From:	 Robert A. Weeks 
Office of Minerals Exploration 


Subject: ONE-6856 (Silver) 
Hydro Nuclear Corporation 
Lake Valley Property 
Lake Valley-District 
Sierra County, New Mexico 


Justification for Denial. of Application 


The applicant proposed to explore for new and undiscovered high-grade 
silver-bearing ores at depth inthe western part of the Lake Valley 
mining district, Sierra County, New Mexico. Estimated cost of the 
project, as requested by the.applicant, amounted to $50,576.24, al-
though recalculation of some of items indicated the total cost would 
be $52,468.24. 


The Field Examiner concluded on the basis of an on-site study of the 
accessible old workings and a study of- most of the available geologic 
literature that there is little likelihood of finding secondarily 
enriched silver-bearing ore bodies of significant size and grade •at 
depth. All prior exploration at depth of several ore bodies in the 
area has shown that both the grade of ore and the size of the ore-
bearing structures decrease at depth. He recommended that the appli-
cation be denied.	 .	 .	 .	 - 


A review of descriptions of the silver-bearing ore bodies indicates 
unanimous agreement that the principal ore bodies from which there 
was significant production contained secondarily enriched oxidized 
ores, and that the locus of each of these ore bodies was essentially a







.	 . 


single stratigraphic zone. This zone was readily recognized by the 
mining community, and was the principal exploration target for essen-
tially all of the early prospecting by shallow shafts andtunnels, as 
well as a later drilling program. 


The inclined shaft through which the applicant proposes to explore by 
tunneling and drilling extends through the favorable horizon and does 
not cQntain commercial amounts of mineralized rock. The continued 
decrease of mineralized rock with depth was noted by the Field Examiner, 
in general confirmation of all previous descriptions. 


•	 In the absence of proven mineralization of commercial interest below 
the zone of secondarily enriched ores, in view of the known decrease 
in mineralization with depth, and because the applicant's I. P. survey 
revealed no substantial target, the geologic probability of finding 
a significant body of silver ore seems very limited. A denial of 
this application is recommended. 


•	 Robert A. Weeks 


cc: Director's reading file 
Mineral Resources 
ONE reading file	 •	 - 
Robt. Weeks 
Mr. Kirk.emo 


RWeeks:cac 3/6/72
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UNITED STATES

DEPARTMENT OF THE INTERIOR 


GEOLOGICAL SURVEY 


FEDERAL CENTER. DENVER, COLORADO 80225 


Office of Minerals Exploration 
Building 53	 Room 200


. 


February 28,


IN REPLY REFER T0 


cOFT 


'00 k 
REC.VED 


\R 1 '1972 


INITLSCO1)T 


riAi 1tk&Y 


97)j '?2 


Memorandum 


To:
	


Chief, Office of Minerals Exploration 


Through: Assistant Chief, Office of Minerals Exploration 


From:	 Field Officer, Region III, Office of Minerals Exploration 


Subject: OME-6856 (Silver) 
Rydro Nuclear Corporation 
Lake Valley Property 
Lake Valley District 
Sierra County, New Mexico 


Transmitted herewith is a report of examination on the subject property. 
The results of a field examination and a detailed review of the literature 
indicates that the application should be denied, and it is so recommended. 


i"William Hasler, 
Field Officer, Region III 
Office of Minerals Exploration 


Enclosure







UNITED STATES



DEPARTMENT OF THE INTERIOR 



ROGERS C. B. MORTON, SECRETARY 


U. S. GEOLOGICAL SURVEY 



OFFICE OF MINERALS EXPLORATION 


REPORT OF EXAMINATION 


REGION III 


OME-6856 (Silver) 


HYDRO NUCLEAR CORPORATION 


LAKE VALLEY PROPERTY 



LAKE VALLEY MINING DISTRICT 



SIERRA COUNTY, NEW MEXICO 


By 


J. William Hasler



Geologist 


February 1972


S. 
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Illustrations 


Figure 1. Patented claims in the Lake Valley mining district, T. 18 S., 


R. 7 W., Sierra County, New Mexico. 


Plate X. Topographic and geologic map of the Lake Valley mining district 


(after Ellis Clark with slight changes). 


Figure 2. Index map showing shaft location incline 'and silver target 


areas Map NF9. 


Figure 3. Proposed drifting and long holing.
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Introduction and Summary 


The applicant, Hydro Nuclear Corporation, Suite 700 First National 


Bank Building, East, Albuquerque, New Mexico, applied to the Office of 


Minerals Exploration for financial assistance in minerals exploration. 


The application was referred to the field and an examination of the 


property was made on October 19 - 20, 1971. The Field Officer, Region 


III, was accompanied by Mr. George Lotspeich, Mr. P. A. Davis and 


Mr. C. R. Murray representing the applicant. 


The bottom of the incline was flooded with water making an 


examination of the Lake Valley fault zone at depth impossible. Some 


of the other workings in the vicinity of the target area were however 


examined, and others were caved or too dangerous to enter. A detailed 


study was made, of most of the geologic literature of the Lake Valley 


District, and it is the opinion of the examining geologist that the 


chances for discovering large, or even moderate sized silver bearing 


ore bodies at depth as proposed by the applicant, are not good. Past 


history of the district, both as to production and additional exploration 


that has been completed indicates that the rich silver ore bodies are 


near surface secondary enriched deposits and that the ore bodies and 


structures diminish both in grade and size at depth. It is therefore 


proposed that because of these discouraging data that the application 


be denied.
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Recommendations 


A detailed study and review has been made of the applicant's 


proposal to explore for possible new and undiscovered high grade 


silver-bearing ore bodies at depth in the western part of the Lake 


Valley mining district, Sierra County, New Mexico. 


The property was examined in the field, and most of the available 


geologic literature concerning the Lake Valley district has been 


studied. The result of this study and field examination indicates 


that exploration at depth, for secondary enriched silver-bearing ore 


bodies, is not likely to discover ore bodies of significant size and 


grade. Prior exploration at depth from several ore bodies in the 


- 1	 -	 i i1	 -----	 r1	
, and theveins, or ore-


ause of these data, it is 


1.
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Location and accessibility 


The Lake Valley property lies in Sections 20, 21, 28, 29, T. 18 S., 


R. 7 W., NNPM, (Figure, 1) and may be reached from Albuquerque, New 


Mexico, by travelling southward on U. S. Highway 25 through Socorro, 


San Antonio, and Truth or Consequences, New Mexico, to just south of 


the small town of Caballo, a distance of 165 miles, then turn westward 


on New Mexico State Highway 90 to Hillsboro, New Mexico, a distance of 


18 miles, then southward on New Mexico State Highway 27 for 17 miles 


to Lake Valley. The mine workings lie less than a mile north of Lake 


Valley on a semi-improved dirt road. The travel does not entail the 


use of a 4-wheel drive vehicle.
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Property 


The applicant is lessee with option to purchase properties in 


fee. Copies of the lease are included in the application under 


Exhibit C. There are no liens, mortgages or other encumbrances known 


to be attached to the land. The patented lode claims included in 


the lease are shown on Figure 1. They are located in Sections 20, 21, 


28 and 29 in T. 18 S., R. 7 W., NMPM, in Sierra County, New Mexico. 


History and Production 


"Ore deposits in the Lake Valley area were discovered first in 


August 1878 by George W. Lufkin. Mining started shortly thereafter, 


and the mines were worked continuously for the 15-year period ending 


in 1893. Within a short time after the discovery the best properties 


were all brought under the control of three companies, the Sierra Grande, 


Sierra Bella, and Sierra Apache; these names were derived from the 


names of the groups of claims under the control of each company. After 


1893 the Sierra Grande company, having managed all the mines for several 


years, acquired control of almost all the properties in the mineralized 


areas. In the early eighties the district was made famous by the 


discovery of the Bridal Chamber, one of the richest single bodies of 


silver ore ever found." 


"The 'Bridal Chamber' was discovered in the sinking of an 


exploratory shaft which was to test the extension of a known 


ore body. MacDonald (1908), in a discussion of a paper by Keyes (1908)
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on the area states: 


The vertical section of this shaft showed:
Feet 


Detritus ..................................................4 
Fossiliferouslime stained with the oxides of iron 


and manganese.........................................20 
Ore averaging 40 oz.......................................5 
Ore averaging 60 oz.......................................3 
Ore averaging 150 oz.........................................4 
Open space ...............................................1-1/6 
Horn silver, averaging 15,900 oz..........................4 
Lead (sand carbonates averaging 500 oz. silver and 


40 per cent of lead....................................5 
Decomposed lime heavily stained with iron and 


manganese ............- 	 ..................................3 
Total thickness of deposit 	 25

"Blue" lime....................................below (undetermined) 


"The extraordinary commercial value of the deposit developed at 


this place was due to the occurrence of the streak, 4 feet thick, of 


nearly pure cerargyrite . . ." 


"The downward continuation of this ore as a continuous sheet 


or bed was of limited extent except for narrow pipes which extended 


for considerable distances in the 'blue' lime, but these finally 


feathered out and ceased entirely without leaving even a seam . . ." 


"I named the ore-deposit cut in the 'joint' shaft the 'Bridal 


Chamber' because of the sparkling light reflected by the myriads of 


crystals of cerargyrite and calcite studding the roof of the open 


space over the chloride streak. The purest specimens of the chloride 


streak assayed 20,000 oz. of silver to the ton, and the average 


across the 4-ft. faces was 15,000 oz. If the flame of the candle 


was held against any portion of this streak the ore would decrepitate
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in the flame and fuse to a slag. The streak of sand carbonates 


that underlaid the chloride, deposit was practically co-terminous with 


it, and as soon as the chloride streak broke up and disappeared the 


lead carbonates disappeared also. At a radius of 15 or 20 feet from 


the point cut by the joint shaft, the chloride streak broke up into 


small streaks and segregations, but the ore continued to average 


from 200 to 500 oz. for a considerable distance beyond this point, 


gradually lowering still further as the edge of the deposit 


was approached." 


Most of the following information was derived from Clark (1894) 


and Harley . (1934, pp. 178 - 179). 


Silver ore, limestone for flux, and manganese ore have been mined 


in the Lake Valley district. Records of production of manganese are 


incomplete but from such figures as.are available (Harley, 1934, pp. 170 - 


184, U. S. Bureau of Mines) and from geologic mapping of ore bodies, 


it is estimated that about 8,000 tons of ore was mined prior to 1942. 


From 1942 to December 1943 the Newalpitt Corporation shipped 37,224 tons 


of ore averaging 20.8 percent Mn to the Federal stockpile at Deming, 


New Mexico. The productive figures from 1942 to 1943 are listed below. 


	


Area	 Tons 


	


rande	 32,795 


Bella-Strieby	 1,365 


	


Apache	 1,427 


Total	 35,587 


2/ S. C. Creasey, A. E. • Granger, 1953, Mineral Investigations Field 
Studies, MF 9. Geologic map of the Lake Valley Manganese District, 
Sierra County, New Mexico.
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The applicant completed an I. P. survey of the Lake Valley 


mining district during June and July of 1970, that indicated those 


volcanic-limestone contacts that are known to be favorable for silver 


bearing ore bodies. In May of 1971 the applicant completed an incline 


to the Lake Valley fault. He plans to drift along the fault contact, 


in an area along the folded and dragged portion below the old workings, 


that is structurally similar to the Grande deposit that lies northeastward. 


Financial Eligibility 


The applicant states that he intends to finance his share of the 


cost of an OME contract through cash, labor and equipment, and states 


that the work would be completed in a 6-month period. Total estimated 


cost of the proposed project would be approximately $52,468.24, and 


would include 500 feet of drifting and 5,000 feet of longhole and 


-	 core drilling.


Geology 


Lake Valley Mining District 


General Geologic Features of the District 


"The manganiferous silver-lead deposits of the Lake Valley mining 


district are confined to a triangular area about half a mile wide and 


1-1/2 miles long, approximately half a mile north of the town of 


Lake Valley, on the southeastern slope of the Lake Valley fault block. 


In this region the Lake Valley limestone, the host formation of the ore 


deposits, is divided by Clark (1894) into three members: Plate X 


included the Nodular limestone (Caballero formation and Andrecito member)
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at the base, the Blue limestone (Alamogordo member) next, and the 


Crinoidal limestone (Nunn and Tierra Blanca members) at the top. The 


Blue and Crinoidal limestones have been referred to as the TFootwal1 


lime and "Hanging Wall" lime respectively, because the ore deposits 


are for the most part confined to a level at or near the contact 


between the two." 


"The most important ore deposits of the Lake Valley district occur 


in a drag zone in limestone formed by the N. 400 W. fault which brings 


the Mimbres Peak rhyolite on the west into contact with the Lake Valley 


formation. Faults of minor displacement (a few inches to 5 feet) 


parallel with the N. 450 E. strike of the beds, minor fractures trending 


northwest, and slight undulations in the beds, apparently caused by 


bedding-plane slippage, are also important factors in the control of 


ore deposition." 


"The ore deposits of the Lake Valley district were examined only 


in their surface expression, as most of the old workings are accessible 


only with difficulty. Even from surface examination it is apparent 


that the workings are confined to a layer between the lowest beds of 


the Blue limestone and the base of the overlying Crinoidal limestone." 


"The underground workings and primary mineralization have been 


described by Harley (1934, pp. 176-184) and Gordon (1910, pp. 276-282). 


Creasey and Granger (1953) have mapped some of the underground workings. 


The mineralization is of the bedded type, formed by replacement of the 


basal layers of the Crinoidal limestone and the upper layers of the 


0
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Blue limestone. Exceptions are some parts of the area on the southwest, 


where disruption and brecciation of the footwall chert layer have 


allowed mineralizing solutions to enter. This has resulted in recementation 


and transformation of the chert breccia into a siliceous ore. Where 


the overlying Crinoidal limestone is replaced, the folded and dragged 


zones have provided the most favorable sites for ore deposition. The 


highest stopes in the district (Thirty stope, Twenty-five cut, Bridal 


Chamber) are located in this zone." 


"At the surface and in open cuts and stopes the remaining visible 


ore shows a progressive change from southwest to northeast. The 


ores of the southwestern part of the district are highly siliceous. 


Stringers and pockets of fairly pure manganese oxides occur in massive 


red, green, yellow, and milky chert, which is permeated by a virtual 


web of thin veinlets of manganese minerals. This chert should be 


distinguished from the chert indigenous to the sedimentary formations, 


as it has been formed by a different process. To the northeast the 


silica content gradually diminishes, and the ores show a more homogeneous 


mixture of fine-grained manganese and iron oxides and hydroxides, which 


appear as a massive, porous black ore. The silver content of the 


remaining manganiferous ores is too small to permit mining for 


silver. Their high lime content makes them desirable as a basic flux 


for other ores;. during World War II they were mined as a source of 


manganese. Manganese contents of up to 50 percent have been 


reported, but later exploration by the U. S. Bureau of Mines has
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has shown that, for the most part, the overall manganese content in the 


remaining material is fairly low. 


Oxidation of the Ores 


"The ore deposits were of commercial importance only because 


the original low-grade ore had been enriched by oxidation, transportation, 


and secondary precipitation, which had taken place since the elevation 


and denudation of the fault block. Oxidation has transformed the 


primary silver sulfantimonides to cerargyrite, embolite, and native 


silver; the galena to cerussite, vanadinite, and wulfenite; and the 


ankerite to manganese oxides, limonite, and manganiferous calcite. 


Secondary calcite occurs as veinlets and coatings on manganese minerals 


and cerargyrite. The interaction of calcite and the acid sutfate-bearing 


solutions has yielded large amounts of gypsum. The migration of the 


oxidizing solutions downslope to a level just below or within the 


cherty Crinoidal limestone has resulted in the formation of rich secondary 


ore bodies in the north-south fractures. Ore occurs in some of the 


fractures above and below this stratigraphic level, but is not of 


commercial value (Harley, 1934). In speaking of the oxidation and 


enrichment of the ores, Harley (1934) says:" 


'Where the chert has been fractured, the ore is siliceous 
as a rule, but where the chert was undisturbed the solutions 
filtered through the overlying bed of limestone, and replaced it 
to form the basic ores of the district, in which the lime content 
is 35 percent and silica about 20 percent. The solutions permeating 
the fractured limestones first filled the fractures and spaces 
with a mixture of manganese oxides, silver minerals, and calcite, 
and later dissolved out the fragments of limestone, leaving a coarse 
boxwork of the original cementing material; still later these 
openings were filled by ore and gangue minerals. Where the secondary
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ore-depositing solutions precipitated their mineral content in 
fractures in the chert the silica content is as much as 60 percent, 
the remainder consisting of limonite, manganese oxides, calcite, 
and silver minerals. In the intermediate ores, as in the 
Emporia and Thirty stope workings, the lime content averaged 
about 30 percent.'


Applicant's Proposal 


The applicant proposes to drive a drift at depth in the Blue 


Limestone member of the Lake Valley Limestone northeastward from 


the bottom of an existing incline in the area along the Lake Valley 


fault (Figues 2 and 3 included). The beds in this area dip more 


steeply and are sharply folded as a result of being dragged against 


the rhyolite hanging-wall of the fault contact. The beds have therefore 


been more highly fractured and the silver-bearing manganese-iron 


solutions have been allowed to penetrate, and therefore provide a 


likely target. The applicant proposes driving 500' of 6' x 7' drift; 


5,000 feet of long hole core-drilling at a total estimated cost of 


$50,576.24. However, a recalculation of some of his figures the proposed 


work would . total $52,468.24. The cost to the government at 75% participation 


for silver would be $39,364.68. 


Examiner's Evaluation and Proposal 


The lower portion of the incline (No. 14 shaft) was flooded 


at the time of the field examination and appraisal, but was reported 


to be in the Lake Valley fault zone. The three members of the Lake 


Valley Limestone, namely, the Crinoidal limestone, the Blue Limestone, 


and the Nodular limestone members, were observed in the incline at the 


time of the examination; and the continued decreasing amount of
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mineralized material was noticeable with depth as one approached 


the bottom of the incline, except for some highly siliceous manganiferous 


material that was not of minable quality. The several near surface 


stopes that were examined, showed little indication of commercial silver 


and/or manganiferous material, even though there was considerable 


silicification. The stopes in the area of the 14 shaft are the 25 


stope and a portion of the Bridal Chamber stope. The timbers remaining 


in the Bridal Chamber stope are in very poor condition, and considerable 


caving has taken place making any extended examination of the stope 


dangerous. Under a description of the Grande workings by G. T. Harley, 


New Mexico Bureau of Nines Bulletin No. 10, pp. 180, 181 and 182, it 


is stated that the "Grande workings included the Twenty-five cut, 


Twenty-five stope, Thirty Stope, Bridal Chamber, and the Carolina 


workings and that this section of the camp produced the major part 


of the silver in the Lake Valley District, and that the ore in this 


area was generally of a higher grade than any of the other areas. 


Operations were carried on chiefly by means of open cuts, short inclines 


and shallow shafts, which penetrated ore bodies lying under a few feet 


of barren covering. The twenty-five cut ore was removed from an 


open cut which was 50 feet wide, 25 feet deep and 300 feet long, and 


was entirely within the Blue limestone. In the Twenty-five west 


stope, the ore was found a short distance below the surface within the 


Blue limestone. North of this stope drifts several hundred feet 


long explored the contact between the Blue and Nodular beds of limestone 


without encouraging results. The entrance to Twenty-five stope through
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the Twentyfive cut tunnel was along thè, contt 'between tE.LBlue 


and Crinoidal limestone which was here, very tight, and although 


very siliceous it contained only small amounts of secondary silver 


and manganese minerals. In the roof of the Twenty-five West there is 


a mineralized fissure 2 - 3 feet wide and as long as the stope, which 


does not continue into the Blue limestone beneath the stope. No. 14 


shaft was sunk 100 feet south of the Twenty-five cut tunnel and down 


the dip of the beds from the ore in the Twenty-five cut toward the 


rhyolite contact. This shaft cut the contact of the Crinoidal and Blue 


limestones 63 feet below the collar, and manganiferous flint was found 


in quantity, with occasionally enough silver for assay, but no commercial 


ore was removed. Secondary processes had not enriched the ground 


along the dip of the beds this far under the cover of the Crinoidal 


limestone. "East of the Bridal Chamber a small deposit of ore was mined 


from the surface, and a second small deposit was removed from the Daly 


shaft at a depth of 50 feet. Farther down the dip of the beds no 


commercial ore was found, although considerable prospecting was done 


through the Daly, Office, and Office No. 2 shafts. Along the contact 


of the Crinoidal limestone an almost continuous layer of primary 


manganiferous-ferriferous-silver-bearing chert 1 to 2 feet thick was 


followed in these workings, but the bed was so far under the cover of 


the Crinoidal limestone that it was not enriched." 


Additional exploration drilling was done during 1928 - 1929, as 


well as a churn drilling program during World War II, little encouragement 


resulted frm this exploration work as the earlier drilling showed only







I	 I 
- 14 - 


minor stringers of ore below the main ore bodies, and they were low 


grade and diminished with depth. In nearly every instance, exploration 


at depth for silver and/or manganese ore bodies in the Lake Valley 


district have proven unprofitable, as the high grade near surface 


silver ore bodies diminished at depth in value as well as structurally. 


The high grade silver ore bodies were the result of secondary enrichment 


and oxidation of primary ores. 


There could be some discovery of small pockets and stringers 


of high grade silver bearing ores near the contact of the Blue and 


Crinoidal limestone from the walls of old stopes; however, extensions 


of the Lake Valley ore deposits are unlikely, either in area or in depth. 


The known primary deposits of the district, where they have not been 


enriched, without exception are below commercial grade. Secondary 


enriched material has been largely restricted to beds immediately 


above and below the primary mineralized layer, and only where the 


primary layer has been highly fractured, has it been greatly increased 


in value by secondary' processes. It is not likely therefore that 


exploration at depth will result in the discovery of many new, and 


large ore bodies of silver-bearing ore of commercial grade.
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July 26, 1971 


• Hydro Nuclear Corporation 
S*4te 700 
First National Bank Butldirt&, East 
Albuquerque, New )kxtco 81108 


•


	


	 Subject .ø4856 


CantZ.; 


Your application for exploration *s*Latance, dated June 11,. 1911, 
submitted to our office at Dwer, Colorado-, has been assigned 
Docket No. (**6856. 


Pisee. identify alt future correspondence relating to your appli 
cation by this docket nt*nber. 	 •	 •	 •• 


SIncerely yours,. 


Harold Ktrkeao • 
•	 Chief, Off icr. of 


Minarets xploratLon 


cc: Region UI	 •	 •	 •
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.	 . . .: 
•; 	 :• • t	 MININGT..EASE AND OPTION 	 .	 , .	 . . . , 


;	 -.•. . THIS.LEASE ANDOPTION made arid entcrcd into as of the 


-Q'.'	 day of	 , 1968, by and between ALICE 


FISHER FOSTER of the County of, Arapahoe, 'State of Colorado, .KATH-


ARINE FISHER DIXON, ETHEL FISHER DIXON individually, and LTHEL 


FISHER DIXON and KATHARINE'DIXON AGAR as Succcssor'Trustees,üridcr 


the Will of Lucius G. Fisher, deceased, all of the County of Cook 


and State of Illinois (the said individuals being directly or 


indirectly the owners of all the outstanding and issued stock of 


Lake Valley Mines Company, a corporation formerly organized 


under the laws of the State of Illinois and now dissolved, here-


inafter collectively referred to aa Lessor, and GEORGE A. 


LOTSPEICH JR., hereinafter referred to as Lessee, 


WITNESSETH. 


That Lessor, for and in consideration of the sum of 


Ten Dollars ($10.00 paid, 'and other good and valuable' considera-' 


tions, receipt of which is acknowledged,' and of the covenants " 
and agreements hcre'in'contairicd and for the furt1cr. consideration 


of the royalties to be paid, has grànted,demised, leasedand 
let and, by these presents'does grant, demise, lease and let unto 


Lessee, his heirs and personal representatives, the following ;•;Y 


mining claims owned or located'by Lessor, situate in Sierra 


County, New Mexico, together with the right and privilege to 
explore for, develop, mine, extract, remove and market silver 


ore and such other commercial ores s may be encountered. 


NAME OF_CLAIM	 4INERAL_SURY NO. 


Plata	 717-A 
South Carolina	 658 
Silver Reef	 717-B 
Carolina	 657 
Arizona	 717-C 
North Carolina	 656 
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NArvTh OF CLAIM MINflAr SURVEY NO. 


Little Boy I 717.-D I 


Lrnporia 711-H	 I I 


Comstock 717.-E 
Sierra Grande M113. Site 2 532.-B 
Strieby


I 711.-G 
Last Chance 717-F 
Columbia 893 
Apache 892 
Annie P. 532-A (except that portion 


conveyed b y deed May 7, 
I 1891, by Silver Mining 


I Co. of Lake Valley to 
Parker & Guest) 


Compromise 1810 


Provided,however, Lesso •r reserves and retains to them-


selves all oil and gas in, on or under said claims and the lands , 


covered thereby, together with the right of ingress and eçress.. 


fo•r the purposeof developing, extracting, producingand removing 


said substances. The Lessee shall have the right of use of so 


much of the surface as may be reasonably necessary, useful and 


convenient in connection with the construction, installation, 


erection, maintenance of structures, equipment, machinery, sur-


face and sub-surface excavations, water well8, pipelines, roads 


and other improvements necessary or Incident to the mining opera-


tions to be conducted pursuant hereto. 


1. This leaseshall be for a term of five (5) years 
1 


from the date hereof. Lessee shall have the option to renew the 


term of the lease for an additional five (5) years, provided 


there be no default in the performance of the conditions hereof, 


and Lessee shall give written notice of the exercise of the op I 


tion to renew not later than thirty (30) days prior to the 


termination of the initial five year period. 	 I 


2. SubJect to the other provisions of this lease, 


Lessee agrees to pay or 1 tender to Lessor, or to the credit of 


Lessor, at the NorthernTrust Company, 50 South La Salle Street, 


Chicago 3, Illinois, or its successor or successors, advance 
I	 I	 I 


royalties as follows:	 1	 I 
r	 I	 I 


I	
.2-	 1


"I 
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. 


•	 • 


I


i.	 •O) 
(a) Start1ri ninety (90) days after 1ninj of thic 


easc, $100.00 per month until the ann1verary of the cxccutlon of 


his lease, $200.00 per month for the second year, $300.00 per 


norith for the third year, $OO.Oo per month for the fourth year, 


md $500.00 per month for tho.'fifthyear. If the option is ex 


rcised, the advance royalties shall be as follows' $600.00 per 


nonth for the sixth year, $700.00 per month for the seventh year, 
$800.00 per month for the eighth year, $900.00 per month for the 


iinth year, and $1,000.00 er month for the tenth year. 


(b) Lezsee further agrees to pay as royalty for the 


Droduction of ore from the leased premises an amount equal to seven 


and five tenths per cent (7.5%) of the net smelter returns on 


re or ore concentrates produced and marketed from said premises, 


such payment to be made within thirty (30) days following ro-


ceipt of payment for such sales by Lessee, said royalty payments 


as a result of production sales shall be payable to the credit 


of Lessor at the Northern Trust Company. Lessee may deduct from 


the royalties payable to Lessor hereunder as a result of sale of 


ore or ore concentrates a sum equal to the total of all of such 


advance royalty payments paid 'to Lessor under the terms hereof 


during the twelve-month period immediately prior to the payment 


of 'royalty from the production sales and not previously offset 


against : earned royalties. Each month a royalty is earned, advance 


royalty for the'twelve months before such earned royalty is earned, 


riot theretofore offset, shall' be applied aairict the earned royalty 


and If the earned royalty Is less than that ' sum, no earned royalty 


shall be paid'. ', If the" earned 'royalty is more than that sum, then' 


the. difference shall 'be paid. In no event, shall 'the payment any 
)flth be less than the advance royalty due for that month, and any 


fount paid over that earned shall be considered advance royalty. 


ould sales or ore cease entirely for any reason other than as 


ic result of Acts of God or other circumstances over which 


8oce has no control, advance royalty payments shall be resumed 


.1.3-b
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ehirty (30) days after the termination or ore sales arid shall 


continue until productionroyalties as a result of sales are 


again paid. Lessee shall likewise receive credit for any such 


advance royalties so paid as hereinabove provided, subject to 


the same time limitation period. 


.	 •	 Cc) ' Net smelter returns means all : sums paidtoLessee,' 


for ores,preclpitates, metals and concentrates produced from the: 


premises:. less 1) All charges for loading' and transporting frOm. 


the premises to the smelter and/or other purchaser, and 2) All 


treatment charges, penalties, and other deductions applied in 


determining the ret sum realized by lessee on the sale to smelter 


or purchaser.1 


3. At any time during the Initial or extended term of 


this lease Lessee is given the exclusive option to purchase said 


premises from Lessor for a total purchase price of Three. Hundred . 


Thousand Dollars ($300,000.0Q), with credit for. aflprior pay-" 


merits made as advance or earned royalties. Upon the exercise of 


suchoption Lessor shall furnishto Lessee their warranty deed .to. 


said premises, free and clear of the oil and ga reservation 


herein contained, and warrant that their title will then be a 


marketable fee simple title, free and clear of former grants, 


liens, encumbrances, and taxes, and shall furnish to Lessee ab-


stracts of title covering said premises, and agree to cure, at 


their expense, any detects ih the title making the same unmarket-


able.


. Lessee agrees to mine and operate the property in 


accordance with good mining practices and to take such action as 


may be reasonably necessary to prevent waste or undue damage to 


unmined ore reserves and deposits, and further agrees to comply 


with all rules and regulations imposed on mining operations by 


the New Mexico State Mine Inspector. 


_____________________________________________________
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p	 5'	 Lessor or their repreentativcs may make iricpection 


. r the promises at all rea3onable timofi, ouch inpcctions to be 


oriducted at the risk of Lessor or their reprcscntative 	 and pro.. 
'


ided that such inspections do not unduly interfere with the 


operations of Lessee. 


6	 Lessee acrees to obtain and keep in force workmcr&'s 


compensation insurance with a responsible company authorized to 


do business In New Mexico and covering all persons working upon 


t the leased property, and further agrees to indemnify and hold 


S'
harmless Lessor against any damages or claims for damage arising 


' out of or In connection with the operations conducted by Lessee. 


t Lessee further agrees to promptly satisfy and discharge any liens 


or claims of liens asserted against the leased property by third 


parties arising out of or in connection with Lessee's operations 


and to pay all taxes levied or assessed against the leased prop-. 


erty and any and all facilities, equipment, machinery, structures 


located on or to be located on the leased premises, except that 
f Lessor shall pay their proportionate share of production or	 ' 


severance taxes. 


7.	 Lessee agrees to keep accurate records, reports and 


accounts of the operations conducted on said premises and of all 


sales and shipments 	 f ore made from the leacd prcmiscs and to 


furnish Lessor with statements of the quantity of ore mined, pro-. 


cessed, shipped and sold from the premises, such reports to be 


furnished each thirty days during the term hereof or upon written 


requezt by Lessor, and Lessor shall have the right of inspection 


of the records and accounts of Lessee at all reasonable times and 
at Lessor's expense. 


__________ 8.	 This leaseshall not be assigned, and no sublease 


of the leased premises shall be made without the written consent
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\	 9. Lessee may terminate and surrender this lease at an 


time upon the giving of written notice thereof to Ic3sor, pro-


vided, however, that Lessor shall have a lien upon all property 


of Lessee placed upon th premises by Lessee, as security for 


the payment of any accrued and unpaid royalty or advance royalty 


due Lessor. . This lease may be terminated by LessOr In the .evcnt.:; 


the Lessee shall become in default In the payment of any royalty 


due hereunder, or in the evont Lessee fails to commence mining 
operations within two years from the date of this lease and con-


tinuing thereafter, ' Acts. f.,Ood and other ciràumstances over 


which. Lessee has\ no gontrol excepted. Should Lessee default in '• 


the performance of Lessee 9 s other obligations hôreunderand.should 


such default continue for thirty (30) days after the receipt by 


Lessee of written notice..specifyirig such default, this 'lease shall 


terminate. In the event of termination by 'Lessor, Lessee 


peacefully surrender possession of the premises within thirty 


(30) days after receipt of such notice of termination. 


10. Upon the termination or surrender of this lease, 


Lessee shall have the right to remove all equipment, facilities 
and structures placed or erected by Lessee upon said premises, 


provided that no lien thereon Is asserted by Lessor pursuant to 


the terms hereof, it being agreed, however, that such' removal' 


shall be accomplished without damage to the leased premises and 


'that no underground structure, such as headframcs, timbers, shor-


ing, or other similar permanent structure, shall be removed by 


Lessee, whether now on said premises or placed thereon by Lessee. 


11. Lessee agrees to furnish such Information as he 


may obtain through his own efforts or as result of' efforts by 


others, relating to ore depgsIts and reserves, quantity arid 


quality of ore, underground maps, cores, core analyses, and all 


I	
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the mines and ore deposit. 


12.	 All notices and demands herein permitted or re-


iulrcd shall be in	 ;ritinr	 and addreed rcpcct1ve1y to Lcsor, 


do Katharine Dixon Aar, 111 Slest T1onro 	 Sti'eet, Chicaro 3, 
4 Illinois, and to Lessee, at 609 Sycamore, NC, Albuquerque, UCr. 


Mexico	 Such notices so addressed and mailed by ,certitied or 


registered mail shall be conclusively presumed to have bccn 


received by the parties hereto unless notice of change of address 


is giVcn in writint	 by the respective parties. 


I 13.	 It is the mutual intent of Lessor arid Lessee that 


operations hereunder are to be conducted with reasonable dill-


. gence and in good faith, with a vies' todard the mutual profit 01' 


the parties.	 Lessee covenants that sales of ore and ore concen-


trates from the premises shall be at the best price obtainable 
:


to produce the greatest royalty income possible under the cir-)


cumstances and conditions prevailln 	 at the time of such sales. 


:
Failure of Lessee to exercise good faith in the operation ol' the 


premises in accordance with the intent expressed In this para-


graph shall result In termination of this lease, anythlnç else 


to the contrary appearlric herein notwithstanding. 


IN WITNESS WHEREOF, we have hereunto set our hands and 


seals this the day and year first above written 


-z	 <)-•' V . 	
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aka Alice F. Foster 


/	 rircRo 1 XT
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ATHAr1zJj DIXON ACIAH	 0 As SUccosor Trustees under thc 
'	 will of Luc1u 0. Fisher, Doccased 


LESSOR 
J	 I _ 
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L SSEE 


STATE OF Co1ordo 


COUNTY OF.Arapahoe 	 SS. 


.	
was acknowl edFed'befo pc rne thIs 19th day of Juz	 :19G8, by. ALICE FISHER FOSTER aka AliceF, Yöster. 


tuwe3	
22. j9 


STATE OF	 ' 
COUNTY OF	 ss. 


The forecoing instrument was ackno,1edred before me this _______ day of	
, 1968, by KATHARINE FISHER D IXON .	 -•------ ;
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1y Commission expires	 , 
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The fore,o1ji p Instrument zas acknowledrcd boforc me Lhi	 ddy of	


-, 1968, by ETdIL rIsHLfl DIXOU. 
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.	 .	 ADDENDA TO MINING LEASE AND OPTION 	 . . .	 . 


. :	 We, the undersigned, being all of the heirs at law 


.	 of Katharine Fisher Dixon, Deceased, hereby ratify and confirm 	 • 


the terms of the Mining Lease and Option covering certain mining • 	 • 


.	 claims therein described, located in Sierra Cdunty, New Mexico 	 .	 ; 


.	 dâtedtheZ.daYOf1QLL/?ItMf	 19	 between 


Alice Fisher Foster, Ethel Fisher Dixon, individually, Ethel • 	 . . 


.	 . Fisher Dixon and Katharine Dixon Agar as Successor Trustees 	 . 


u/W/O Lucius G. Fisher, Deceased, and Katharine Dixon Agar, 	 . ' 


• .	


Executor ufw/o Katharine Fisher Dixon, Deceased, Lessors, • 


. and George A. Lotspeich, Jr. , Lessee.	 .	 . 
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s1o1sg 0. Lo1TNIcH, • singis san, In cus1d.r.tI. of th.	 •f 
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Abstract 
Lake Valley quadrangle is located about 15 miles north of Deming, 


in southwestern New Mexico. The area is nearly flat in the southeast, 
but becomes increasingly rugged in the northwest and southwest, where 
locally the relief exceeds 1,000 feet. 


One of the main structural features is the north-south trending 
Mimbres Range, a faulted anticlinal "high" which extends along the 
west side of the quadrangle as an extension from the Black Range anti-
dine to the north. The Mimbres Mountains terminate at a regional fault 
which separates them from Cooks Range, a large faulted mass of Pre-
cambrian, Paleozoic, and Mesozoic rocks cut by intrusions, in the south-
western corner of the area. A third large structural feature is the Lake 
Valley fault block in the northeast, in which early and middle Paleozoic 
limestones and shales have been raised to the level of the surrounding 
Tertiary volcanics. Lesser faults of general north-south and east-west 
trend are found in many areas, but are difficult to trace for any distance 
in the volcanic rocks. 


Every geologic period, with the exception of the Triassic and 
Jurassic, is represented by at least one formation. Above the granitic 
Precambrian basement lies a series of Paleozoic and Mesozoic limestones, 
sandstones, and shales, represented completely only in Cooks Range. 
The Tertiary system is represented largely by volcanics, which cover 
about two-thirds of the area. The earliest series, made up of pyroxene 
andesites, is followed by pyroxene andesites and latites, which have been 
intruded by northeast-trending porphyry dikes. Later, quartz latite tuffs 
and rhyolitic flows were deposited on an erosion surface on the pyroxene 
andesites and latites. The rhyolites were succeeded by pyroxene andesites 
and basalts. During Tertiary time there were several periods of erosion 
and at least one period of faulting. A thick series of fanglomerates, the 
Santa Fe (?) formation, which covers a large. part of the southern and 
western area of the quadrangle, was laid down probably in Pliocene or 
Pleistocene time. Uplift and erosion in Pleistocene and Recent time have 
yielded the present topography. Late gravels and alluvium were formed 
during the last erosion cycle. 


The five mineralized areas in Lake Valley quadrangle are: the Lake 
Valley mining district, characterized by oxidized silver-manganese 
replacement deposits in the Lake Valley limestone; the Macho mining 
district, which contains lead-silver vein deposits in pyroxene andesites; 
the Old Hadley.Graphic district, characterized by copper-lead-zinc-silver 
veins in pyroxene andesites; and the Cooks Peak and Jose districts, where 
lead-zinc-silver replacement deposits occur in the Silurian Fusselman 
limestone. Lead-zinc deposits were being mined in the Cooks Peak dis-
trict in 1951. Late in 1953 the Cooks Peak district was inactive, but 
preparations were being made to mine and concentrate manganese ores 
in the Lake Valley district, where manganese mining began again early 
in 1954. Several other smaller prospects also are known. The mineraliza-
tion is believed to be of Tertiary age, since it occurs both in pyroxene 
andesites and in Paleozoic rocks. 


Masses of perlite have been found in the rhyolite flows.







Introduction 
GEOGRAPHY AND PHYSIOGRAPHY 


Lake Valley quadrangle forms a part of Sierra, Grant, and Luna 
Counties in southwestern New Mexico. It lies about 15 miles north of 
Deming, and about 80 miles northwest of El Paso, Texas. The area is 
bounded by longitudes l07°30' and 107°45' west and latitudes 32°30' 
and 32°45' north. 


The southeastern part of the quadrangle includes a part of Lake 
Valley, a region of low relief between 4,600 and 5,000 feet in altitude, 
with local relief generally less than 50 feet. To the north and west the 
terrain becomes more rugged; altitudes of 7,000 feet are common in the 
Mimbres Range, which forms the western border of the quadrangle, and 
local relief in this area exceeds 500 feet. The rugged, but short, southeast-
trending Cooks Range, marked by deep canyons and steep slopes, lies in 
the southwest corner of the quadrangle, and may be regarded as the 
southernmost part of the Mimbres Mountains. Cooks Peak, the highest 
point in Cooks Range—and a regional landmark, has an altitude of 
8,404 feet, or 3,800 feet above the surrounding plains. Drainage in the 
quadrangle is mostly to the south and east; only a narrow strip on the 
west drains westward into Mimbres Valley. 


The climate is typical of the more moderate, semiarid conditions 
common to intermediate elevations throughout the southwestern United 
States. Summers are hot; however, though temperatures above 100°F are 
common, they are not the general rule. During the winter the tempera-
ture seldom drops below 0°F. Annual rainfall averages 10-12 inches, 
most of it occurring during the summer and winter. In the winter there 
is an average fall of 12-14 inches of snow. Summer rains are of the inter-
mittent torrential type. Thundershowers, which may provide one or 
more inches of rain locally in a few hours, cover limited areas during 
the period from July 1 to September 15. 


The flora is as varied as the topography. The highest mountains 
are covered by piñon and juniper. The lower slopes are sparsely covered 
by thickets of live oak, hackberry, greasewood, and mesquite. The vege-
tation on the plains and low, rolling hills is mostly grass, greasewood, 
and numerous flowering plants, which bloom after the summer rains. 
Cacti of many species, and several varieties of yucca, occur at all alti-
tudes, but are most common on the lower slopes and plains. 


The area is populated only sparsely. The main industry is cattle-
raising, and most of the people live on small scattered ranches. During 
the latter part of. the 19th and the early part of the 20th century, mining 
was an important industry. The rich bodies of oxidized lead, zinc, and 
silver ore are now for the most part worked out or not minable on an 
economic basis. Among these was the famous "Bridal Chamber" of the 
Lake Valley district, a fabulously rich pocket of cerargyrite ore. How-
ever, new exploration has led to the reopening and operation of some of 
the lead-zinc mines of the Cooks Peak mining district on a small scale. 
The mining of manganese ores in the Lake Valley district is in progress 
(since early in 1954? in conjunction with the current government pro-
gram of strategic minerals procurement.
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NATURE OF INVESTIGATION 
The author spent about 120 days in the field within Lake Valley 


quadrangle. As the area of the quadrangle is about 251 square miles, it 
may be seen that most of the work was on a detailed reconnaissance basis 
only, since it was necessary to cover 1-2 square miles a day. Regional 
mapping was done on aerial photographs on a scale of about 2 inches to 
a mile and transferred to a Soil Conservation Service plat. In addition, 
more detailed studies in important selected areas and examinations of 
some mines have been made. Therefore, it should be stressed that more 
detailed work may lead possibly to somewhat different interpretations 
from those presented here. 
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PREVIOUS GEOLOGIC WORK 
Prior to the present investigation no detailed geologic mapping had 


been done in 'Lake Valley juadrangle, except for the mapping of the 
Lake Valley mining district. Darton (1916) published a map of the part 
of the quadrangle included in Luna County on a scale of 4 miles to one 
inch. His map was found to be an excellent basis for more detailed work 
in that part of the quadrangle. The only other map of the area is the 
state geologic map, published in 1928. 


The stratigraphy of the Cooks Range and Lake Valley areas was 
investigated first by Darton (1916, 1917, 1928). Detailed stratigraphy of 
the Lake Valley formation in those areas was discussed by Laudon and 
Bowsher (1949) . Dr. R. H. Flower, of the New Mexico Bureau of Mines 
and Mineral Resources, has kindly added to this report stratigraphic 
analyses of the El Paso and Montoya groups. 


Clark (1894), Keyes (1908), MacDonald (1908), Lindgren and 
Gordon (1910), Harley (1934), and Creasey and Granger (1953) have 
published maps and reports on the Lake Valley district which proved 
very helpful in the author's description of the area. Harley (1934) also 
described the 'Macho district. The Cooks Peak district was described by 
Lindgren and Gordon (1910) . The latter two reports were useful largely 
on a historical basis.







Geology 
Most of the bedrock areas in the quadrangle are underlain by vol-


canic rocks of Tertiary age. These include pyroxene andesites, latites, 
and rhyolites, and their fragmental equivalents. Paleozoic and Mesozoic 
rocks, mainly limestones, with some sandstones and shales, are exposed 
only in the northeast and southwest corners of the area. In the southwest, 
Cooks Range, a large intruded and faulted mass, rises above the general 
level of the Tertiary flows and pyroclastics, whereas in the northeast, at 
Lake Valley, a large fault has raised the Paleozoic sediments up to the 
level of the surrounding volcanics. The southeast is a large area of bolson 
plains. A wide belt of Tertiary fanglomerates extends from the south-
center to the northwest part of the quadrangle. A general stratigraphic 
section is given in Table 1. 


The major regional structural features in the quadrangle are the 
Mimbres Range, Cooks Range (a southern extension of the Mimbres 
Mountains), and the Lake Valley fault block. The Mimbres Range is 
essentially a much-faulted anticline of Paleozoic limestones, sandstones, 
and shale, and Tertiary and Quaternary volcanics and gravels, with 


TABLE 1. GENERALIZED STRATIGRAPHIC SECTION

OF LAKE VALLEY QUADRANGLE* 


Modified from Darton (1916, p 19) 


THICKNESS 
SYSTEM	 SERIES	 FORMATION (rnT)	 CHARACTER 


I Alluvium	 0-100 Soil, sand, clay, gravel 
Recent	 Terrace	 0-50 Sand, clay, and gravel form-


Lgravels ing stream terraces 
Quaternary Bolson deposits 0-1000 Sand, clay, and gravel 


Recent and Pleistocene (?) 0-200 Soil, sand, and gravel under-
Pleistocene gravels lying the surface of Pleisto-


cene (?) pediment 


Unconformity 


Pliocene- Santa Fe (?) 0-1500 Fanglomerate, fragmental 
Pleistocene (?) formation volcanic material, water laid; 


Tertiary consolidated sands and gravel 
Oligocene- Volcanics* 5000 ± Rhyolites, quartz latites, py 
Miocene (?) roxene andesites, basalts, and 


some	 of	 their	 fragmental 
equivalents 


Unconformity


U. Cretaceous Colorado 300	 Dark-gray, blocky shale with 
(Benton . shale impure, thin, dirty, buff lime-


Cretaceous Niobrara) stone and sandstone members 
Comanche Sarten 300	 Massive	 gray	 sandstone,	 in 


sandstone part quartzitic


'A more complete section of the volcanic rocks is given in Table 3. 
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TABLE 1 (continued). GENERALIZED STRATIGRAPHIC 

SECTION OF LAKE VALLEY QUADRANGLE* 


Modified from Darton (1916, p 19) 


Unconformity 


Permian (?) Wolfcamp- Lobo 80.180 Reddish	 shales	 and	 sand-
Leonard (?) formation stones, impure limestone, and 


cherty limestone conglom-
crate 


Unconformity 


Pennsylvanian Des Moinesian- Magdalena 30-160 Gray	 and	 dark	 limestone, 
Missourian group cherty	 limestone,	 white	 to 


buff chert, cherty limestone 
conglomerate 


Unconformity


Osagian Lake Valley 200-500 Light-gray limestone with 
formation shale members; cherty at top 


Mississippian and base; very fossiliferous 
Unconformity 


Kinderhookian Caballero 0-50 Interbedded green-gray shale 
formation and buff limestone; massive 


6- to 10-ft limestone layer at 
base 


Unconformity 


Devonian Upper Percha 150-175 Black fissile shale grading to 
Devonian shale green shale, with limestone 


lenses near top 
Unconformity 


Silurian Niagaran Fusselman 200-300 Massive, gray dolomitic lime-
limestone stone, pink at top 


Unconformity 


Ordovician Richmond- Montoya 50-300 Gray	 limestone	 with	 thick 
Trenton group cherty members; dark sand-


stone at base 
Unconformity 


Ordovician Canadian El Paso 500-850 Light-gray limestone, mostly 
group slabby,	 some	 massive	 algal 


beds 
Cambrian and Upper Cam- Bliss 100-150 Sandstone and sandy shale, 
Ordovician brian & Lower sandstone hematitic and glauconitic 


Ordovician


Unconformity 


Precambrian ---	 Granite	 --- Reddish, coarse-grained gran-
ite 


A more complete section of the volcanic rocks is given in Table 3. 







NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES 


minor intrusions, whose north-south axis coincides with that of the 
higher and much broader, but more complex, Black Range anticline. 
Cooks Range is a large fault block of Precambrian, Paleozoic, and Meso-
zoic rocks which have been intruded by a late Cretaceous or early 
Tertiary granodiorite plug It is cut off from the Mimbres Mountains on 
the north by a regional fault. The Lake Valley fault block is a large 
southeastward-dipping mass of Paleozoic limestones and shale which has 
been broken by minor faulting. The major faults of the region follow a 
general northwest strike, but some northeast-striking crossfaults are also 
present. Minor structural features do not appear to be distinctly related 
to the major structural trends. 


Structurally, the Lake Valley quadrangle lies on the border between 
the Colorado Plateau and Basin and Range structural and physio-
graphic provinces, in what has been described as a transitional zone 
between the two. In the words of Fenneman (1931, p 381): 


It [the structure of the region does not in the least conform to the simple con-
ception of the basin ranges, but in its complicated history of intrusion, faulting, lava 
flows, and various erosion cycles it resembles still less the horizontal plateau to the 
north. 


However, some of the Basin and Range features still prevail in the 
southern part of the quadrangle, especially in the major faults of Cooks 
Range. The northern part of the uadrang1e conforms more to the 
structural pattern of complex faulting and folding of the Southern 
Rocky Mountain province to the northeast, but since it has only one 
gentle ovcrall anticlinal structure, it cannot be classified as anything but 
a transitional zone which bears resemblances to all three provinces. 


THE ROCKS 
PRECAMBRIAN SYSTEM 


The Precambrian basement of Lake Valley quadrangle is exposed 
only in a small area at the extreme northern end of Cooks Range, where 
it consists wholly of granite. The massive, coarse-grained, pale reddish- to 
light greenish-gray rock is gneissic at places. It consists mainly of feld-
spar, quartz, chlorite, and iron oxides. Locally the rock is epidotized. 
Several rhyolite dikes of uncertain age cut the granite, and at places the 
coarseness of the rocks suggests that there was some formation of peg-
matites, probably in Precambrian times. Beyond the fact that it is Pre-
cambrian, the age relations of the granite are unknown. 


Microscopically, the granite consists of coarse, anhedral quartz, 
with subhedral microcline, orthoclase, and chlorite in an interlocked 
mass also containing minor epidote, apatite, and magnetite. Some of the 
feldspar crystals have been sericitized, leaving small grains of unaltered 
feldspar in large masses of sericite. Small masses and veinlets of sericite 
occur in other feldspar crystals. Some large microcline crystals have 
inclusions of quartz and chlorite. 


CAMBRO-ORDOVICIAN 
Bliss Sandstone 


Sandstone and quartzite beds which lie unconformably on Pre-
cambrian granite were correlated by Darton (1917-b, pp 24-35; 1928,
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pp 9-10) with the Bliss sandstone of the Franklin Mountains, on the 
basis of lithologic similarity and position in the section. 


Flower (1953) has shown that the Bliss sandstone of New Mexico 
contains a lower unit of Upper Cambrian age and an upper unit of 
lowermost Ordovician age. Up to the present time investigations of the 
Bliss sandstone in Cooks Range have supplied no evidence of the age of 
the formation there. 


The Bliss sandstone can be recognized readily by the characteristic 
dark weathering surface. Because of this feature it appears, when seen at 
a distance, as a broad black band, with the reddish Precambrian below, 
and the light brown to grey weathering El Paso limestone above. 


In Lake Valley quadrangle the Bliss sandstone crops out only in 
the northern part of Cooks Range, where it consists of about 90 feet of 
gray and purplish-black quartzitic sandstone. Bedding planes are lined 
with epidote. About 6 inches of arkosic grit lie directly on the Pre-
cambrian granite. A cream-colored 40-ft rhyolite sill occurs about 60 feet 
above the base. A rock closely resembling that in the sill also forms dikes 
in the Montoya group (Ordovician) and in the Precambrian granite. 
Flow structure is prominent at the base and top of the sill (see p1 3-A). 


A typical section of the Bliss sandstone in Cooks Range is as follows: 


SECTION OF BLISS SANDSTONE (NE1/4 NW1/4 sec. 11, T. 20 S., R. 9 W.) 


UNIT 
No. DESCRIPTION


THICKNESS 
IN FEET 


Base Sierrite limestone (El Paso group) 
10. Quartzite, purplish-black, fine-grained, hematitic, grading up into 


quartzite, gray, with streaks of hematitic material, grading back 
into purplish-black quartzite as at base 35.0 


9. Sandstone, pale creamy-buff, fine-grained 11.0 
8. Quartzite, purplish-gray, coarse-grained, hematitic, weathers dark 


brownish-purple 2.5 
7. Rhyolite sill, pale-cream, fine-textured, weathers pale grayish-buff. 


Basal 2 feet show lamination, green banding, spherulites, crumpled 
flow structure (378) 


6. Quartzite, purplish-black, coarse-grained, hematitic; in beds up to 
2 feet thick, interbedded with silty sandstone, very fine-grained, 
weathers greenish buff. Some epidotization on joint planes bedding 
surfaces 24.3 


5. Quartzite, purplish-black, coarse-grained, hematitic; bedding sur-
faces epidotized 7.1 


4. Quartzite, dark-green, coarse-grained, glauconitic 1.8 
3. Quartzite, purplish-black, coarse-grained, hematitic 3.4 


2. Quartzite, dark gray-green, coarse-grained,	 glauconitic;	 ripple 
marks at top 1.0 


1. Sandstone, gray, medium-grained, quartzitic; weathers brownish 
gray; about 0.5 feet of arkosic grit at base 7.9 


Unconformity 
Precambrian granite


Total	 (less sill) 94.0
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OluovICIAN SYSTEM 


El Paso Group* 


The El Paso group of lower Ordovician (Canadian) age lies con-
formably on the Bliss sandstone. It was first defined as a formation by 
Richardson (1908), but has been raised to group status by Kelley and 
Silver (1952). 


The El Paso limestone of New Mexico appears as a fairly homo-
geneous unit lithologically, though in any short interval limestones and 
dolomites of almost bewildering variety can be found. The lower part 
consists in general of thin-bedded lime muds, with a few lenses of lime 
sand. Many of the lime muds incorporated reworked algal fragments, 
pebbles from reworked beds, or both. 


In general, the upper portion is characterized by stromatolite reefs. 
Red weathering nodular chert is present at some horizons. Limestone 
pebbles in a lime-mud matrix, and occasional lenses of calcarenite con-
taining both pebbles and fossils, are common. There may be thin-bedded 
lime muds and layers with a fine detrital sand of fossil fragments upon 
their surfaces. But these lithological types recur and intermingle so 
freely, that previous attempts to divide the El Paso on the basis of the 
physical features of the strata have not met with any great success. 


Cloud and Barnes (1948) divided the El Paso of the Franklin 
Mountains and indicated the correlation of the various units in terms of 
the Llano uplift and the Ozark region. The Cooks Range section differs 
from that of the Franklins in several important respects. First, it is pos-
sible to recognize a lower Canadian interval, comprising the five lower-
most units. Second, the prominent horizons of dolomite and sand sepa-
rating the major division in the Franklin Mountains are absent here. 
Third, the most conspicuous interval in the El Paso section of Cooks 
Range is a black oolitic limestone (unit 7) , which is not developed in the 
Franklin Mountains. The Cooks Range section is the thickest so far 
studied in New Mexico, containing 831 feet in contrast to the 300-400 
feet of most other sections. The thickness of the El Paso limestone is con-
trolled largely by the extent of post-Canadian pre-Montoya erosion, 
which varies considerably among the New Mexico sections. In general, 
however, the El Paso is eroded to a point either shortly below or, at the 
most, just above the second Piloceras zone; in Cooks Range there are 
roughly 260 feet not found in other sections. 


Kelley and Silver (1952) differentiated two formations, the lower 
Sierrite limestone, and an upper Bat Cave limestone. These divisions, at 
first accepted by the writer, have proved to be no more than approxi-
mate. In the main, the Sierrite limestone embraces a thick interval of 
Gasconade (lower Canadian) age, but Kelley and Silver themselves have 
not been altogether consistent in drawing a boundary between these 
two units. This is shown plainly by the reported "Endoceras" in the 
Sierrite limestone, which indicates that they have included therein beds 
properly assigned to the lower Bat Cave limestone, but which resemble 


*Large portions of this and the following (Montoya group) sections, particularly 
those dealing with paleontology and correlation, have been supplied by Dr. R. H. 
Flower.
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the underlying Sierrite limestone lithologically, where obvious beds of 
stromatolites are lacking. 


The position of these divisions is indicated in the accompanying 
section. The precise position of the 198 feet of El Paso exposed at Lake 
Valley is uncertain. Its base lies clearly above the black oolite, but its top 
presumably is below the second Piloceras zone, unit 11 of the Cooks 
Range section. 
EL PASO GROUP—COOKS RANGE SECTION (S½ Sec. 17, T. 19S., R. 9 W.) 


UNIT	 THICKNESS 
No.	 DESCRIPTION	 IN FEET 


Montoya group (Cable Canyon sandstone) 
Unconformity 


Bat Cave formation 
14. Limestones,	 fine-grained, gray, stromatolitic, weathering light 


blue-gray, with interspersed beds of medium-grained, yellowish 
weathering gray dolomite and thin dark-gray to black, fine-grained 
blue gray weathering limestone near top. Piloceroids, endoceroids, 
brachiopods, large, low-spired gastropods, trilobite fragments, and 
abundant echinoderm fragments (upper Piloceras bed) 35.0 


13. Limestone, fine-grained, dark-gray to black, dominantly thin-
bedded, some fucoidal chert, weathers bluish gray. Algal nodules 
make up about a quarter of this limestone 80.0 


12. Limestone, fine-grained, dark-gray to black, with numerous detrital 
fossil fragments, dominantly thick-bedded, 3- to 6-foot beds, weath-
ers blue gray, some chert nodules; fauna poor, but in addition to 
algal fragments, gastropods, and small endoceroid siphuncles, there 
are trilobite fragments and small brachiopods. Trilobites include 
JeUersonia 70.0 


11. Limestone, fine-grained, dark-gray to black, with scattered grains 
of black crystalline calcite, thick .bedded, 3- to 6-foot beds, weathers 
light gray to light blue-gray, some chert nodules. Thin black oolite 
near top. Algal fragments, numerous sponges, piloceroid and endo-
ceroid siphuncles, small gastropods (second Piloceras bed) 30.0 


10. Limestone, fine-grained, dark-gray, thick-bedded, 3- to 6-foot beds, 
weathers light gray to light bluish-gray. Algal fragments, rare 
sponges, small slender calcite-filled endoceroid siphuncles, gastro. 
pods 55.0 


9. Limestone and dolomitic limestone similar to unit 8, without reefy 
masses. Some 4-foot layers of thin-bedded black oolitic limestone 
similar to unit 7. Beds become thicker, more massive than in unit 8. 
A few beds of nodular algal material in shaly matrix 40.0 


8. Limestone and dolomitic limestone, alternating cherty fucoidal 
and detrital calcarenite, with some stromatolitic reef beds 3-4 feet 
thick and associated pebble-filled fine-grained limestone. Cherty 
fucoidal limestones dominantly fine-grained, dark-gray to black, 
in layers 1-4 inches thick, weather light bluish-gray, wlth orange-
brown weathering chert; calcarenite dominantly light-gray, coarse-
grained, crystalline, in beds 6 inches to 2 feet thick, weathers pale 
gray-buff; reefy beds medium-gray, weather light blue-gray. Fossils 
in fucoidal beds are generally numerous tiny gastropods, flat-spired 
and low-whorled conical forms. Reef beds contain numerous algae 
and sponges 80.0 


7. Limestone, dark-gray to black, medium- to coarse-grained, sandy, 
oolitic, with scattered algal nodules and some pebbles. Weathers 
black to purplish black with reddish spots. Bedding 2 inches to 
1 foot. Grades laterally into algal reef at base. Isoteloides	 (?), 
"Lophospira," Wolungoceras (?), Protocycloceras, and euompha-
bid brachiopods resembling Lytospira 18.4
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6-b. Similar in lithological aspects to unit 6-a, but with more massive 
algal reefs, in which a variety of sponges (Archeoscyphia and 
Calathium) are abundant and conspicuous. Rare Diaphelasma, 
Jeffersonia, endoceroid and piloceroid siphuncles abundant, 
including Piloceras spp., Allopiloceras, a new genus homeo-
morphic with Cyrtendoceras, Clitendoceras, also Protocycloceras 
and Bassleroceras (first Piloceras bed)	 55.1 


6-a. Limestone and dolomitic limestone, typically light-gray, weather-
ing light bluish-gray with bright-orange fucoidal markings in 
many beds, in layers 6 inches to 2 feet thick, mainly less than 1 foot 
thick; occasional 1- to 3-foot layers of stromatolitic reef material, 
with coarse lime sand and pebble breccia in the interstices. Some 
of the stromatolitic masses are sufficiently intermittent that only 
lime sands and breccias will be encountered over considerable 
lateral intervals. The basal beds, particularly these lime sands, 
contain a large fauna, the conspicuous and largest elements of 
which are endoceroid siphuncles. Other fossils include Diaphe-
lasma pennsylvanicum, Hormotoma sp., "Rhaphistoma trochiscus" 
Meek, Ophileta, Ozarkispira (?), Hystricurus. Fragments suggest a 
considerable variety of trilobites, of which identifiable specimens 
have not been found. Natural sections of large trilobites are fre-
quently encountered in the thin calcilutites of this interval	 186.3 


Total Bat Cave formation	 649.8 


Sierrite limestone 
5. Dolomitic limestone, medium-grained, light-gray, with some fine-


grained and coarse-grained beds. Bedding 1 inch to 1 foot thick. 
Chert bands irregular, vermicular. Chert becomes nodular and 
fucoidal at top. Some beds sandy. Beds weather medium to light 
gray with bluish tinge. Fine-grained limestones contain conspicu-
ous fragments of large trilobites. Uppermost 10 feet contain thin, 
irregular lenses of algal limestone. Schizopea, Litospira 62.3 


4. Limestone similar to unit 2 lies directly above sill, lowest layers 
somewhat baked. Contains Symphysurina. These beds grade 
upward into beds similar to unit 3 45.9 
Granodiorite sill (40.0) 


3. Limestone, mostly fine-grained, medium-gray to light-gray, crystal-
line, in beds 3-6 inches thick. Chert 	 (i. e., siliceous seams)	 de-
creases, and finally disappears at top. Weathers light bluish-gray to 
gray buff, surface features vary; near base smooth, rounded, with 
chert reticulations, upper parts rough, pockmarked. Occasional 
beds of calcarenite, coarse-grained, light-gray, and lenses of lime-
stone pebbles and algal nodules. Algae, including Giruanella types, 
and	 form large also others which	 hollow and sometimes branching 
tubes, increase in prominence near top. Ectçnoceras 28.4 


2. Limestone, fine-grained, light bluish-gray to almost white, bedding 
1-3 inches thick, with numerous siliceous bands on bedding planes. 
Occasional well-dolomitized layers. Weathers light gray to grayish 
buff. Limestones contain abundant fragments of Symphysurina 24.7 


1-c. Similar to unit 1-a, more massive, with poorly developed siliceous 
seams, Lytospira, Ophileta, Clarkeoceras (?) 4.0 


1-b. Similar to 1-a, siliceous seams poorly developed, ovoid algal 
nodules in upper part 3.0 


1-a. Limestone, fine-grained, light-gray to pinkish-gray locally, weath-
ers light gray to tan or buff, massive. Actually thin-bedded, with 
numerous irregular siliceous seams, partly stylolitic, on bedding 
planes 13.0 


- Top Bliss sandstone


Total Sierrite limestone (less sill) 	 181.3 
Total El Paso group (less sill)	 831.1 
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EL PASO GROUP—LAKE VALLEY AREA (NW1/4 Sec. 11, T. 18 S., R. 7 W.) 


UNIT	 THICKNESS 


No.	 DESCRIPTION	 IN FEET 


Montoya group 
Unconformity 


Bat Cave formation 
2. Limestone, fine- to medium-grained gray, beds 3 inches to 3 feet 


thick, chert layers and nodules; nodules up to 12 inches long, 
1/2 inch thick, layers up to 1/2 inch thick, reticulate. Chert is gray. 
Limestone weathers gray with rounded, fairly rough surface, forms 
ledgy slope. Some beds are stromatolitic with some associated 
coarse-grained detrital calcarenite. Contains endoceroid siphuncles. 
Many thin beds of dark-gray calcilutite with a fauna of small 
gastropods and brachiopods 	 99.0

Dolomite, coarse .grained, olive-gray with red mottling, weathers 
olive buff to medium gray, with crackled appearance. Dolomitized. 
Surface weathers rough, with pockmarks, solution channels, holes, 
etc. Beds 1-3 feet thick	 99.0 


Base not exposed; formation in fault contact with Tertiary volcanics	 - 


Total Bat Cave formation	 198.0 


Montoya group 
The Montoya group of late Middle and Upper Ordovician age was 


defined first as a formation by Richardson (1908), and raised subse-
quently to group status by Kelley and Silver (1952) - Though the contact 
with the El Paso group beneath may appear locally conformable, an un-
conformity is evident from regional study; indeed, the upper part of the 
El Paso has been removed by post-Canadian pre-Montoya erosion to 
varying depths in different sections. 


The Montoya group consists of four formations: the Cable Canyon 
sandstone at the base, the Upham dolomite, the Aleman formation, and 
the Cutter formation at the top. The Cable Canyon formation consists 
typically of only a few feet of white quartzose sandstone, and is not pres-
ent in all sections. The Upham dolomite consists of massive dark 
weathering dolomites, in the lower part of which there may be abundant 
scattered sand grains. Advanced dolomitization is responsible probably 
for the absence of a clear division between the Upham dolomite and the 
overlying Aleman dolomite at many places. The Aleman dolomite is 
characterized, however, by abundant chert, which occurs in bands or in 
nodular masses. Associated with 'the chert is an abundant silicified fauna, 
mainly of brachiopods. The overlying Cutter formation is, in this area, 
a thin-bedded very fine-grained light-gray dolomite, in contrast with the 
coarse-grained dark-gray to black dolomites of the two underlying 
members. 


The customary assignment of the Montoya group to the Richmond 
division of the Ordovician rests primarily upon the silicified brachiopod 
fauna of the Aleman dolomite. Richardson (1908), however, pointed 
out that the lower Montoya (the present Upham dolomite) contains a 
fauna of quite different aspect. These beds he correlated with the Galena 
limestone (Trenton) of the Mississippi Valley. It is evident that the 
Richmondian age of this division is highly dubious.
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The section of the Montoya group exposed in Cooks Range is 
anomalous, particularly in its lower portion. 


The Cable Canyon sandstone consists of 30 feet of coarse-grained 
thick-bedded pale-gray sandstone with a dolomite matrix, weathering 
orange brown, underlain by 3-4 feet of fine-grained sandy limestone 
interpreted by Dr. Flower as derived from the underlying El Paso group. 
In the upper unit, the sand grains range from '/2 mm to 2 mm in diame-
ter, and are strongly rounded. Many, however, show an angular appear-
ance as the result of the development of secondary terminations. The 
percentage of dolomite matrix varies from 15 to 25 percent near the 
bottom, to almost 50 percent at the top. The upper contact is conspicu-
ously marked by an abrupt decrease in the percentage of sand. The lower 
unit of the Cable Canyon sandstone is typical; the upper is noteworthy 
for having yielded a Receptaculites and a Maclurites (or Maclurina). 
Both fossils are characteristic of the typical Upham dolomite. They indi-
cate that the Cable Canyon sandstone is only a basal sand of the Upham 
dolomite, and not a markedly older formation. 


In most sections of the Montoya group in New Mexico the overlying 
Upham formation is a massive dolomite, chert-free, with large scattered 
sand grains in the lower part. The section in Cooks Range is atypical. A 
peculiar feature of the lower part of the Upham in this area is the pres-
ence of beds of coarse granular calcitic limestone with a fauna of large 
isotelid trilobites and brachiopods, including Rafinesquina, Sower-
byella, and a Rhynchotrema very different from that found in the over-
lying Aleman formation. These are followed by an intervening coarse, 
medium-gray, crystalline dolomite with crinoid plates, and a sugary-
white to light-gray crystalline limestone, in the upper part of which 
calcite has replaced the shells of Zygospira and large convex Rafines-
quina. Faunally and lithologically, this is unlike the typical Upham 
dolomite of most of New Mexico and western Texas, and has, therefore, 
been designated Upham (?) dolomite. 


In general, the Aleman consists of thin-bedded gray to black fine-
grained dolomite, weathering to various shades of gray, and locally to 
tan. There are lenses and occasional thin beds of gray chert in layers 
2-6 inches thick. In most parts of the section the chert occurs as discon-
tinuous layers of nodules, but layering is particularly characteristic of 
the lower beds with the Dalmanella and Zygospira. The interlayering of 
chert and dolomite gives rock surfaces a striped appearance, the dolo-
mite weathering medium gray, the chert variably white, dark gray, and 
brown. 


The lower beds of the Aleman of Cooks Range have yielded only 
Dalmanella. In other sections in New Mexico abundant Zygospira and 
Cornulites are found in this same association. Higher beds contain a 
larger association of brachiopods, in which Flat ystrophia, Rafinesquina, 
and Rhynchotrema cf. capax are found, usually with a variety of other 
orthoid brachiopods and Streptelasma. The Cooks Range section is 
again anomalous in that, in unit 8, there are beds which are remarkably 
free from dolomite, and in which bryozoa and brachiopods are preserved 
in calcite, without the usual silicification. Unit 10 contains an excep-
tionally rich, but otherwise typical, association of silicifled brachiopods, 
in which Hebertella, Rhynchotreta, and Streptelasma are extremely 
abundant.
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The Cutter formation consists dominantly of light-gray, sublitho-
graphic dolomite, with scattered nodular chert. Its color and texture are 
characteristic and are not repeated in any other part of the lower Paleo-
zoic section. Bedding is 6 inches to 1 foot thick and may be obscure 
locally. White chert occurs in nodules 3-4 inches thick and 6-10 inches 
long. No fossils have been found within this formation in Cooks Range, 
but elsewhere the nodules have yielded silicified fossils. The Cutter is 
50 feet thick, and its contact with the overlying Fusselman is sharp. The 
formation crops out as a series of rounded ledges on a fairly steep slope. 


A fauna of Ordovician aspect discovered by Flower (Kelley and 
Silver, 1952) is the basis for assigning the Cutter formation to the Ordo. 
vician. This fauna is as yet largely unstudied, but contains certain ele-
ments (Flower, 1953-b, p 109) indicating a correlation within the 
Whitewater-Elkhorn portion of the Richmond. 


In contrast, the Lake Valley section of the Montoya group is more 
typical of the other New Mexico sections, and is also much thinner than 
that of nearby Cooks Range. Secondary silicification has attacked the 
Cable Canyon and Upham members to varying and erratic degrees. The 
silicified portions form broken and prominent ledges. A casual inspec-
tion of such sections gives the impression that extensive faulting has 
occurred, an impression which is found to be completely false upon 
closer examination. The Aleman division in this section is relatively 
thin and the faUnas meager, but it can be recognized by the character-
istic chert. The light-gray Cutter formation is typical. Anomalously, its 
contact with the overlying Fusselman dolomite is not clearly defined in 
the Lake Valley section. 


SECTION OF MONTOYA GROUP IN COOKS RANGE 
(SE1/4 sec. 11, T. 20 S., R. 9 W.) 


UNIT	 THICKNESS 


No.	 DESCRIPTION	 IN FEET 


Fusselman limestone 
Unconformity 


Cutter formation 
13. Dolomite, very fine-grained to sublithographic, in beds 6 inches to 


1 foot thick. Weathers pale gray to almost white, crackled 50.6 
Total Cutter formation 50.6 


A leman formation 
12. Dolomite, fine-grained, dark-gray beds 3 inches to 1.5 feet thick, 


weathers light gray to medium gray. Scattered nodules of dark-gray 
chert. Bedding planes show some worm markings 59.0 


11. Dolomitic limestone, medium-grained, medium-gray, thin-bedded, 
weathers light gray, massive, with a few chert nodules. Numerous 
silicified brachiopods weather out on bedding surfaces. Hebertella 
conspicuous, Platystrophia, Rhynchotrema, Streptelasma 10.8 


10. Dolomitic limestone, fine-grained, black, thin-bedded, weathers 
brownish gray, massive, fossiliferous. Rhynchotreta cf. dentata 
at top 3.0 


9. Covered, probably similar to unit 10 12.8 
8. Dolomitic to fairly pure limestone, fine-grained, black cherty, 


weathers brownish gray, thin-bedded, highly fossiliferous; abun-
dant bryozoa and brachiopods, poorly siliclfied 2.0 


7. Covered, probably similar to unit 8 10.8
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6. Dolomite, fine-grained, dark-gray, weathers medium gray, in beds 
3-6 inches thick interbedded with layers of dark-gray chert 1-3 
inches thick with scattered chert nodules. Uppermost beds contain 
Dalmanella 9L8 


Total Aleman formation 190.2 
Upham (7) dolomite 


5. Limestone, coarse-grained, crystalline, pale-gray to cream, weathers 
pale gray to creamy gray, bedding 6 	 inches to 1 foot thick. 
Zygospira and large convex Rafinesquina 6.4 


4. Dolomite, coarse-grained, medium gray, crystalline, in beds 1-3 feet 
thick, weathers light gray, contains some crinoid plates, some 
stylolites in lower beds 24.6 


3. Limestone with some dolomite, fine-grained, dark-gray to pur-
plish-gray, but with beds of coarse granular limestone. Fine-
grained beds contain black calcite crystals resulting from partial 
recrystallization. Thin- to medium-bedded (beds 6 inches to 2 feet 
thick) - Weathers dark gray with pockmarked surface and numer-
ous solution holes. Lowest 6 inches is reworked sandstone. Dolomite 
is slightly sandy for 10 feet above base. Rhynchotrema n. sp., 
Sowerbyella, large convex Rafinesquina, and isotelid trilobites 16.2 


Total Upham (?) dolomite 47.2 
Cable Canyon sandstone 


2. Sandstone with dolomitic matrix, coarse-grained, pale-gray to 
light-gray, weathers brownish gray to orange brown. Thick-bedded 
(beds 2-3 feet thick) - Most quartz grains are highly rounded, but 
may appear angular owing to secondary enlargement. Matrix 
makes up to 20-50 percent of the mass. Uppermost beds contain 
scattered Receptaculites 29.0 
Dolomite, sandy, fine-grained, lavender-gray, weathers medium to 
light gray, pitted, in beds 6 inches to 1 foot thick, sand grains sub-
angular to rounded, with many secondary terminations. Dolomite 
consists mainly of reworked material from immediately underlying 
beds. Becomes more sandy at top and grades into unit 2 4.0 


Unconformity 
Bat Cave formation (El Paso group)


sandstone
- 


Total Cable Canyon 
Total Montoya group


33.0 
321.0 


SECTION OF MONTOYA GROUP—LAKE VALLEY AREA 
(SW1% sec. 17, T. 18 S., R. 7 W.) 


UNIT	 THICKNESS 
No.	 DESCRIPTION	 IN FEET 


Fusselman limestone 
Unconformity 


Cutter formation 
5. Dolomite, very fine-grained to sublithographic, pale-gray to pale. 


brown, weathers creamy white and crackly. Upper 20-30 feet consist 
of an alternation of sublithographic dolomite with intergrading 
dolomite, medium- to coarse-grained, dark-gray. Bedding in both 
lithologic types 6-18 inches thick 77.0 
Aleman formation 


4. Dolomitic limestone, fine- to medium-grained, light-gray, thin-
bedded, weathers light olive-gray, some dark-gray chert on bedding 
planes, sparse brachiopods, including Hebertella, Platystrophia, 
Rhynchotrema, and "Streptelasma" 40.0 
Upham dolomite 


3. Dolomite, coarse-grained, light blue-gray, in beds 3-6 inches thick,
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with some dark-gray chert nodules, weathers olive gray, contains 
scattered Rhynchotrema 33.0 


2.	 Dolomite, medium-grained, dark-gray, in beds 1-3 feet thick, 
weathers dark gray 22.0 
Cable Canyon sandstone 


1.	 Sandstone with dolomitic matrix, coarse-grained, pale-gray, weath-
ers light gray, thick-bedded. Quartz grains subangular to highly 
rounded, but may appear highly angular as the result of formation 
of secondary terminations. Matrix makes up 20-50 percent of the 
mass. Irregularly silicified to form a rock similar to quartzite in 
appearance 33.0 


Unconformity 
Bat Cave formation (El Paso group) 


Total Montoya group 205.0 


SILURIAN SYSTEM 


Fusselman Limestone
Lying unconformably on the Montoya group is 200-225 feet of 


massive gray, hard, compact dolomitic limestone of Siluriari (Niagaran) 
age, called the Fusselman limestone. At Lake Valley the upper beds of 
this formation are silicifled and form the top and back slope of Quartzite 
Ridge, which is the northwest boundary of the main fault block. The 
section in this area, as given by Darton (1917-a, p 42) is as follows: 


UNIT	 THICKNESS 
No.	 DESCRIPTION	 IN FEET 


4.	 Limestone, pink	 12 
3.	 Limestone, light-gray, massive	 80 
2.	 Limestone, light-gray, with nodules of black and gray chert 	 40 
1.	 Limestone, light-gray, massive 	 80 


Total Fusselman limestone 	 212 


In Cooks Range the Fusselman limestone is the principal host rock 
to ores of lead, zinc, and silver. It crops out extensively along the road 
from Cooks to the top of the divide and along the slopes 2 miles to the 
north. The massive gray limestone is dolomitic, and generally hard and 
compact, though cavernous in places. The ore bodies occur in cavities a 
short distance below the overlying Percha shale. Silicification accom-
panied ore deposition; an earlier period of silicification, which formed a 
thick, fairly continuous layer of chert at the limestone-shale contact, is 
also in evidence. 


A few fossils were found in the Fusselman in Cooks Range. Near 
the base traces of large pentameroid brachiopods were found, which 
apparently are related closely to Pentamerus oblongus. These same large 
pentameroids were found to be highly silicifled in a fault block just east 
of the north-trending ridge which forms the north end of the range. 
Near the top of the formation occur smaller pentameroids, and the 
corals Heliolites sp. and Halysites sp. 


DEVONIAN SYSTEM 


Percha Shale 
In both the Lake Valley and Cooks Peak areas the Percha shale, of 


Upper Devonian age, lies unconformably upon the Fusselman lime-
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stone. In the Lake Valley area it is about 200 feet thick and consists of 
approximately 150 feet of black, fissile shale with some thin, dark-brown, 
shaly limestone partings (Ready Pay member), which grades upward 
into 50 feet of greenish-gray shale with limestone nodules up to 6 inches 
in diameter at the top (Box member) . At Lake Valley the Percha forms 
a broad valley on the back slope of the fault block. In Cooks Range it 
crops out at Cooks, on the northwest side of the peak, and at the base 
of the high ridge of Sarten sandstone to the south of the intrusive mass. 
In the valley north of Cooks Peak the limestone lenses which mark the 
Box member appear to be missing. However, outcrops are poor in this 
area, and the limestone lenses may be obscured by talus. 


The Percha in this region is Upper Devonian in age. Both in the 
Cooks Peak area and about 2 miles north of Lake Valley, 3-6 feet of 
reddish-brown and greenish siltstones occur at the base of the Percha. 
At one locality, north of Cooks Peak, Dr. A. L. Bowsher and the author 
discovered a conodont fauna in these siltstones. Dr. Otto Haas, of the 
U. S. Geological Survey, has identified these as Upper Devonian (Sly 
Gap) in age (Bowsher, personal communication, December 1951). In 
this particular area megafossils in the Percha proper seem to be lacking, 
so that no further light can be shed on the age of this formation there. 
However, Bowsher (personal communication, January 1952) has com-
mented that much of the fauna of the Box member of the Percha is 
found in the Upper Devonian of the western United States and Europe. 
A clymenoid ammonoid fauna in the Percha near Wilson's ranch is said 
by Miller and Collinson (1951) to indicate that the Percha is late Upper 
Devonian in age. Clymenoids are unknown in the Mississippian, unless 
the boundary between the Mississippian and Upper Devonian in Ger-
many is changed. This can be accepted as evidence of the Devonian age 
of the Box member. 


In Lake Valley quadrangle, the Percha is relatively unfossiliferous. 
Laudon and Bowsher (1949, pp 60, 76-80) have reported the following 
fauna from the Percha in the Lake Valley and Cooks Range areas: 
Lake Valley area: 


READY PAY MEMBER Box MEMBER 
Pugnoides Paurorhynca coo pen 


Pugnoides pugnus 
Syringojxra prima 


Cooks Range: 
READY PAY MEMBER Box MEMBER 


No fossils found Paurorhyncha coo pen 
Pugnoides 
Syningospira 
Spin/er 
Reticularia


Much more extensive Percha faunas have been found in the Hills-
boro area, 17 miles north of Lake Valley (Darton, 1928; Stainbrook, 
1947). 


MISSISSIPPIAN SYSTEM 


Caballero Formation 
In the Lake Valley area the Mississippian system is represented by 


two formations, the Lake Valley formation (Osagian) and the Caballero 
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formation (Kinderhookian) (Laudon and Bowsher, 1949). About 11/4 
miles north of Lake Valley the Caballero formation reaches a maximum 
thickness of 48 feet. This diminishes rapidly to the north and south, and 
the Caballero formation is absent at Lake Valley and at Wilson's ranch, 
2½ miles north of Lake Valley. The presence of the Caballero formation 
in Cooks Range was reported by Laudon and Bowsher in Bates, et al. 
(1942, pp 25); later the rocks there called Caballero were included by 
them in the Andrecito member of the Lake Valley formation, because 
"the fauna indicates closer affinities with the Lake Valley formation" 
(Laudon and Bowsher, 1949, p 74). 


The Caballero formation in the Lake Valley area consists of about 
6 feet of thin-bedded, crosslaminated sandy limestone overlain by 30-40 
feet of soft, gray, nodular limestone interbedded with soft gray shale. 
The Caballero is easily distinguished from the Percha, as the basal sandy 
limestone forms a prominent low scarp. A section of the Caballero for-
mation follows: 


CABALLERO FORMATION (SW1%NW1/4 sec. 20, T. 18 S., R. 7 W.) 


UNIT	 -	 THICKNESS 
No.	 DESCRIPTION	 IN FEET 


Lake Valley formation	 - - 
Unconformity 


4.	 Shale, limy, greenish-brown, weathers gray green to greenish buff; 
some limy layers up to 0.2 feet thick 8.0 


3.	 Covered; apparently similar to unit 2, with more numerous shaly 
layers 17.4 


2.	 Calcilutite, dark-gray, slightly shaly, in ledges 0.5-1.0 foot thick 
interbedded with green-gray to greenish-buff limy shale in layers 
up to 0.5 foot thick 5.0 
Calcarenite, medium gray-green to brownish, very sandy, shows 
crosslamination on a fine scale (2-3 inches)	 at base. Bedding is 
2-3 mm thick, some limonite stain on bedding planes near base; 
weathers green gray to brownish buff 6.3 


Unconformity 
Percha formation - 


Total Caballero formation 36.7


The fauna of the Caballero formation near Lake Valley is given by 
Laudon and Bowsher (1949, pp 58-59) as follows: 


Rhipidomella missouriensis 
Productina sampsoni 
Chonetes glen parkensis 
Schizophoria chouteauensis 
Dielasma sp. 
Camarotoechia sp. 
Rhynchopora hamburgensis


Spirit er platynotus 
S. gregeri 
S. louisianensis 
Cliothyridina tenuilineata 
Ambocoelia minuta 
Nucleospira rowleyi 


The formation has been dated by brachiopods and, in a locality in 
the Sacramento Mountains, by cephalopods (Miller and Youngquist, 
1947), both of definite Kinderhookian age. 


Lake Valley Formation 
At the type locality near the Lake Valley mining district the Lower 


Mississippian (Osagian) Lake Valley limestone is 200-225 feet thick. 
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In early reports it was divided into three main layers (from top to bot-
tom): the Crinoidal or "Hanging Wall" limestone, the Blue or "Foot-
wall" limestone, and the Nodular limestone. Ore deposits lie at the con-
tact between the Blue and the overlying Crinoidal limestone. More 
recently, Laudon and Bowsher (1949) have studied the Lake Valley for-
mation in detail. At this locality they have divided it into four members 
(from base to top): the Andrecito, Alamogordo, Nunn, and Tierra 
Blanca.	 - 


Near Lake Valley the Andrecito, which överlies the Caballero for-
mation unconformably, consists of 50-75 feet of thin-bedded, gray, cherty 
limestone with shaly partings. The Andrecito grades into 20-35 feet of 
massive, hard, black, Zaphrentis-bearing, cherty limestone, which weath-
ers pale blue-gray, the Alamogordo member. The Nunn member, 
65-100 feet thick, consists of somewhat nodular, blue-gray to greenish-
gray crinoidal limestone (criquina) and soft, similarly colored crinoidal 
marls. Wachsmuth and Springer (1899) have described a large fauna of 
crinoids from these beds. The upper part is more massive and is inter-
bedded with thin layers of brown and gray crinoidal limestone. Crinoids 
from these layers have been identified as early Osagian (Laudon and 
Bowsher, 1949). The Nunn lies conformably upon the Alamogordo, and 
grades upward into the medium-bedded, hard, gray to brown, coarse-
grained, cherty, crinoidal limestone of the Tierra Blanca member. 
Though the transition between the members is gradational, the author 
has been able to place the contact within a three-foot "transitional zone," 
where the beds still resemble the Nunn in aspect, but contain cherty lay-
ers. The chert is white and occurs in small lenses, 0.5-5.0 feet long and 
0.1-0.7 foot thick. This member is 50-55 feet thick. In the locality where 
the author measured a section, the Tierra Blanca is overlain unconform-
ably by 2-3 feet of limestone-chert conglomerate, presumably the base of 
the Pennsylvanian. In other areas the top of the member is not exposed, 
as the beds dip eastward under Tertiary lavas. 


In Cooks Range the Lake Valley formation is much thicker than at 
Lake Valley, totaling up to 450 feet as contrasted with 245 feet of section 
at Lake Valley. Table 2 gives the thicknesses of the various members in 
the three sections measured by Laudon and Bowsher in Cooks Range, 
and in two sections in the Lake Valley area, one measured by Laudon 
and Bowsher and the other by the author. It should be noted that the 
members of the Lake Valley formation vary in thickness over short dis-


PLATE 2. 


A. TOWN OF LAKE VALLEY IN 1954. COMPARE WITH FRONTISPIECE. NoTE 
THAT RAILROAD TRACKS HAVE BEEN REMOVED AND MANY BUILDINGS ARE GONE 
OR IN DISREPAIR. TRAILERS IN RIGHT CENTER ARE LIVING QUARTERS FOR 
MINERS IN NEWLY DEVELOPED MANGANESE MINING VENTURE. Picture by F. 
Kuelimer. 
B. THE LAKE VALLEY ESCARPMENT ONE MILE NORTH OF THE TOWN OF 
LAKE VALLEY. PERCHA SHALE (Dr), CABALLERO FORMATION (Mc), AND THE 
FOUR MEMBERS OF THE LAKE VALLEY FORMATION: MLV 1, THE ANDRECITO 


MEMBER; MLV2, THE ALAMOGORDO MEMBER; MLV3, THE NUNN MEMBER; 


AND MLV4, THE TIERRA BLANCA MEMBER. Picture by C. P. Valentine.
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tances. For example, in the section measured by the author in the Lake 
Valley area there are several differences in the thickness of the members 
as compared with the section of Laudon and Bowsher (1949, p 60) meas-
ured scarcely a mile away. The Nunn member especially shows a change, 
gaining about 40 feet of beds in that distance. Considerable changes in 
thickness also can be found in the Andrecito and Alamogordo members 
in the sections measured in Cooks Range. 


TABLE 2. COMPARATIVE THICKNESSES OF THE LAKE 

VALLEY FORMATION IN VARIOUS PARTS OF 

COOKS RANGE AND THE LAKE VALLEY AREA 


1	 2	 3	 4	 5 


Tierra Blanca	 35*	 25*	 50	 50	 60 
Nunn	 155	 146	 140	 65	 106 
Alamogordo	 50	 9	 13	 33	 23 
Andrecito	 133	 270	 130	 71	 56 


Total thickness	 373	 450	 333	 219	 245 
1. North Cooks Range Section, SW1%NEI/4 sec. 24, T. 20 S., R. 9 W. (Laudon and 


Bowsher, 1949, p 76). 
2. Middle Cooks Range Section, S center sec 24, T. 20 S., R. 9 W. (ibid., p 78). 
3. South Cooks Range Section, SWJ4 sec. 1, T. 21 S., R. 9 W. (ibid., p 80). 
4. Lake Valley Type Section, NE1,4NW1/4 sec. 21, T. 18 S., R. 7 W. (ibid., p 60). 
5. Lake Valley Section (Jicha), SW1/4 NW'/4 sec. 20, T. 18 S., R. 7 W. 


Does not include beds which are referred to the Kelly formation by Laudon and Bowsher 
These beds are included in the Lake Valley formation by the author. 


The fauna of the Lake Valley formation is large and varied. Many 
of the forms which have been found are undescribed. The most common 
forms found in the Lake Valley area (Laudon and Bowsher, 1949, 
p61) are:


ANDRECITO MEMBER 
Cyathaxonia arcuata Rhombopora 
Zaphrentis cliffordana Leioclema 
Rhipidomella missouriensis Hernodia 
Dictyoclostis fernglenensis Lichenotrypa 
Fenestella Thamniscus 
Penniretepora


ALAMOGORDO MEMBER 
Zaphrentis


PLATE 3. 


A. BASE OF RHYOLITE SILL IN BLISS SANDSTONE. DARK, SLABBY ROCK IS HEM-
ATITIC BLISS SANDSTONE. NOTE FLOW STRUCTURE AND CRUMPLING IN LOWEST 
TWO FEET OF SILL. 


B. SANTA FE (?) FANGLOMERATE IN BEAR SPRINGS CANYON. NOTE THE SUB-
ANGULAR NATURE OF THE PEBBLES AND COBBLES AND THE RAPID CHANGE IN 
PARTICLE SIZE FROM MEDIUM AT TOP TO LARGE IN NEXT BED, TO SMALL IN 
LOWEST BED. Picture by C. P. Valentine. 
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NUNN MEMBER 


Zaphrentis centralis 
Caninea arcuata 
Rhodocrinites wortheni 
Cactocrinus cf. C. multibrachi-


atus (?) 
Cactocrinus (?) cf. C. extensus 
Amphoracrinus divergens 
Steganocrinus pentagonus 
S. araveolus 
Physetocrinus lobatus 
Platycrinites peculiarie 
P. nodostriatus 
P. burlingtonensis 
P. subspinosus 
P. springeri 
P. pocilliformis


Eucladocrinus tuberosus 
Dictyoclostis fernglenensis 
Rhipidomella oweni 
Schzzophoria poststriatula 
Leptaena analoga 
Rhynchopora persinuata 
Spirit er rowleyi 
S. louisianensis 
Syringothyris texta 
Tylothyris novamexicana 
Athyris lamellosa 
Cliothyridina glenparkensis 
C. obmaxima 
Phillipsia Sam psoni 
P. obesa 


TIERRA BLANCA MEMBER 


Spin/er rowleyi	 Crinoid fragments 
Cliothyridina obmaxima 


In Cooks Range the most common forms (ibid, pp 74-80) are: 


ANDRECITO MEMBER 


SpinIer louisianensis 	 Spirit er vernonensis 
Dictyoclostis fernglenensis	 Platycrinites sp. 
Athynis lamellosa	 Zaphrentis 
Cyathaxonia arcuata	 Rhipidomella missouniensis 


NUNN MEMBER 


Steganocninus pentagonus 
Cactocrinus (?) cf. C. multi-


brach iatus 
A mphoracrinus divergens 
Platycninites spp.


Physetocrinus 
Rhodocninites 
Spirifer rowleyi 
Dictyoclostis fernglenensis 


TIEiu BLANCA MEMBER 


Spirit er rowleyi	 Crinoid fragments 
Cliothyridina obmaxima 


A typical section of the Lake Valley formation near Lake Valley is 
given below: 


LAKE VALLEY FORMATION—NEAR LAKE VALLEY 
(SWI/4 NW1% sec. 20, T. 18 S., R. 7 W.) 


UNIT	 -	 THICKNESS 
No.	 DESCRIPTION	 IN FEET 


Limestone-chert conglomerate (Pennsylvanian). Incomplete 
Unconformity 


Tierra Blanca member 
9. Limestone (calcarenite), purplish- to brownish-red, medium-


grained, possibly somewhat recrystallized. Contains white chert 
nodules, both rounded and elongate, 0.1-0.7 foot thick and 0.5-5.0 
feet long. Beds massive, up to 3 feet thick. Some beds highly fossil-
iferous (criquina or crinoidal coquina) . Weathers creamy gray


(3.0) 


57.7
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8. Transition zone; crinoidal calcarenite (criquina), gray, composed 
mainly of crinoid and bryozoan remains in a fine-textured matrix, 
weathers gray to brownish gray, contains white chert; grades into 
unit 9 3.0 
Nunn member 


7. Crinoidal calcarenite (criquina), gray, composed mainly of crinoid 
and bryozoan remains in a fine-textured matrix, weathers gray to 
brownish gray with some limonite staining. Interbedded with soft 
blue-gray marl. These beds are slightly more resistant and massive 
than those below	 .	 . 49.4 


6. Interbedded limestone and blue-gray crinoidal marl; limestone is 
gray, with pale-brownish tinge, fine-grained, forms ledges, with 
beds up to 0.3 foot thick, containing abundant crinoid and 
bryozoan remains and some brachiopods and corals 54.7 
Alamogordo member 


5. Calcilutite, dark brownish-gray to black, massive, weathers blue 
gray, beds up to 3 feet thick, some limonite along bedding planes, 
contains Zaphrentis	 .	 . 16.8 


4. Calcarenite, light amber-brown to orange-brown, weathers brown-
ish gray, contains many corals (Lithostrotion, Zaphrentis), in 
some areas highly crinoidal 6.2 
Andrecito member 


3. Calcilutite, dark grayish-brown, in layers up to 0.7 foot thick with 
thin (up to 0.2 foot thick) layers of brown marl; contains large 
numbers of dark-gray to black chert nodules, lenticular, up to 4.0 
feet long, 0.8 foot thick; limestone weathers pale, gray with some 
yellow-buff limonite stain; scattered crinoidal beds weathering 
pinkish gray 31.2 


2. Calcilutite, dark brownish-gray to black, slightly silty, some pinkish 
crinoidal layers, beds up to 1 foot thick, with thin partings of 
brown marl, weathers pale bluish-gray and pinkish gray 15.7 
Calcarenite, silty, dark purplish , to grayish-brown, crinoidal, sandy 
at base, grayish marl layer 2.0-2.5 feet 10.5 


Unconformity


Total Lake Valley formation 245.2


Kelly Limestone 


Laudon and Bowsher (1949, pp 74-78) have reported 15-30 feet of 
cherty crinoidal limestone without distinctive fossils overlying the 
Tierra Blanca member of the Lake Valley formation in the southern 
part of Cooks Range. These beds were tentatively referred to the Kelly 
limestone. The absence of faunal evidence, and the lack of any definitive 
break between the formations, has led the author to consider them to be 
part of the Tierra Blanca member of the Lake Valley formation, and 
they were so mapped. 	 . 


PENNSYLVANIAN SYSTEM 


Magdalena Group 


North of Cooks Peak is a section of 180 feet of Pennsylvanian sedi-
ments which are regarded as upper Des Moinesiass and lower Missourian 
by Bowsher (personal communication, February 1952). This section 
consists of chert, cherty limestone, and limestone containing Pennsyl-
vanian fossils. These sediments are referred to the Magdalena group. 
The following is a typical section of these beds: 
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MAGDALENA GROUP-COOKS RANGE NORTHWEST SECTION 
(SW1/4 sec. 25, T. 20 S., R. 9 W.) 


UNrr	 THICKNESS 


No.	 DEsciuFrIoN	 IN FEET 


Lobo formation (Permian?) 
Unconformity 


19. Limestone	 (calcilutite),	 grayish-brown,	 fine-grained,	 weathers 
light gray; contains remains of brachiopods, corals, bryozoans, 
gastropods 7.5 


18. Covered 7.4 
17. Limestone	 (caldilutite), dark-gray to black, weathers buff to 


orange brown, contains fusulinids in some layers 1.4 
16. Covered 8.5 
15. Limestone-chert conglomerate; calcarenite, medium-gray, contain-


ing pebbles of angular to subangular chert up to 0.5 inches in 
diameter; chert is mostly red; beds 1-2 feet thick 6.3 


14. Covered 2.5 
13. Limestone (calcilutite) , mottled green-gray and red-brown, weath-


en brown, unfossiliferous 1.4 
12. Limestone-chert conglomerate; calcarenite, medium-gray, contain-


ing numerous white and gray, subangular to subrounded chert 
grains up to 3 inches in diameter 5.5 


11. Covered 5.6 
10. Limestone (calcilutite), medium-gray, weathers light gray; con-


tains numerous interstitial patches of crystalline calcite; Mya-
lina (?) 20.4 


9 Covered 6.0 
8. Limy siltstone, purplish reddish-brown, with limonite streaks, 


weathers similar to original color, nonfossiliferous 5.8 
7. Limestone-chert conglomerate; calcarenite, medium-gray, massive, 


weathers brownish gray, with numerous pebbles of white chert, 
mostly subangular. Chert resembles that found in underlying beds 23.9 


6. Covered slope with float of white chert. Chert is dense, fine. 
grained, weathers yellow buff 35.8 


5. Limestone (calcilutite) , black, with some large crystals, in massive 
beds up to 2 feet thick; most only 0.5 foot thick; upper layers 
become cherty; top is mainly yellowish-white chert with limestone 
nodules; limestone weathers medium gray 24.2 


4. Limestone (calcarenite), dark purplish-gray to black, some red 
mottling, weathers light gray with some brownish layers; thin-
bedded, abundant fauna mainly of brachiopods 7.3 


3. Limestone (calcilutite), black with red mottling, weathers blue 
gray with occasional limonite streaks, massive, nonfossiliferous 1.8 


2. Covered 17.4 
1. Limestone	 (calcilutite), dark-gray, very cherty; chert is white; 


gives aspect of buff layer owing to weathering 11.6 
Unconformity 


Lake Valley formation (Mississippian) - 
Total Magdalena group 182.9


On the east and south sides of Cooks Range the Pennsylvanian has a 
thickness of 40-80 feet and consists of limestones and chert conglom-
erates with limestone matrices. These beds were originally c9rrelated 
with the Gym by Darton (1916) , but later examination of the fossil evi-
dence makes it appear that they are Pennsylvanian. Bowsher (personal 
communication, February 1952) has examined fossils from the section 
north of Cooks Peak, and states in his report: 
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I believe that only Pennsylvanian strata are represented above the Lake 
Valley formation and below the Lobo formation. Mr. Jicha submitted his col-
lection as Permian, but I believe that it is Pennsylvanian in age because (1) 
there are no fossils in the collection characteristic of the Permian, (2) strata 9 
feet below (Bed 17) contain fossils characteristic of Middle Pennsylvanian 
strata, and (3) there is no stratigraphic break between the beds containing 
the collections. 


The following fossils have been identified in the collections by 
Dr. A. L. Bowsher and are presented here with his comments through the 
courtesy of the U. S. National Museum: 


Collection 185 A—Bed 4 (of measured section) 
indet. Coral 
Phricodothyris? sp. indet. 
Spirifer occidentalis Girty 
Corn posita cf. C. argentea (Shepard) 
Derbya cf. Derbya crassa (Meek and Hayden) type 
Chonetina cf. flemingi (Norwood and Pratten) 
Dictyoclostus cf. D. portlockianus (Norwood and Pratten) 
Dictyoclostus cf. D. portlockianus var. crassicostatus Dunbar and 


Condra 
Linoproductus ? gen. and sp. indet. 
Buxtonia ? gen. and sp. indet. 
Punctospirifer kentuckyensis (Shumard) 
Dielasma ? a large specimen, gen. and sp. indet. 


Spinier occidentalis Girty is the only diagnostic fossil in this collection; 
this species is common in the Cherokee shale of Oklahoma and equivalent 
strata elsewhere. These strata in New Mexico were called the Armendaris 
group by Thompson (1942). This form is confined to Atokan and Des-
moinesian strata. The remainder of the fauna resembles forms common to 
upper Desmoinesian and lower Missourian strata; therefore, I favor consider-
ing the strata from which the above fossils were obtained as middle Des-
moinesian in age. 


Collection 185 I—Bed 17 (of measured section) 
Triticites cf. T. springervillensis Thompson, Verville, and Bissell 


This form resembles T. irregulanis Staff and T. phymaeus Dunbar and 
Condra. Fusulinids of similar stage of evolution having very thin walls, small 
proloculus, weak septal fluting along the axis only, short axis of coiling and 
small size, etc., characterize the lower Missourian strata of North America. 
Thompson (1942, p 61) notes that forms in the Coane formation of the 
Veredas group are questionably primitive forms of the genus Triticites. This 
statement adequately applies to the forms in this collection. Although I have 
been unable to get ample sections of this form, I believe that these fusulinids 
are from strata belonging to the Veredas group of New Mexico, and equiva-
lent in age to those of the Kansas City group of Oklahoma, Kansas, and Mis-
souri and to the upper part of the Oquirrh formation of Utah. 


Collection from Bed 18 (of measured section) 
Batostomella ? sp 
Indet. productid 
Euomphalus? gen. and sp. indet. 


None of the fossils in this collection is diagnostic and no age determina-
tion is possible.
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On the basis of the above evidence the beds formerly classed as 
Gym (Darton, 1916, 1926, 1928) in Cooks Range are referred to the 
Pennsylvanian. Further research into this problem is necessary. The 
Pennsylvanian and Permian stratigraphy in the southwestern part of 
New Mexico appears to need intensive study. 


The Pennsylvanian crops out on the margin of the Cooks Peak 
intrusive south and west of Cooks, in the high ridge of sediments which 
rises above the intrusive on the south, and on the face of the large faulted 
block of Sarten sandstone and other rocks about 2 miles north and east 
of Cooks. 


PERMIAN (?) SYSTEM 


Lobo Formation 
The Lobo formation, which occurs only in the Cooks Peak area of 


Lake Valley quadrangle, is known to thicken to the south, but appar-
ently it pinches out to the north, as it has not been identified in any 
locality north of Cooks Range. It was classified as Triassic (?) by Darton 
(1916, pp 39-41). Data from subsequent investigations, however, make 
it more probable that this formation is the equivalent of the Abo forma-
tion,, of Permian age, which it resembles both lithologically and in 
stratigraphic position. 


In Cooks Range the Lobo formation ranges in thickness from 80 
to 150 feet and consists of reddish-brown sandstones and shales, and 
chert conglomerates with limestone matrix. At one point on the ridge 
south of Cooks Peak this conglomerate is almost 50 feet thick. A general 
section of the formation in Cooks Range is as follows: 


UNIT	 THICKNESS 
No.	 DESCRIPTION	 IN FEET 


4.	 Sandstone, greenish-buff	 0-20 
3.	 Chert conglomerate, limestone matrix 	 20-50 
2.	 Shale, red	 40-50 
1.	 Chert conglomerate, limestone matrix 	 10-15 


The formation appears to be thickest in the area just north of 
Cooks Peak. A measured section in this area is given below. 


Correlation. As described by Darton (1916), the Permian system 
in the Deming area of southwestern New Mexico consists of the Gym 
limestone of Lower Permian age. Although the Gym is not known to be 
represented in Lake Valley quadrangle, some problems of its correlation 
merit discussion here. 


Restudy by the author of the fauna! lists of the Gym, Hueco, and 
Chupadera formations indicates that the Gym fauna (Darton, 1916) is 
probably more closely allied to that of the Hueco limestone (Darton, 
1928) than to that of the Chupadera formation. Not one characteristic 
Leonard fossil has been found in the so-called Gym limestone. Distinc-
tive Leonard forms are found in the Chupadera formation. It is probable 
that Girty's original idea (Darton, 1916) is correct, that the Gym fauna 
resembles that of the Hueco limestone. This conclusion was' rejected by
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Darton (1926), apparently on the ground that the Abo formation was 
the base of the Manzano group and, therefore, as the group was then 
defined, the base also of the Permian. It became necessary, therefore, to 
place the Gym limestone above the time of the "missing" Abo formation. 
King and Read (King, 1942, pp 16-17) have demonstrated that the base 
of the Abo is not the base of the Permian, but rather that part of the 
underlying upper Magdalena group is basal Permian in age. This, 
together with the known fact that in places tongues of the Hueco lime-
stone underlie the Abo, suggests that the Gym limestone can be corre-
lated with either or both of these sets of beds. Though condusive evi-
dence is lacking, the author is of the opinion that the Gym limestone is 
not younger than Wolfcamp in age. 


The Lobo formation was classified by Darton (1916, 1926, 1928) as 
Triassic (?) on little evidence other than its position above the supposed 
"Chupadera equivalent" and below the Lower Cretaceous Sarten sand-
stone, and the widespread occurrence of red beds in the Triassic. The 
author believes that the Lobo formation is probably the equivalent of 
the Permian Abo formation. This conclusion is based not. only on the 
resemblance of the Lobo formation to the Abo in other areas, but also 
on its position directly above the Pennsylvanian beds in Cooks Range. 
On the basis of the Abo flora and the fauna of the dolomites and lime-
stones which are equivalent to the Abo in the southeastern part of 
New Mexico and west Texas, King and Read (1942, pp 16-17) have 
stated that the Abo is probably upper Wolfcamp and lower Leonard in 
age. Skinner (1946) agrees with this conclusion. A Wolfcamp and lower 
Leonard age for the Lobo would be consistent with the age of the Gym 
limestone as here postulated. It is also possible that the Gym may be 
representative of the facies change in the Abo which is represented 
farther east by the Hueco limestone (Thompson,. 1942, p 20, p1 II). It 
should be noted that, according to Kelley and Bogart (1952), there is 
considerable doubt as to the existence of a discrete Gym formation. The 
beds referred to the Gym at the type locality have been found to include 
several formations: Fusselman, Percha, and some beds of Pennsylvanian-
Permian age. It is the Pennsylvanian-Permian (probably Hueco) fauna 
from this locality which was the basis for the proposal to regard the Gym 
limestone as a formation. Thus, the Gym formation should be redefined. 
No definite proof has been found as to the actual age of the Lobo forma-
tion, based on its stratigraphic position and lithology, but it is here 
classed as .Permian (?) for the reasons given above. 


LOBO FORMATION—COOKS RANGE NORTHWEST SECTION 
(SW1,4 sec. 25, T. 20 5., R. 9 W.) 


UNIT	 THICKNESS 
No.	 DEScIUPTION	 IN FEET 


Sarten sandstone (Cretaceous) 
Unconformity 


11.	 Shale, arenaceous, red	 6.0 
10.	 Sandstone, yellow-brown, fine-grained 	 4.0 
9.	 Shale, arenaceous, red	 12.0 
.8.	 Sandstone, brown, fine-grained, thick-bedded 	 9.0 
7.	 Shale, arenaceous, red	 35.0
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6. Covered 5.0 
5. Limestone and limestone-chert conglomerate; calcarenite, dark-


gray, weathers brown gray, with pebbles of white, gray, and red 
chert up to 1/2 inch in diameter 14.5 


4. Sandstone, red-brown, fine-grained, massive 0.5 
3. Limestone-chert conglomerate; calcarenite, medium-gray, with 


white, gray, and red, mostly angular to subangular, chert pebbles 
up to 4 inches in diameter 18.2 


2. Covered; lower 12 feet has limestone float; limestone is calcilutite, 
mottled dark brownish-purple, nonfossiliferous, weathers blue 
gray 34.8 


1. Limestone-chert conglomerate; calcarenite, medium- to dark-gray, 
with numerous fragments of white, gray, black, and red sub-
angular to subrounded chert from 0.1-1.0 inch in diameter 11.6 


Unconformity 
Beds of Pennsylvanian age - 


Total Lobo formation 150.6 


With a few minor exceptions, the Lobo formation crops out wher-
ever the Pennsylvanian is encountered in Cooks Range. 


CRETACEOUS SYSTEM 


Sarten Sandstone 
The Sarten sandstone, of Lower Cretaceous (Comanchean) age, 


consists of 300 feet of light-gray, massive sandstone, mostly quartzitic or 
very hard. In many areas, especially where the beds are somewhat slabby, 
broken blocks show concentric color banding by reddish iron stain, and 
some iron mineralization (hematite) occurs along joints and bedding 
planes. This resistant formation forms the capping layer on a high 
hogback south of Cooks Peak, and on a large fault block which forms a 
high ridge and covers a broad area north and east of Cooks. Small out-
liers also occur in the region directly north of Cooks Peak and on the 
highest points in the sedimentary belt on the eastern margin of the 
intrusive. 


This formation was correlated by Darton (1917-b) with the Bear-
tooth quartzite of the Silver City area. Its accepted age is Fredericksburg 
(Lower Cretaceous) (Cobban and Reeside, 1952), although Lasky 
(1947, p 24) has attempted to correlate it with the Corbett sandstone of 
the Little Hatchet Mountains, which is upper Trinity in age. The fauna 
of the Sarten, as determined by T. W. Stanton from Darton's collection 
in sec. 17 (?),T. 12 S., R. 8 W., in the southern part of Cooks Range, is 
as follows: 


Cardita belviderensis Cragin Ostrea sp. 
Cardium kansasense Meek Nucula sp. 
Protocardia texana Conrad Trigonia sp. 
P. quadratus Cragin Lunatia sp. 
Tapes belviderensis Cragin Cyprimerta sp. 
Turritella aff. T. seriatim- Anchura sp. 


granulata Roemer


This collection was made from limy beds not far below the middle of the 
formation (Darton, 1916, p 44). Fossils are rare, and the author was 
unable to find any in the areas which he mapped. 
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Colorado Shale 
The Colorado shale is a dark-gray to black, blocky shale with inter-


bedded thin layers of buff sandstone, sandy shale, and dark blue-gray 
limestone which weathers brownish buff. About 30 feet of slabby sand-
stone appears about 75 feet above the base of the formation. This forma-
tion is of Upper Cretaceous (Benton) age and was deposited consid-
erably later than the Sarten sandstone, upon which apparently it rests 
conformably. 


Small outcrops of the Colorado shale appear in the synclinal valley 
south of Cooks, where streams have cut down through the alluvium to 
expose the underlying bedrock. 


A large molluscan fauna was collected by A. L. Bowsher and 
the author from a shale exposure along the road to Cooks, at 
E½SW¼NE¼ sec. 30, T. 21 S., R. 8 W. The following faunal list is 
provided through the courtesy of Dr. J . B. Reeside, Jr., of the U. S. 
Geological Survey:


Gryhaea newberryi Stanton 
Lucina juvenis Stanton 
Aj?orrhais prolobiata White 
Cinulia sp. (n. sp.?) 
Romaniceras n. sp. aff. R. loboense Adkins 
Reocardisceras septimseriatim (Cragin) 
Parapusosia ? n. sp. 


The following additional forms were collected at the same locality 
by R. H. Flower and the author, and identified by Dr. Flower: 


Acanthoceras? kanadense Stanton 
Baculites cf. gracilis Shumard 
Buchicheras cf. swallovi Shumard 


Another collection from 50 feet above and north of the road to Cooks, at 
the center of the north line of sec. 30, T. 21 S., R. 8 W., has yielded 
Gryphaea newberryl Stanton and Inoceramus labiatus Schlotheim. 
These fossils were identified also by Dr. Reeside. He indicates that the 
two collections are from beds equivalent in age to the Greenhorn lime-
stone of the Plains region (i. e., lower Turonian of the European 
sequence). These beds are probably the equivalent of the Colorado 
shale of Stanton (1893). 


TERTIARY SYSTEM 


In the Old Hadley (Graphic) mining district, about 3 miles south 
of Cooks, there is a small outcrop of dark micaceous sandstones, greenish-
gray shales, and coarse conglomerates, which are probably older than 
the volcanics. They are surrounded entirely by volcanic rocks, but the 
conglomerates contain pebbles representative only of the Paleozoic and 
Mesozoic sediments which crop out nearby. Further evidence of the age 
of the conglomerates is lacking. Since, however, the postvolcanic 
Santa Fe (?) formation contains little but detritus from the tuffs and 
lavas in the area, and since this conglomerate, which is of similar litho-
logic nature, contains none, it is assumed that these sediments are 
prevolcanic.
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Santa Fe (?) formation 
A thick series of fanglomerates and water-laid fragmental volcanic 


material is correlated tentatively with the Santa Fe formation, as it 
resembles the rocks of Santa Fe age in other areas. Though no fossils 
have been found, the beds are thought to be of Pliocene-Pleistocene age. 
They are mainly valley fill formed during and after a period of uplift 
which marked the end of the principal period of volcanic activity in the 
Lake Valley area. The Santa Fe (?) formation is exposed in a broad 
outcrop area, which runs for 12 miles from the south-central part of the 
quadrangle in a northwesterly direction parallel to the edge of the area 
where the earlier volcanics are exposed. At its widest point perpendicu-
lar to the general strike the Santa Fe (?) outcrop is over 4 miles wide. 
North of Cooks Range this formation is the only one along the western 
boundary of the quadrangle for a distance of almost 8 miles. 


The Santa Fe (?) formation in Lake Valley quadrangle consists of 
three main facies: 


1. Fanglomerates: These rocks are pale yellow-buff in color and 
vary from very coarse conglomerates to medium-grained sandy layers. 
The conglomerates, which were probably formed as alluvial fan 
deposits, contain, in a matrix of quartz sand, angular to subangular 
pebbles of almost every volcanic rock exposed in the northeastern por-
tion of the quadrangle. The pebbles and cobbles of the earlier rocks 
generally are more highly rounded than those of later rocks. However, 
the distance from outcrop must also be considered. 


Some of the beds show graded bedding, but the fragments are 
largely unsorted. Near Cooks Range a few fragments of sedimentary 
rocks, and even the intrusive granodiorite porphyry, have been found. 
Though consolidated, the fanglomerates are fairly soft and friable, and 
weather into a series of low hills. The dips are almost uniformly to the 
southwest at angles ranging from 10 to 25 degrees. However, one small 
dome and several minor faults which cause dip variations occur in the 
fanglomerates. Fanglomerates are exposed in the two- or three-mile wide 
belt closest to the northeastern volcanic area. A small outcrop of fan-
glomerate may be seen also on the road from Barenda Creek to Macho 
Creek, south of the Nellie Latham ranchhouse. 


2. Water-laid fragmental volcanic material: This type of "fan-
glomerate" crops out for a distance of 5 miles west of the drainage divide 
and north of secs. 25 and 26, T. 19 S., R. 9 W. This rock is very similar 
to the fanglomerates described under (1), except that it is slightly more 
consolidated and darker buff in color. However, the matrix is made up 
almost entirely of fragmental volcanic material rather than the quartz 
sand found in the normal fanglomerate. The higher degree of consoli-
dation is easily attributable to this feature, as the decomposition of such 
material, especially feldspars, would yield a large amount of calcium 
carbonate and some silica and clay. The considerable quantity of aikosic 
material present seems to indicate a relation in time to the formation of 
tuffaceous deposits of Santa Fe age in other parts of New Mexico. It is 
possible that some penecontemporaneous volcanic activity is responsible 
for these tuffaceous deposits. It may also be a simple result of the weath-
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ering of some of the large masses of tuff found in parts of Lake Valley 
and Dwyer quadrangles. 


3. Highly indurated fanglomerate: These rocks are reddish brown 
to reddish pink, and are made up of boulders, cobbles, and pebbles of 
many types of volcanic rocks, in a highly indurated arkosic matrix. The 
enclosed fragments range in size from pebbles to large boulders more 
than 6 feet in diameter. When first seen, these rocks were thought to 
represent some type of agglomeratic rock; later evidence, including the 
bedded nature of the rocks, the sorting of the material, and the high 
degree of conformity to the rest of the Santa Fe (?) rocks, made this 
improbable. It is more likely that the rocks have undergone some action 
by hot springs or other waters, which caused them to become indurated 
after deposition. In one area, at the extreme north end of the outcrop 
belt, this rock looks as though it has been intruded by a red-brown 
rhyolite. Bedding is absent, and the whole rock appears to be one mass, 
with angular inclusions of numerous other types of volcanic rock, which 
are much more widely separated than one would expect to find in a fan-
glomeratic rock. The rock has not been examined microscopically. This 
area may have been a center of hot springs activity during the time of 
induration of the rock. 


These highly indurated rocks form massive cliffs in the area just 
northeast of Cooks Range, west of Mule Springs Peak. They are exposed 
about 1 mile southwest of the Lee McKinney ranchhouse, and extend 
from this point to about 2½ miles north of the granite outcrop at the 
northern end of Cooks Range, and as far east as Mule Springs Peak. 


W. E. Elston (personal communication) has indicated that the 
Santa Fe (?) conglomerates are fanglomerates deposited from uplifted 
masses, and has been able to delineate, to some extent, the outlines of 
the fans and the directions from which they were deposited in Dwyer 
quadrangle. This follows closely the picture presented by Heindl (1952) 
of the deposition of the Gila conglomerate in Arizona. Though the pre-
vailing westward dip in Lake Valley quadrangle and the width of 
outcrop would indicate a total thickness of 10,000 feet for the Santa 
Fe (?) rocks, such a thickness is thought to be much too great. There is 
no evidence to show that such a large amount of subsidence occurred 
during the deposition of the Santa Fe (?). It is also found that outliers 
of pre-Santa Fe (?) volcanic rocks occur in places where the maximum 
subsidence should have taken place if the formation is very thick. If the 
deposits were laid down as fans, which is probable, a wide belt of uni-
formly dipping sediments of not very great thickness could be formed. 
The details of the deposition of the Santa Fe (?) .formation are unknown, 
but it is probable that the thickness of the Santa Fe (?) does not exceed 
1,500 feet in Lake Valley quadrangle. 


Correlation. This series of fanglomeratic rocks is correlated tenta-
tively with the Santa Fe formation. Derry (1940), in his study of the 
latter formation near Santa Fe, has assigned it to the Miocene and Plio-
cene, using the age determination of Frick (1937, p 6). Smith (1938, 
pp 957-958) refers the Santa Fe to the Pliocene, and possibly Upper 
Miocene, in Abiquiu quadrangle, where it is underlain by the Abiquiu 
tuff of possible Upper Miocene age. Derry (1940, p 680) states:
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The name Santa Fe formation is now used for those deformed and pre-
dominantly fluviatile deposits of the Santa Fe region that contain the verte-
brate fauna. Similar deposits which contain a few vertebrate remains are 
found throughout the Rio Grande depression in New Mexico and correlated 
with the type region (Bryan, 1938, p 205). These deposits are probably the 
equivalent of the Gila conglomerate of southern Arizona (Gilbert, 1875; 
Knechtel, 1936). 


Similar gravels in the Silver City region have been correlated with 
the Gila (Paige, 1916, p 6), which is considered to be Pliocene-Pleisto-
cene (Knechtel, 1936, p 87). That the conglomerates in Lake Valley 
quadrangle are at least partly equivalent to the Gila or the Santa Fe is 
suggested strongly by their relation to the postrhyolitic period of 
diastrophism, which they postdate. The fact that they have been dis-
turbed also by later (Pleistocene?) deformation places them in a strati-
graphic position similar to that occupied in time by the Santa Fe and 
Gila conglomerates. Indeed, such gravels are found in this part of the 
column almost throughout the Basin and Range province. It is, there-
fore, considered that the fanglomerates in Lake Valley quadrangle are 
Santa Fe equivalents. 


Other Sediments 
Scattered small lenses of fine and coarse sandstones and conglom-


erates are found in the tuffaceous members of the volcanic series. These 
probably represent the sites of old stream channels which developed as 
a result of erosion between periods of volcanic activity. One such lens, 
in the Razorback formation (nontuffaceous), has been mapped (pl 1). 


QUATERNARY SYSTEM 


Pleistocene (?) Gravels 
These gravels are defined as those deposits which underlie an old 


land surface thought to have formed late in Pleistocene time. In places 
parts of the surface still remain undissected and form the tops of low 
hills. At other places the gravels are true pediment gravels, lying not 
far above the bedrock surface. These deposits have been distinguished 
from the bolson deposits which form the present plains by the fact that 
they stand out above the latter deposits. They lap up on the Santa Fe (?) 
formation and on several areas of volcanic rocks at a level which is from 
50 to 150 feet above the present base level, and are now in a state of 
rather marked dissection. The deposits are thought to have been laid 
down late in Pleistocene time when the base level was considerably 
higher, and a mature stage of erosion had developed in this part of south-
western New Mexico. Uplift at the end of Pleistocene time is thought to 
be responsible for the rejuvenation of the region and erosiOn of the 
gravels. This unit is designated Qtg 1 on the geologic map (p11). 


Terrace Gravels 
Along some of the major streams in the area there is a terrace level 


from 10 to 100 feet above the beds of the streams, the variation depend-
ing upon where along the length of the streams the terrace is located. 
Ftrther up the streams the terrace level is higher. These terrace deposits
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are made up mostly of unconsolidated sands and gravels. Some of them 
have a thin soil cover. In many areas the terraces are rock-defended and 
delineate the extent of some of the meander channels of the streams. 
Some of the terraces are cut in the Pleistocene (?) gravels mentioned 
above, and must therefore be younger than the gravels. They are thought 
to be early Recent in age and to represent parts of old channels of the 
now more deeply incised streams. These gravels are designated Qtg 2 on 
the geologic map (p11). 


There are also some very recent terraces which represent the latest 
downcutting of the streams in their present channels. These terraces are 
mostly sand-covered, average only 5-10 feet high, and are probably of 
ephemeral nature. They have been included, therefore, under the gen-
eral term Quaternary alluvium. 


Talus 
In many areas where there are steep scarps, masses of large broken 


blocks occur at the base of the scarps. These blocks have broken from 
the face of the scarp by Recent erosion. They have been mapped sepa-
rately from other alluvium under the designation Talus (Qt). 


Bolson Deposits and Alluvium 
On the flat bolson plains in the southeastern part of Lake Valley 


quadrangle there are many deposits of sand, gravel, and clay now being 
incised by the present streams. Along the lower flats and in the stream 
beds are some deposits of Recent alluvium, but these cannot be sepa-
rated from the earlier deposits. However, slope wash, talus, and accumu-
lations of detrital material in stream beds which cut through areas of 
high relief have been classified as Recent alluvium. Bolson deposits and 
alluvium have been mapped together under the symbol Qal, as they 
cannot be separated conveniently from each other. 


The maximum thickness of the bolson deposits in the intermontane 
areas is unknown. Alluvium ranges in thickness from a few feet to sev-
eral tens of feet. The age of the bolson deposits is probably Pleistocene 
and early Recent.


SUMMARY 


A total of about 3,000 feet of Paleozoic and Mesozoic sediments has 
been measured in the Cooks Range area of Lake Valley quadrangle, 
where the most complete section is exposed. This is not an exceptionally 
thick sedimentary pile, especially when it is considered that the forma-
tions include representatives of parts of nine geologic periods. Of these, 
the Ordovician is represented by slightly more than 1,100 feet, more 
than one-third of the total. The remaining eight periods, with the 
exception of the Cretaceous, are each represented by 300 feet or less of 
section. 


Throughout the Paleozoic era, the part of southwestern New 
Mexico in which Lake Valley quadrangle is located was a fairly stable 
area. It was an area where apparently less than 1,000 feet of subsidence 
occurred during any given period of the Paleozoic era, with the excep-
tion of the Ordovician (Eardley, 1949; McKee, 1951). It may be looked
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Limestone ,finegrained,dark gray,with considerable white 
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z 
z 
Ui ______________________________ 


MAGDALENA GROUP 


Tierra Blonca	 I'''


Top of exposed section 
TChert conglomerate with limestone matrix 


Limestone, medium-groined ,purplish-red ,with numerous 
Q


c 
2 I	 I member elongate nodules of white chert; thick-bedded 


z t beds 
< E I Calcorenite,groy,crinoidol (Criquino),interbedded with 


2 Nunn	 _________ soft blue-gray marl; highly fossiliferous 
a. -


THI 
member	 _____ interbedded limestone ,fine-grained ,gray,highly fossili-


U, ' I ferous,and blue-gray crinoidol marl 
l) 6 I	 I ICalcilutite, black ,massive ,weathers light blue-gray -


Alamogordo mem.	 I	 I rCalco,enite	 light brown ,mossive 
(I) - u ________ Andrecito Calcilutite and brown marl with numerous block chert nodules 


member 'Calciltite,btack,thin-bedded,with thin partings of brown marl 
Calcarenite,sondy,dork gray-brown,thick-bedded 


Cgballero formation Shole,limey,greenish brown ,interbedded with llmestone,fine-
.,	 groined,dark groy;6-foot layer of sandy calcarenite at bose 


C Box mem — Shove ,greenish-gray ,with nodules of brown , fine-grained, 
Z 2 ______ _________________ silty limestone up to 6 inches long, 2 inches thick 


Z Ready Pay 


> 
0.2


member Block,fissile shale ,mostly covered 


0 SC*I.( 
tOO FE CT 


50	 I	 / 
/	 / Oolomite,medium-grained,dork gray,massive 	 weathers 


z /	 / light gray __________ 
0	 1/	 / __.


Dolomite,medium -coarse grained,dork gray ,with nodules 


Fusselmon	 / of black and gray chert ; weathers light gray 
—J 
—


(•/	 / 
dolomite	 ,, Oolomite,medium-groined,dark gray,massive,weathers 


r.	 / light gray 


- ___________________________ 'Dolothite ,coarse -grained ,pinkish-gray 
Dolomite ,very fine-groined to sublithographic .pale gray to 0 Cutter?	 ________ pole brown ,weothers creamy white and crackly.Upper 


o	 formation 20-30 ft. alternation of this lithology and dark gray. _______
medium -grained dolomite __________________________ 


Aleman formation Dolomitic limestone,fine-to medium-grolned,llght gray, ________ veiy thin-bedded,some chert on bedding planes 
__________________________ o	 Uphom Dolomite,coarae-grained ,light blue -gray, with large chert ________ 


m/	 i _____ 
z	 dolomite	 ,	 / nodules 


___________________________ Dolomite, mediurn-gralned ,dork gray, medium bedded 
CableCanyon fm. Sandstone, medium-to coarse-grained,limey matrix ,light 


z-


.	 gray,mossively bedded ;grains rounded - 
0 0 
o


_____ 
_________ Limestorie,fine- and medium-groined,dork gray,weothers 


light bluish-gray, , beds 3 inches -2 feet thick. Chert 


0
__________ layers on bedding planes and nodules up to I foot long; 


w	 Bat Cave	 . scattered stromatolitic layers 
o	 formation	 _________ - 
U, __________ Dolomite ,coaree-grained ,olive-groy with red mottling, 
a.	 __________ weathers with crackled appearance. Beds 13 feet thick


FAULT CONTACT 


Figure 4 


COMPOSITE STRATIGRAPHIC SECTION IN THE LAKE VALLEY FAULT BLOCK. 
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upon as a region mainly of minor regional warping during Paleozoic 
time. Although every period of the Paleozoic is represented by some sedi-
ments, most periods are characterized by sediments which represent only 
a small part of the time interval. Uplift and erosion, or at least non-
deposition, are in evidence for parts of every geologic period in this era. 
The character of the sediments indicates shallow marine sedimentation 
on a fairly stable continental shelf area, and was varied according to the 
distance from the source and the amount of orogenic activity in the 
source area...The lack. of sharp unconformities, which necessitates recog-
nizing them on a regional, rather than a local scale, substantiates the 
hypothesis of warping rather than orogenic movement. This regional 
warping does not appear to have raised the land very far above the level 
of the sea at any time, with the possible exception of the end of the 
Mississippian period. At that time widespread erosion occurred, and 
conglomerates were developed in the basal Pennsylvanian, accompanied 
in places by faulting. Similarly, the nature of the sediments (mostly 
limestones and dolomites of shallow marine origin) and their generally 
small thickness show that subsidence was never very great. That differ-
ential subsidence took place is indicated best in the variations in extent 
and thickness of the various members of the Mississippian series 
(Laudon and Bowsher, 1949). 


The Mesozoic era is characterized by erosion in the first two periods. 
The comparatively thin Cretaceous sedimentary units present in Cooks 
Range indicate that Lake Valley quadrangle was on the margin of a 
large geosynclinal area (Mexican geosyncline) during the Cretaceous 
period. The only Lower Cretaceous unit in Cooks Range is the Sarten 
sandstone, about 300 feet thick, whereas Lasky (1947) has rej?orted 
21,000 feet of Lower Cretaceous sediments, including 9 units, in the 
Little Hatchet Mountains, 50 miles to the southwest. Similarly, only 300 
feet of Upper Cretaceous shales are found in Cooks Range, whereas con-
siderable thicknesses of Upper Cretaceous sediments occur to the south-
west (Lasky, 1947) and to the northwest (Paige, 1916) . A greater thick-
ness of Cretaceous shale may have been present in Cooks Range and 
later eroded, but good evidence for this hypothesis is lacking. In any 
event, the amount of subsidence in that area could not have been very 
great. Cretaceous volcanics occur in southwestern New Mexico, but none 
occur in Lake Valley quadrangle. 


The period of relative stability was terminated in this part of south-
western New Mexico with the development of large-scale folding, fault-
ing, uplift, and intrusion in late Cretaceous and early Tertiary time. In 
southwestern New Mexico large Basin-and-Range type fault blocks were 
developed, though some thrusting is in evidence. The exact extent in 
time of this orogeny in southwestern New Mexico is in doubt, but, 
broadly speaking, the revolution took place in late Cretaceous and early 
Tertiary time. After the develupment of these orogenic features, south-
western New Mexico became a fairly unstable, rather high, land mass. 
Orogenic activity continued sporadically throughout Tertiary time, 
accompanied by volcanism. The major period of volcanic activity 
appears to have been the Miocene and early Pliocene times. Its conclu-
sion was marked by a period of orogenic activity, presumably Pliocene, 
which caused renewed movement on older faults and development of
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some new faults. That this orogenic movement was widespread in 
New Mexico and Arizona is shown by the wide areal distribution of 
conglomerate deposits of the Gila and Santa Fe types, which probably 
were derived from the faulted mountains thus formed by subaerial ero-
sion. Renewed regional uplift in late Pleistocene time is demonstrated in 
the present downcutting and lowering of the base level which was in 
force during the Pleistocene period, when peneplanation apparently 
took place after the period of aggradation during which conglomerates 
were deposited. That the lowering of the base level has been a stepwise 
process is seen in the development of terrace levels above the present base 
level. Present-day sedimentation is mainly in intermontane valleys in 
the form of valley fill or bolson-type sediments. 


INTRUSIVE Rocis 
The intrusive rocks of Lake Valley quadrangle are largely dikes, 


though some plugs and a large stock occur. The dike rocks of the quad. 
rangle will be referred to in a separate section. 


The Cooks Peak granodiorite stock is by far the largest and eco-
nomically the most important intrusive in Lake Valley quadrangle. The 
granodiorite is of uncertain age. Mr. Robert Hernon (personal commu-
nication, 1951) has stated that most of the intrusive activity in the Santa 
Rita area took place after the first (Cretaceous?) period of volcanism, 
with the exception of a small number of diorite dikes. It seems a logical 
inference that the Cooks Peak stock was emplaced in that major intru-
sive epoch, though there is little direct evidence to support such a state-
ment. The Tertiary volcanics near the stock have not been intruded, but 
the contact between the stock and the volcanics is faulted. Sandstones 
in the lower part of the Macho series contain pebbles of granodiorite. 
The assignment of an age to the Cooks Peak stock is difficult, but it has 
been tentatively designated as late Cretaceous or early Tertiary, the 
periods when intrusive activity was prevalent in the Silver City region 
(Paige, 1916). 


The only other intrusive in Lake Valley quadrangle that is not a 
dike is in the northwest corner of the quadrangle. It is a basalt plug, per-
haps 50 yards in diameter, which intrudes the volcanics and is probably 
of Pleistocene or early Recent age. 


Granodiorite Porphyry 
Large masses of intrusive porphyry occur in Cooks Range, and 


Cooks Peak consists of that rock. Several dikes and sills occur in the 
Lake Valley limestone northwest of Cooks Peak. The porphyry cuts the 
sediments from Silurian to Upper Cretaceous in age and is thus assumed 
to be late Cretaceous or early Tertiary. It is evident that the intrusive 
was in a semifluid state when it was emplaced, because stoped blocks of 
Lake Valley limestone have been found in the granodiorite near the 
contact between the intrusive and the Lake Valley limestone. These 
blocks are metamorphosed into a hornblende rock. However, the 
intruded sedimentary rocks show little evidence of any widespread meta-
morphism. The sediments are altered only for about one-sixteenth of 
an inch directly along the contact with the granodiorite. At places the
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granodiorite is cut by diorite dikes, some of which are as much as one 
mile in length. The intrusion of the granodiorite appears to have caused 
some disruption of the sediments just north of Cooks Peak, where fault-
ing appears to be controlled in part by the granodiorite intrusions. 


The intrusive rock is a massive porphyry of gray color with promi-
nent phenocrysts of andesine and lesser amounts of hornblende and bio-
tite. The phenocrysts show well-developed flow structure. The ground-
mass is microcrystalline granular and consists of the same minerals with 
the addition of quartz, orthoclase, and lesser amounts of apatite and 
chlorite (p1 4-B). The analysis and norm of this rock appear in Tables 
4 and 5. 


The rock is designated a granodiorite porphyry, as it contains too 
much plagioclase to be termed a quartz monzonite. 


TERTIARY VOLCANIC ROCKS 


About one-third of Lake Valley quadrangle is covered by Tertiary 
volcanic rocks. The rocks represented are rhyolites, quartz latites, 
amphibole latites, pyroxene andesites, basalts, and their fragmental 
equivalents. 


The exact ages of these rocks are still in doubt. No fossils have been 
found in the stream gravels associated with some of them. The lower 
pyroxene andesites resemble those which, in the Silver City area, have 
been termed late Cretaceous or early Tertiary (Paige, 1916). They are 
regarded tentatively by the writer as early Tertiary and may be as young 
as early Miocene. The amphibole latites and other rocks are thought by 
the writer to be late Tertiary; there is some possibility that a few of them 
may be as young as earliest Pliocene. So recent an age, however, is doubt-
ful, as the rocks are overlain by Santa Fe (?) beds, which may include 
latest Miocene (very doubtful) and Pliocene, depending upon the part 
of Santa Fe time represented by the upper unit. As the region is not far 
from the area in southeastern Arizona where the Gila conglomerate of 
Pliocene-Pleistocene age occurs, it is thought that the age of the Santa 
Fe (?) in this area, like that of the Gila, is Pliocene-Pleistocene. 


The volcanic rocks of this region follow the general eruptive pat-
tern found in many other areas in southwestern New Mexico. The 
earliest of these rocks in Lake Valley quadrangle are fairly basic 
(pyroxene andesites). They became gradually more silicic (latite-
rhyolite), and then there is a return to basic rocks (pyroxene andesites 
and basalt). The latest volcanic rocks in Lake Valley quadrangle are 
olivine basalts. This alternation between silicic and basic rocks is also 
typical in the latest part of the volcanic sequence, though basalts are the 
youngest volcanic rocks found in New Mexico. 


Table 3 is a generalized stratigraphic section of the Tertiary rocks 
of the area. 


Petrographic Methods 
Rock names used in this paper are in accord with those used by 


Johannsen (1939) - Determinations of mineral compositions of the rocks 
were made using a Leitz micrometer stage. Data are given in volume per-
centages. In certain of the rocks, plagioclase feldspars were determined
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by the Rittman method on the universal stage. Average compositions 
are given. Norms have been calculated by the CIPW system (Washing-
ton, 1917) as modified by Barth (1931). 


TABLE 3. GENERALIZED TERTIARY SECTION, LAKE

VALLEY QUADRANGLE, NEW MEXICO 


AGE


THICKNESS 


FORMATION	 LrnioLocY	 IN FEET 


Pliocene- Santa Fe (?)	 Consolidated sands and gravels, fanglom. 
Pleistocene (?) formation	 erate, water-laid fragmental volcanic ma-


terial 0-1500 


Unconformity; major faulting 


Bear Springs	 Flows of purple, porphyritic, iddingsite-
basalt	 bearing rock, at times scoriaceous 150 ± 


Unconformity 
Razorback	 Fine-grained pyroxene andesites and pos-
formation	 sibly some rhyolite flows, with minor 


interbedded sandstone layers 250-500 


Disconformity 
Pollack quartz	 Pinkish-brown quartz latite 	 flow with 
latite	 large phenocrysts of feldspar and fewer of 


quartz 300 ± 


Disconformity 
Mimbres Peak	 Banded pink-gray rhyolite flows and in-


Late formation	 trusive rhyolites, spherulitic and stony 


Tertiar rhyolites, perlite, and associated red in-
trusive rhyolites. Possibly also pumiceous 
tuffs with rhyolite fragments 200 ± 


Disconformity 
Kneeling Nun	 Pale	 lavender-gray	 and	 dark-brown 
rhyolite	 welded	 tuffs with	 prominent quartz 


phenocrysts, columnar jointing 10-200 


Disconformity 
Sugarlump	 Pink and white explosion tuffs of quartz 
tuffs	 latitic composition 1000 ± 


Unconformity; faulting (?) 
Rubio Peak	 Varied porphyritic flows and breccias of 
formation	 intermediate composition, ranging from 


sodic to calcic	 (amphibole latites and 
pyroxene andesites) 2500 ± 


Unconformity 
Early (?) Macho	 Purple	 porphyritic	 pyroxene	 andesite 
Tertiary pyroxene	 flows, breccia, and varicolored tuffs, with 


andesites	 interbedded sandstones 1000 ± 
Major unconformity; late Cretaceous and early Tertiary orogeny


Macho Pyroxene Andesites 
The Macho pyroxene andesites and andesite tuffs are named from 


the Macho mining district at W½ sec. 20, T. 19 5., R. 7 W., where they 
form a fairly thick series of flows, flow breccias, and tuffs. The tuffs are 
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not exposed in the Macho district, but only in the Old Hadley 
(Graphic) district, southeast of Cooks Peak. The pyroxene andesite 
flows are mostly dark-purple to purplish-gray porphyritic rocks with 
phenocrysts of white feldspar (labradorite) and augite, hypersthene, 
and other dark minerals. The breccias are purple to brownish red and 
contain fragments of pyroxene andesite flow rock in a groundmass simi-
lar to the flow rock except for color. 


The tuffs appear to form the earliest part of the series. They range 
in color from bright purple through chocolate brown to bright red and 
pale bluish-gray. These rocks are mostly porphyritic, with prominent 
crystals of plagioclase feldspars and hornblende and other dark minerals. 
The tuffs are often interbedded with white or green-gray magnetite-
bearing sandstones and lenses of red conglomerate. Graded bedding in 
the tuffs suggests that they were water-laid. The tuffs are exposed only 
in the Old Hadley district. 


Megascopically, the typical pyroxene andesite of the Old Hadley 
district is purple, fine-grained, and porphyritic, with phenocrysts of 
plagioclase up to 2 mm long and microphenocrysts of augite. Micro-
scopically, the rock consists of (1) a fine-grained, partly crystalline 
groundmass which makes up about seven-eighths of the rock, and (2) 
phenocrysts of labradorite (Ab 42An58), augite, greenish-brown biotite, 
brown hornblende (lamprobolite), and minor apatite. The groundmass 
consists of these minerals together with hematite, magnetite, and minor 
potash feldspar (probably sanidine) - See Plate 4-C. 


The pyroxene andesite of the Macho district resembles that of the 
Old Hadley district almost exactly in megascopic and microscopic char-
acter, with the possible exception that the andesite of the Macho type 
contains slightly more augite and less lamprobolite. 


In many areas the Macho series has been mineralized. Veins of 
copper, lead, and zinc minerals are accompanied by marked alteration of 
the pyroxene andesite. 


Pyroxene andesites crop out in the Old Hadley (Graphic) district, 
in and near the Macho district, and at Lake Valley. In general, these 
rocks crop out only in areas which are topographically low. Thus, it is 
probable that the Macho pyroxene andesites were eroded to form a low, 
rolling surface upon which the later volcanics were deposited, and that 
the andesites are exposed only in areas where the later volcanics either 
were not deposited or have subsequently been eroded away. Where the 
later Rubio Peak flows dominate, there are few outcrops of Macho 
andesite, and these are confined to stream beds or other topographically 
low areas. 


An analysis and norm for the Macho pyroxene andesite are given in 
Tables 4 and 5. 


Rubio Peak Formation 
The Rubio Peak formation was named by W. E. Elston (1953) 


from a prominent butte at secs. 9, 10, 15, and 16, T. 19 S., R. 10 W., in 
Dwyer quadrangle. In Lake Valley quadrangle these rocks are the most 
voluminous group of volcanics. They range in composition from fairly 
silicic amphibole latites containing up to 63 percent SiO 2, to pyroxene 
andesites containing as little as 59 percent SiO2. Their color range 
extends from pinkish gray through various shades of red, lavender,
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purple, brown, and black. Phenocrysts may be large or small, and the 
rock may be glassy or almost entirely crystalline. Microscopically, the 
rocks are much more uniform, however. Although the proportion of 
phenocrysts to groundmass varies to some degree, the mineral compo-
sition appears to remain fairly constant. 


Pyroxene andesites appear sparsely throughout the Rubio Peak 
series. They were formed for the most part early in the period in which 
amphibole latites predominated. It would appear, however, that the 
pyroxene andesites were being extruded from various vents or volcanoes 
at almost every stage of the period of latite development, although 
normal latites preponderate in all but the early stages. 


In the north central part of the quadrangle the Rubio Peak forma-
tion is exposed in a broad outcrop which covers an area of about 45 
square miles. Other outcrops are east of Lake Valley, north of the Lee 
McKinney ranch near Mule Springs Peak, and south of the Old Hadley 
(Graphic) district, which is southeast of Cooks Peak. Similar rocks may 
be traced for some distance to the south and north of the borders of the 
quadrangle. However, on the south and west they are separated by 
bolson plains or by outcrops of other rocks from the main body of vol-
canics here described. 


No attempt has been made to secure a detailed section of the Rubio 
Peak series, because not all the flows are exposed. The flows, moreover, 
are so numerous and of such short extent that such a section would be 
practically useless for the purposes of an areal study. The thickness of 
the Rubio Peak formation in Lake Valley quadrangle is estimated to be 
about 2,500 feet. The top of the formation is marked by a prominent 
unconformity, above which are quartz latite tuffs and some other rocks. 


Megascopically, a typical amphibole latite is pale lavender gray, 
fine-grained, porphyritic, with phenocrysts of potash feldspar up to 
2 mm long, lamprobolite up to 3 mm long, and minor biotite. The 
matrix appears holocrystalline; the rock weathers grayish buff. 


Under the microscope, about two-thirds of the rock is finely crystal-
line groundmass and one-third large phenocrysts of andesine (Ab63An37), 
potash feldspar (probably sanidine), basaltic hornblende (lampro-
bolite), and lesser brown biotite with some magnetite. The phenocrysts 
are mostly subhedral to euhedral. The plagioclase crystals are zoned. 
Twinning according to the albite and Carlsbad laws is common. Pen-
dine twinning is rare. Lamprobolite is often resorbed and converted 
wholly or in part to magnetite. The groundmass is made up mostly of 
laths of feldspar, both orthoclase and andesine, with minor amounts of 
ferromagnesian minerals and magnetite (p1 4-E). A typical volumetric 
Rosiwal analysis is as follows:


PERCENT 
groundmass	 .........................68.0 
andesine	 ......................... 19.6 
sanidine	 .......................... 7.0 

lamprobolite (including 


magnetite) ..................... 4.3 
biotite	 ........................... 1.1 


100.0 


Magnetite pseudomorphs after lamprobolite have been included 
under that designation. 


A typical pyroxene andesite within the Rubio Peak formation is
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dark purple to almost black, very fine-grained, porphyritic, with sparse 
tiny phenocrysts of plagioclase and augite up to 1 mm long. It weathers 
slabby, orange brown. 


About nine-tenths of the rock is made up of a groundmass of tiny 
feldspar crystals with a crude flow structure; some augite, magnetite, 
and hematite are also present. The groundmass feldspars are mostly 
potash feldspar and andesine. The remaining one-tenth is pheno-
crysts of albite-twinned andesine, sanidine, augite, and some hyper-
sthene (e' 4-D). A volumetric Rosiwal analysis gives the following 
composition:


PERCENT 
groundmass	 ......................92.5 
sanidine	 ......................... 0.9 
andesine	 ......................... 1.0 
augite............................4.3 
hypersthene ...................... 1.3 


100.0 


Chemical analyses and norms of these rocks are given in Tables 4 
and 5. 


Pyroxene andesites of the Rubio Peak formation have been in-
cluded with amphibole latites in mapping, because the complex inter-
mingling of the flows made separate mapping impossible in the time 
available. 


Sugarlump Tuffs 
The Sugarlump tuffs were named by W. E. Elston after a promi-


nent, steep, loaf-shaped mountain at NE¼ sec. 15, T. 19 S., R. 10 W., in 
Dwyer quadrangle, where they are very thick and prominently exposed. 
There the tuffs include some andesitic and latitic members which are not 
present in Lake Valley quadrangle (Elston, W. E. 1953). 


In Lake Valley quadrangle the Sugarlump tuffs consist of pink and 
white quartz latite tuffs which lie unconformably on the Rubio Peak 
formation. Apparently, erosion had not progressed very far beyond the 
youthful stage before the deposition of the tuffs, as they are found to 
fill moderately wide valleys in the buried topography developed on the 
Rubio Peak formation. This is especially well marked near the head-
waters of White Rock Creek, where the contact between the two forma-
tions is very sharp and at such a steep angle that it was at first thought to 
be a fault. The relief on the Rubio Peak formation does not appear to 
have been the result of faulting, although it is possible that the streams 
which formed these valleys followed fault lines (see p1 1, cross-sections 
B-B' and C-C'). 


Most outcrops form prominent stratified masses. The beds, which 
are pink, white, and orange, may weather as separate ledges, but more 
commonly weather together into a single rounded mass (see fig 5). In 
areas where there are latites nearby, the rocks contain scattered large 
fragments of latite. The Sugarlump tuffs are generally overlain by rhyo-
lites. A typical tuff is a pale grayish-white rock containing numerous 
subangular fragments. The fragments are white, pale bluish-gray, and 
pale reddish-brown. The rock weathers pale cream to white. Some tuffs
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A 


B



Figure 5 


A. SUGARLUMP TUFFS, SHOWING TYPICAL ROUNDED WEATHERING. B. SUGAR-






LUMP TUFFS, SHOWING MORE MASSIVE COLUMNAR WEATHERING. THIS TYPE 

OF WEATHERING OCCURS ONLY IN MORE HIGHLY INDURATED TUFFS.
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contain large fragments, including many pumiceous ones up to 2 cm 
long. Most tuffs contain particles 2-10 mm in diameter or smaller. The 
finer-grained tuffs greatly resemble coarse, chalky sandstone. 


Typical tuff is made up of about 60 percent groundmass of glass 
shards and 40 percent larger particles, the latter for the most part being 
fragments of glassy nature (p1 4-F). Phenocrysts, less than 5 percent of 
the volume of the rock, include andesine, sanidine, quartz, tridymite, 
biotite, and hematite. A few of the glassy inclusions appear to be made 
up of microcrystalline intergrowths of sanidine and cristobalite, but no 
definite determination was possible. More generally, fine-grained tuffs 
contain up to 15 percent phenocrysts and considerably fewer glassy frag-
ments. The coarse-grained tuffs are more pumiceous than the finer ones 
and contain about the same proportions of phenocrysts, inclusions, and 
groundmass as the medium.grained varieties. The mineral composition 
shows slight variations, but none of the rocks is markedly different. The 
shardy nature of the groundmass, the included latite fragments, and the 
paucity of true phenocrysts indicate that the Sugarlump tuffs are 
products of volcanic explosions. Some of them may be in part welded 
tuffs. The thickness of the Sugarlump tuffs is estimated to be about 
1,000 feet. 


Kneeling Nun Rhyolite Tuff 
The Kneeling Nun rhyolite is named after the prominent rock 


monument which overlooks the town of Santa Rita and the Chino 
copper pit. The Kneeling Nun is an isolated column of welded rhyolite 
tuff which stands a short distance in front of a high escarpment of the 
same rock. It is a famous landmark in the Santa Rita area. 


The Kneeling Nun tuff is characterized by many features which 
have been described as characteristic of welded tuffs. The latter have 
been described by numerous authors. The first mention of such rocks 
was made by Iddings (1899) in his famous monograph on the geology 
of Yellowstone National Park. Other welded tuffs have been described 
in Alaska (Fenner, 1923) , Idaho (Mansfield and Ross, 1935) , California 
(Gilbert, 1938), Oregon (Moore, 1934), the Lesser Antilles (Anderson 
and Flett, 1903; La Croix, 1904; Perret, 1934), Peru (Fenner, 1948), and 
New Zealand (Marshall, 1935). 


Paige (1916) originally described the Kneeling Nun as a flow rhyo. 
lite. The Kneeling Nun, with its prominently developed columnar 
structure, is called a welded tuff by the author, because it varies consid-
erably in character from flows of the same rock type. The gently dipping, 
widespread (tens of square miles) rocks are fragmental, with a glassy 
groundmass, including some attenuated shards. They lack vesicular or 
scoriaceous zones, suggesting strongly that they were not flow rocks ren-
dered fluid by high gas content. All of these characteristics point to the 
probability that the Kneeling Nun is a welded tuff. The rocks may have 
been formed by a nuée ardente (cloud of hot, particle-laden gases), or 
possibly by eruption of fragmental material from a vent, without rising 
high in the air—simply a gaseous particulate flow eruption. 


Megascopically, the rock is pinkish gray to reddish brown, medium-
grained, highly porphyritic, with numerous phenocrysts of quartz as 
much as 3 mm in diameter, less sanidine and plagioclase of similar size,
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and minor biotite in a fine-grained matrix. The large number of quartz 
and feldspar crystals give the rock the appearance of a granite porphyry. 
Quartz and feldspar phenocrysts appear to be somewhat fragmental, 
some even having the aspect of shards. The rock has marked columnar 
jointing and, at places, faint horizontal sheeting. 


Microscopically, the rock consists of about one-third phenocrysts 
and two-thirds cryptocrystalline groundmass. The phenocrysts are large 
subhedral to anhedral crystals of quartz, oligoclase, sanidine, and some 
brown biotite. The groundmass surrounding the crystals is translucent 
and pale brown in color. It contains small spherulites which show radial 
structure under crossed nicols (p1 5-A) - Very tiny particles of magnetite 
are embedded in the glass, whose refractive index is less than that of 
balsam. A volumetric Rosiwal analysis gives the following composition: 


PERCENT 
glassy groundmass ...................67.5 
quartz............................ 21.5 
sanidine............................7.9 
oligoclase .......................... 1.6 
biotite............................. 1.0 
magnetite.......................... 0.5 


100.0 


The chemical analysis and norm of this rock indicate that it is a 
rhyolite (tables 4 and 5). 


The Kneeling Nun welded rhyolite tuff generally lies conformably 
upon quartz latite tuffs of the Sugarlump formation. In Barenda Valley, 
directly west of the Lake Valley fault block, and in a separated outcrop 
about one mile west, the Kneeling Nun, formation has a thickness of 
about 200 feet. To the southwest, near the headwaters of White Rock 
Creek, the thickness is only 6-10 feet. 


Mimbres Peak Formation 
The Mimbres Peak formation was named by Elston from a hill 


located in sec. 8, T. 19 S., R. 10 W., in Dwyer quadrangle, where it crops 
out prominently. It is made up of several types of rhyolitic rocks, all of 
which are genetically related. These rocks include rhyolite flows, perlite, 
minor pumiceous rhyolites, and their intrusive equivalents. Some of the 
pumiceous rhyolites are tuffaceous. Much of the rhyolite in Lake Valley 
quadrangle forms dome eruptions. These eruptions push up earlier vol-
canics at many places. The rhyolites of the Mimbres Peak formation vary 
in physical characteristics. The more prominent types are stony, flow-
banded or laminated, microspherulitic flow-banded, and spherulitic. 
The spherulitic type contains large numbers of nearly spherical, brown, 
stony balls, 1-5 cm in diameter, with radial internal structure. They are 
apparently the result of devitrification of glassy phases, probably pitch-
stone, in the rhyolitic mass. The stony type is generally gray, with some 
pinkish areas, and aphanitic; it shows minor flow structure. Fresh, flow-
banded rhyolite is pink, gray, to creamy white in alternate layers. It 
weathers cream. The rock is, for the most part, microcrystalline, and 
may be silicified. At most places it displays prominent flow structure, 
which is crinkled and contorted like a crumpled piece of paper. The con-
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figuration of this flow structure makes it highly probable that much of 
this rhyolite was extruded as domes, since it dips more nearly horizon-
tally at the edges and approaches verticality hear the centers of the rhyo-
lite masses. 


In general, where rhyolite is encountered in a sequence, it directly 
overlies tuff of the Sugarlump series or the Kneeling Nun welded rhyo-
lite tuff. However, large masses occur in eruptive centers with little or 
no tuff. One of these centers is just southwest of the junction between 
Macho and Pollack Canyons, near the headwaters of Road Creek, and 
the other just southwest of Lake Valley. A chemical analysis of the rhyo-
lite from the eruptive center near Lake Valley is given in Table 4. 


Several outcrops of perlite are associated with these centers and 
other rhyolite flows. The perlite occurs in small domes, dikes, and sills. 
The largest area in which perlite is known to occur is located in the 
rhyolite mass just southwest of Lake Valley. It has been given the field 
name "McKinney perlite" after the name of the holder of the mineral 
rights, C. A. McKinney. Here the perlite is in the form of a large sill. The 
perlite of Lake Valley quadrangle varies in color from black to light gray 
and red. Most of it is partly devitrified and contains stony bands or bands 
of the little brown balls previously described. Some of the smaller masses 
do not show these features. The perlite in this area is thought to have the 
composition of a rhyolite, as analyses of various volcanic glasses which 
exhibit perlitic structure in New Mexico all show a rhyolitic composi-
tion, varying largely only in water content. 


Perlite is often associated with a red intrusive rhyolite, which occurs 
just beneath the sills and adjacent to the dikes and domes. Some of the 
red rhyolite contains small inclusions of rhyolite with flow structure. 
One specimen has been found in which the red rhyolite actually forms 
a small dike in the laminated rhyolite. In many areas, masses of yellow-
ish, fine-grained rocks, which break with a conchoidal fracture, occur in 
association with rhyolite and perlite. These yellowish rocks are prob-
ably a devitrified phase of perhte. 


The microspherulitic phase of the flow-banded rhyolite is found 
associated always with the laminated rhyolite. It appears, however, to 
be confined to the interior of rhyolitic intrusive masses. It is cream-
colored with a slight greenish tinge. The entire rock appears to be made 
up of tiny spherulites less than 1 mm in diameter. Other forms of rhyo-
lite also occur, but these are very local. The most striking of the local 
forms is a rhyolitic breccia, consisting of fragments of laminated rhyolite 
in a rhyolitic matrix. Flow rhyolites are generally less than 300 feet thick. 


In addition, rhyolite tuffs which resemble the Sugarlump tuffs, 
except that they contain rhyolite fragments, occur in Dwyer quad-
rangle. The presence of tuffs belonging to the Mimbres Peak formation 
in Lake Valley quadrangle is suggested by the fact that many of the 
tuffs in the northwestern part of the quadrangle contain rhyolite frag-
ments. However, the Kneeling Nun rhyolite, which serves as a marker 
in Dwyer quadrangle, is not present in that part of Lake Valley quad-
rangle, nor do the tuffs contain flow rhyolites, as they do in places in 
Dwyer quadrangle. Thus, these tuffs cannot be correlated with any great 
certainty and may belong to the Mimbres Peak or to the Sugarlump
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formation. For that reason they have been mapped as Sugarlump and 
Mimbres Peak, undifferentiated. 


Pollack Quartz Latite 
The Pollack quartz latite is named from its exposure on Pollack 


Creek, although the type area is along Taylor Creek, which branches 
off to the north. It is exposed over an area of about 4 square miles in the 
north central part of Lake Valley quadrangle on Macho, Taylor, and 
Pollack Creeks, and in the northwest corner of tile quadrangle. Two 
other small outcrops occur on the west side of White Rock Creek near 
its junction with Fuller Creek. The Pollack quartz latite lies uncon-
formably on both rhyolite tuffs and rhyolites, and thus appears to be 
later in age than the Kneeling Nun formation, which has been found to 
lie only on tuffs of the Sugarlump formation and is in turn overlain by 
rhyolites. Flows of the Razorback formation lie on the Pollack formation 
along Taylor Creek. 


The Pollack quartz latite ranges in color from a dominant pinkish 
brown to light red and purple. It contains phenocrysts of andesine and 
sanidine up to 2 cm long, with smaller phenocrysts of quartz, brown 
hornblende (lamprobolite), and greenish-brown biotite (p1 5-B). 
Though the rock superficially resembles the Kneeling Nun tuff, it more 
nearly resembles a flow rock than a welded tuff; it lacks columnar joint-
ing. The Kneeling Nun and Pollack rocks are very different chemically 
(see table 4). The largest differences occur in the percentages of silica, 
alumina, and lime contained. 


The rock contains 25 percent phenocrysts, including large euhedral 
quartz crystals, sometimes twinned, and large crystals of sanidine, 
andesine (Ab58An42), lamprobolite, and brown biotite. Smaller grains 
of these minerals and some magnetite are associated with the finely 
crystalline groundmass. 


The Pollack formation attains a maximum thickness of about 300 
feet. 


Razorback Formation 
The Razorback formation was named by Elston (1953) from 


Razorback Mountain, sec. 36, T. 18 S., R. 11 W., in Dwyer quadrangle. 
There the formation consists of rhyolites and pyroxene andesites, 
whereas in Lake Valley quadrangle the rocks are mainly pyroxene 
andesites. In one area, on the west side of White Rock Canyon, a 40-foot 
layer of fairly coarse-grained, well-sorted sandstone is interbedded with 
two of the flows of this formation. 


The Razorback formation is overlain by the Bear Springs basalt 
and, in Lake Valley quadrangle, overlies the Mimbres Peak formation 
with pronounced unconformity. In the neighboring Dwyer quadrangle 
there may be one or more units between the Mimbres Peak formation 
and the Razorback. These intervening units are Box Canyon rhyolite, 
the Rustler basalt, and the Caballo Blanco tuff. The Caballo Blanco tuff 
is the most important of these formations. It can be traced from several 
miles west of Lake Valley quadrangle to the Santa Rita region, where it 
has been called the "bun tuff" (Paige, 1916). The other formations 
occur only locally in Dwyer quadrangle (Elston, 1953).
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Megascopically, andesites of the Razorback type are uniformly 
purplish black, with red hematite bands or red rims around the augite 
phenocrysts. The rocks have a characteristic slabby fracture and blue-
gray color on weathering. Once seen, they are rather easily distinguish-
able from other similar rocks. Flows of the Razorback formation crop 
out in small areas along Taylor, Pollack, and South Taylor Creeks (in 
the north central part of the quadrangle), on Gavilan Arroyo and at 
Black Mountain in the northwest near the headwaters of Bear Springs 
and White Rock Creeks, and in small outcrops north of the junction of 
Bear Springs and Mule Springs Creeks. 


Under the microscope the Razorback andesites are very similar to 
the rocks of the Macho formation. Phenocrysts of augite, hypersthene, 
oligoclase, potash feldspar (probably sanidine), and minor brown horn-
blende make up only about one-eighth of the rock. The very fine-grained 
groundmass contains a small amount of the same minerals, but is mostly 
feldspar. The Razorback andesite contains scattered crystals of suartz 
which have been partly resorbed and surrounded by a reaction rim of 
augite crystals (p1 5-C). Oligoclase is partly resorbed also. According to 
Elston (1953) these quartz and oligoclase crystals are xenocrysts, and the 
rock is probably a contaminated basalt. Further evidence of an original 
basaltic composition is offered by small amounts of iddingsite which he 
reports in the rock. 


Bear Springs Basalt 
The Bear Springs basalt has been named from an outcrop at the 


intersection of secs. 17, 18, 19, and 20, T. 20 S., R. 8 W., about half a mile 
distant from Bear Springs Canyon. The porphyritic, slightly scoriaceous 
rock is reddish purple, fine-grained, with some large, egg-shaped masses 
of calcite (up to 1 cm in diameter), small phenocrysts of feldspar, and 
amygdale fillings of zeolites up to 2 mm in diameter. Bright-red iddings-
ite and some augite, up to 1 mm in diameter, are visible megascopically. 
Weathering causes pitting of the rock because of preferential solution 
of feldspar and calcite. In overall aspect the rock is entirely different 
from any other rock found in Lake Valley quadrangle. 


Basalt has been found to crop out not only in the area described, 
but also on Black Mountain, and north of Black Mountain along Gavi-
lan Arroyo. In the Gavilan Arroyo locality the rock is mottled red, very 
fine-grained, and presumably an ash bed. The basalt lies on the pyroxene 
andesites of the Razorback formation at Black Mountain and in Gavilan 
Arroyo, and is therefore later in age than the Razorback formation. The 
Bear Springs basalt is separated from the Santa Fe (?) rocks by a period 
of faulting and a major erosional unconformity. 


Microscopic features: The somewhat amygdaloidal rock consists of 
large phenocrysts in a holocrystalline groundmass, which makes up 
three-fourths of the rock. The groundmass consists of numerous tiny 
laths of plagioclase (mostly oligoclase [Ab 74An26] and andesine) , magne-
tite, small subhedral crystals of iddingsite, and minor augite and 
hypersthene. The cavities are filled, with zeolites which have been iden -
tified as stilbite and analcite (p1 5-D). A volumetric Rosiwal analysis 
gives the following composition:







GEOLOGY AND MINERAL DEPOSITS: LAKE VALLEY QUADRANGLE 49 
PERCENT 


plagioclase	 ....................... 75.0 

zeolites ........................... 11.5 
magnetite	 ........................ 3.1 
iddingsite	 ........................ 5.4 
hypersthene and augite ............ 5.0 


100.0 


This same analysis has been recalculated to exclude zeolites. The 
percentages thus obtained are as follows:


PERCENT 
plagioclase	 ....................... 84.9 

magnetite ......................... 3.4 
iddingsite	 ........................ 6.2 
hypersthene and augite ............ 55 


100.0 


Although no olivine has been found in this rock, the crystal form 
of the iddingsite suggests that it has replaced olivine. Olivine occurs in 
similar rocks in Dwyer quadrangle, where it is only partly replaced by 
iddingsite. The large feldspar crystals appear to be somewhat corroded. 
Minor calcite was found also in the thinsection examined. 


A chemical analysis and norm of rock of this type are given in 
Tables 4 and 5. 


PETR0LOGICAL NOTES 


Microscopic study of the various volcanic rocks in Lake Valley 
quadrangle shows that certain minerals are fairly characteristic in each 
rock group. For example, latites and quartz latites are characterized by 
basaltic hornblende (lamprobolite) and minor brown biotite, and 
andesites by augite and hypersthene. However, there are a few transi-
tional rocks in the latite (broad sense) group in which minor amounts 
of lamprobolite or biotite, or both, occur with predominant augite. 
Some hypersthene may also be found in lamprobolite-biotite rocks. 
Nevertheless, where basaltic hornblende and biotite make up more than 
50 percent of the ferromagnesian minerals, hypersthene, if present, is 
minor. Conversely, where the ferromagnesian minerals are dominantly 
augite and hypersthene, biotite and lamprobolite, if present, are minor. 


It is notable that basaltic hornblende, biotite, and augite may occur 
together in fairly similar amounts in Macho pyroxene andesites. In 
andesite of the Macho type hypersthene is rare or absent. This associa-
tion of ferromagnesian minerals has been used as a criterion in the iden-
tification of Macho andesites. Basalts are characterized by iddingsite 
(Lake Valley quadrangle) and olivine (Dwyer quadrangle), although 


some andesites may contain very minor amounts of these minerals. 


DIKE RocKs 
In Cooks Range there are several varieties of dike rocks, all of 


which, with one exception, cut the Cooks Peak intrusive. In the area 
between White Rock and Macho Creeks, in the latitic rocks, there are 
also several large latite dikes.
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TABLE 5. NORMS OF SOME ERUPTIVE ROCKS OF LAKE VALLEY QUADRANGLE, NEW MEXICO
0 


1	 2	 3	 4	 5 6 7 8 9 


quartz	 16.56	 12.58	 16.50	 14.70	 39.96 30.12 38.15 22.56 3.30 
orthoclase	 17.79	 20.57	 17.24	 16.68	 24.46 28.36 26.13 25.02 9.45 
albite	 34.06	 24.58	 34.58	 29.34	 16.77 29.34 28.82 27.25 25.68 
anorthite	 16.40	 16.68	 18.07	 20.29	 13.07 3.06 2.78 16.68 20.85 ' 
corundum	 -	 -	 -	 -	 - - - 0.10 - 
wollastonite	 .09	 3.36	 0.81	 0.93	 - 1.81 0.23 -. 6.96 
enstatite	 5.50	 4.40	 4.50	 7.50	 2.60 1.40 0.60 2.30 16.10 
ferrosilite	 -	 -	 -	 -	 - - - - 4.09 
magnetite	 2.55	 3.71	 -	 1.16	 1.28 1.39 1.39 - 6.50 
ilmenite	 1.37	 0.91	 1.06	 1.98	 - 0.76 0.15 0.76 3.80 ' 
apatite	 0.34	 0.67	 0.67	 1.01	 - 0.46 - 0.34 1.34 
hematite	 1.60	 -	 4.32	 3.68	 0.61 1.76 0.16 3.04 - 
rutile	 -	 -	 -	 -	 0.03 - - 0.08 - 
titanite	 -	 -	 0.39	 -	 - - - - - 
Normative	 AbAn,,	 Ab(An,,	 AbAn	 Ab,An	 AbL,An Ab,1An, Ab,1An9 AbAn 
plagioclase	 andesine	 andesine	 andesine	 andesine	 andesine albite albite andesine andesine 


CIPW class	 11424	 11424	 1424	 11424	 I 422 I 412 I 412 1 422 III 544 


1.	 Cooks Peak granodiorite (Lindgren, 1910, p 39) 
2.	 Macho pyroxene andesite (SE1/4 SW1,4, sec. 20, T. 19 S., R. 7 W.) 
3.	 Rubio Peak amphibole latite (SE1/4 NE1,4, sec. 36, T. 18 S., R. 8 W.) dO 
4.	 Rubio Peak pyroxene andesite (NW1/4 NW1/4 , sec. 18, T. 18 S., R. 7 W.) 
5.	 Sugarlump quartz latite tuff (NWI/4 NE1/4 , sec. 16, T. 19 S., R. 8 W.) 
6.	 Kneeling Nun rhyolite welded tuff	 (center, northern boundary, sec. 17, 


T. 19 S., R. 10 W.) 
7.	 Mimbres Peak rhyolite (SW1/4 , sec. 20, T. 18 S., R. 7 W.) z 
8.	 Pollack quartz latite (sec. 28, T. 18 S., R. 8 W.) 
9.	 Bear Springs basalt (SE'/4SE',4, sec. 22, T. 18 S., R. 10 W.)


U' 







52	 NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES 


The dikes which are not considered postintrusive have not yet been 
definitely dated. They are buff, fine-grained rhyolitic rocks with quartz 
phenocrysts, intrude only the lower Paleozoic limestones, and are per-
haps preintrusive. The pôstintrusive dikes are of several varieties. Be-
sides the granodiorite porphyry dikes and sills which are associated with 
the intrusive, there are diorite and basalt dikes, and a latite dike. Some 
of the dikes are green-gray glass with refractive index of 1.495. The com-
position of these dikes has not been determined. The diorite dikes are 
black, fine-grained rocks, which at many places cut the intrusive. Under 
the microscope the diorite varies from fine-grained and holocrystalline 
to coarser.grained and porphyritic. The feldspars are oligoclase, andes-
me, and labradorite. Augite is present, and magnetite is a prominent 
accessory mineral. Only one latite dike was found in the Cooks Peak 
region. It cuts the pyroxene andesite tuffs of the Old Hadley district. The 
latite, very hard, buff-colored, Sand porphyritic, with numerous large 
phenocrysts of plagioclase, is highly altered and silicified. If unaltered, 
this rock would probably be similar to the blue-gray latite dikes found in 
the Rubio Peak' formation farther to the northeast. The lathe dike here 


PLATE 4. Photomicrographs. (In each case the line is 1 mm in length.) 
A. PRECAMBRIAN GRANITE CONSISTING OF MICROCLINE (TWINNED), QUARTZ 
(LIGHT-GRAY "VEINLET" IN CENTER OF PICTURE), CHLORITE (DARK GRAINS, 
CENTER OF PICTURE AND LOWER LEFT), WITH EPIDOTE (DARK-GRAY GRAINS 
WITH HIGH RELIEF), AND SERICITE (UPPER PART OF PICTURE). CROSSED 
NIcoLs. 


B. COOKS PEAK GRANODIORITE PORPHYRY. CHLORITE (UPPER LEFT), ORTHO-
CLASE (RIGHT CENTER), AND AUGITE (CENTER BorroM) IN A GROUNDMASS OF 
PLAGIOCLASE, ORTHOCLASE, MAGNETITE, AND OTHER MINERALS. CROSSED 
NICOLS. 


C. MACHO PYROXENE ANDESITE. HYPERSTHENE AND AUGITE (LARGE WHITE 
CRYSTALS) AND PLAGIOCLASE (TwINNED) IN FINE-GRAINED GROUNDMASS. 
SMALL WHITE CRYSTALS ARE QUARTZ. THE ROCK IS PARTLY SILICIFIED. 
CROSSED NICOLS. 


D. RUBIO PEAK PYROXENE ANDESITE. HYPERSTHENE (RELIEF), MAGNETITE 
(BLACK), AND PLAGIOcLASE (UPPER AND LOWER RIGHT) IN A FINE-GRAINED 
GROUNDMASS CONSISTING LARGELY OF SMALL LATHS OF PLAGIOCLASE AND 
ORTHOCLA5E. CROSSED NICOLS. 


E. RUBIO PEAK AMPHIBOLE LATITE. PLAGIOCLASE (TWINNED) AND LAMPRO-
BOLITE (DARK DIAMOND SHAPES) IN FINE-GRAINED GROUNDMASS CONSISTING 
LARGELY OF TINY LATHS OF ORTHOCLASE. LAMPROBOLITE IS PARTLY RE-


PLACED BY MAGNETITE. CROSSED NICOLS. 


F. SUGARLUMP TUFF. FRAGMENTS OF GLASS AND MICROCRYSTALLINE CRISTO-
BALITE AND SANIDINE IN A GROUNDMASS WHICH CONTAINS QUARTZ FRAG-
MENTS (WHITE). CROSSED NICOLS.
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described has the same general N. 350 E. strike as the other latite dikes; 
the feldspars, too, are similar to those in the blue-gray dikes. 


The blue-gray porphyritic latite dikes in the Rubio Peak formation 
are 10-50 feet wide. They have a general N. 25°-35° E. strike and, though 
usually discontinuously exposed, may extend for as much as 1 1/2 miles. 
Phenocrysts of sanidine up to 1 cm long and smaller phenocrysts of bio-
tite are visible megascopically. Microscopically, the groundmass is finely 
crystalline feldspar, some pale-brown biotite, and minor green horn-
blende and magnetite. The phenocrysts, which make up one-quarter of 
the rock, are large crystals of sanidine, andesine, and biotite, and smaller 
crystals of hornblende (p1 5-E) . Volumetrically, it has the composition: 


PERCENT 


groundmass	 ......................74.3 
andesine	 ......................... 15.0 
sanidine	 ......................... 3.1 
biotite	 ........................... 5.6 
bornblende .......................2.0 


100.0 


This rock is a typical latite. 


PLATE 5. Photomicrographs. (In each case the line is 1 mm in length.) 
A. KNEELING NUN RHYOLITE WELDED TUFF. QUARTZ (wHITE), SANIDINE 
(CARLSBAD TWINS), AND LAMPROBOLITE (GRAY) IN A FINE-GRAINED MATRIX. 
GLASSY FRAGMENT (CENTER, RADIATING STRUCTURE). GROUNDMASS CONTAINS 
HEMATITE (DARK AREA ON LOWER LEFT) AND MAGNETITE (BLACK). Nom 
FRAGMENTAL TEXTURE. CROSSED NICOLS. 


B. POLLACK QUARTZ LATITE. QUARTZ (GRAY, LEFT CENTER), ANDESINE 
(TWINNED, RIGHT), AND HORNBLENDE (RHOMBIC CRYSTALS WITH RELIEF) IN 
FINE-GRAINED GROUNDMASS. CROSSED NICOLS. 


C. RAZORBACK ANDESITE. QUARTZ WITH AUGITE REACTION RIM, AUGITE 
CRYSTALS (RELIEF), AND PLAGIOCLASE (wHITE LATHS) IN A GROUNDMASS OF 
TINY FELDSPAR LAThS WHICH SHOW FLOW STRUCTURE. MAGNETITE (BLACK) 
ALSO PRESENT. PLAIN LIGHT. 


D. BEAR SPRINGS BASALT. PLAGIOCLASE (TWINNED), AUGITE (WHITE), AND 
IDDINGSITE (GRAY, RELIEF) AROUND A SMALL HOLE (FLAT GRAY IS BALSAM). 
ZEoLIrrs IN AMYDALE AT LOWER RIGHT. GROUNDMASS IS MOSTLY FELDSPAR 
LATHS WHICH SHOW FLOW STRUCTURE. CROSSED NICOLS. 


E. LATITE DIKE. LARGE ANDESINE (LEFT) AND BIOTITE (RIGHT), WITH 
SMALLER LAMPROBOLITE (TWINNED, CENTER) IN A VERY FINE-GRAINED 
GROUNDMASS. CROSSED NICOLS. 


F. VEIN MATERIAL. BARITE (BLADES), QUARTZ (wHITE), AND SULFIDES 
(BLACK, MOSTLY GALENA). SEQUENCE OF DEPOSITION IS IN ORDER NAMED. 
SPECIMEN FROM MACHO MINING DISTRICT. PLAIN LIGHT.
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STRUCTURAL GEOLOGY 


The major structural features of Lake Valley quadrangle are 
normal faults; one large anticline is also known. Only the larger features 
of the quadrangle are easily seen in the volcanic areas. The smaller folds 
and faults are very poorly defined or impossible to recognize, because 
well-marked key horizons are lacking. 


FOLDS 


Though folding in the region is not widespread, a large anticline 
occurs in the northeastern part of the quadrangle. The axis trends north-
westward and may be traced from sec. 15, T. 19 S., R. 8 W. to a point one 
mile beyond where it leaves the quadrangle border at the west line of 
R. ½ W. Only the north-plunging half of the anticline is exposed, the 
southern half being covered by alluvium. The anticline folds Macho and 
Rubio Peak rocks and is probably post-Mimbres Peak in age. To the 
west, a large synclinal basin of similar axial trend is thought to exist. 
There progressively younger rocks are exposed, and the Rubio Peak for-
mation has its thickest development in the quadrangle. 


FAULTS 


Major faulting in Lake Valley quadrangle follows two general 
trends. The dominant trend is N. 3O04O0 W. A subsidiary trend is N. 
450 E. It should be noted that these trends intersect at an angle of about 
75 degrees. Normal faults of large throw divide the quadrangle into 
three structural units: (1) Cooks Range, an intruded horst of Precam-
brian, Paleozoic, and Mesozoic rocks, in the southwestern part of the 
area; (2) the central area, consisting largely of volcanic rocks, but with 
some Tertiary sediments and Quaternary gravels and alluvium; and (3) 
the Lake Valley fault block, a horst of Paleozoic sediments in the north-
east corner of the quadrangle. 


Cooks Range is a north-northwest- (south-southeast-) trending 
short structural high which forms the southern extension of the Mimbres 
Mountains. Its dominant feature is a large granodiorite porphyry stock, 
of which Cooks Peak is made. The granodiorite was intruded mainly 
into the Lake Valley limestone, but locally it penetrates the strata up to 
the base of the Sarten sandstone. On the west slope of the range the Lake 
Valley limestone is cut by irregular apophyses of granodiorite at several 
localities. The northern part of the range extends as an attenuated ridge 
of southwesterly-dipping sediments. At the northern end of the ridge 
Precambrian granite is exposed in a long slender tongue. To the south 
the granite is covered by the overlying Paleozoic rocks, which form a 
thick series adjacent to the intrusive. The sedimentary units exposed are 
the Lake Valley limestone, Percha shale, Fusselman limestone, Montoya 
group, El Paso group, and the Bliss sandstone, which rests unconform-
ably on the granite. The ridge is bounded on the east by the eastward-
dipping Sarten fault, which extends in a north-northwest (south-south-
east) direction parallel to the east side of the range. The East Cooks 
fault, about 1. 1/2 miles to the east, is of slightly lesser throw, but strikes in
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the same general direction as the Sarten fault. It swings sharply west-
ward and joins the Sarten fault about 2 miles north of Cooks. These 
faults have displacements of 2,600. feet or more, based upon the strati-
graphic thicknesses of the formations cut. The Sarten fault brings the 
Precambrian on the west into contact with volcanics of Tertiary age on 
the east. The East Cooks fault brings the Lake Valley formation on the 
west into contact with the Santa Fe (?) formation on the east. 


North of the junction of the Sarten and East Cooks faults, a shat-
tered zone several hundred feet wide is formed which contains horses or 
"splinters" of Paleozoic rocks at various localities along the Sarten fault. 
The fault zone thus formed by the Sarten fault extends northwestward 
along Mimbres Valley and forms a great structural feature, which may 
be continuous with the most easterly of the large northwest-southeast-
trending faults of the Santa Rita region, about 25 miles to the north and 
west (Elston, 1953). Movement has apparently taken place along this 
fault several times during the Tertiary era. Early Miocene (?) faulting 
along this line is shown by the absence of some tuff beds (in Dwyer 
quadrangle) on the east side of the fault, which are present on the west. 
This suggests movement along the fault after the deposition of the 
latites and before the formation of the tuff beds. Within the Cooks Peak 
mining district the Sarten fault forms the eastern boundary of the main 
area of ore deposition. The fault appears to predate mineralization, 
although some postmineral movement probably took place along the 
same zone. 


It is likely that Cooks Range is cut off from the plains on the west 
by another large normal fault with a dip to the west. The presence of 
this fault is evidenced by a few small downthrown blocks of Sarten sand-
stone on the west flank of the range. The displacement on the west, or 
"Range Front" fault, based on thickness of the formations displaced, is 
about 2,000 feet. 


The town of Cooks (sec. 24, T. 20 S., R. 9 W.) lies in a broad valley 
which extends south-southeastward for two or three miles. The east 
border of the valley is formed by the East Cooks fault. To the south this 
fault diminishes in throw and is overlapped by the pyroxene andesite 
flows and tuffs of the Old Hadley (Graphic) district. The throw of the 
East Cooks fault is greatest at the point where it joins the Sarten fault. 
At that point uplift of the formations along the East Cooks fault has 
diminished the apparent displacement along the Sarten fault to about 
700 feet. 


On the west side of the Cooks synclinal valley, the Lake Valley 
formation, Pennsylvanian beds, and the Lobo and. Sarten formations 
crop out in a long narrow band which strikes parallel with, and dips 
into, the north-south-trending west edge of the Cooks Peak stock; and 
these formations are bounded by the Sarten fault on the east. At a point 
about a mile south of the town of Cooks, an outlier of Sarten sandstone 
and Lobo shales, dipping away from the intrusive at a steep angle, lies 
against the Lake Valley limestone. 


A cross fault (Othello fault) extends across Cooks Range from the 
Range Front fault on the west to the Sarten fault on the east. This fault 
trends east-west, intersecting the Sarten fault just west of the town of
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Cooks. It is a normal fault downdropped on the north, with a maximum 
throw of about 400 feet, based on the thickness of the strata disrupted. 
No evidence of faulting on this same line is found east of the Sarten 
fault.


The central area of the quadrangle does not appear to have been 
highly disturbed structurally. A few normal faults as much as a mile 
long occur in the volcanic area in the northwest. These faults have a 
N. 30°-40° W. trend and may have throws of as much as 300 feet. Minor 
faults in this area occur in the Santa Fe (?) conglomerates. They are of 
varying strikes and dips and seldom cause displacements of more than a 
few tens of feet. The presence of veins, narrow altered zones, and dikes 
in the volcanics, all of which features have a general N. 35° E. strike, 
suggests that tensional fractures have been developed along that trend. 


The main structural feature of the Lake Valley area is the Lake 
Valley fault block, a tilted block of Ordovician to Mississippian sedi-
ments projecting through, and entirely surrounded by, Tertiary vol-
canics. The block is elongate parallel to the strike of the formations, 
which is generally N. 35°-45° E. The dip of the beds is 15-20 degrees to 
the southeast. Along the scarp of the fault on the northwest side of the 
block, the Ordovician El Paso limestone is in contact with the Tertiary 
Rubio Peak formation. The throw of the fault has been calculated by 
Harley (1934, p 175) to be not less than 625 feet, based on the thickness 
of the sediments; probably it is much more. On the southeast the beds 
dip under the Macho pyroxene andesites at an angle of about 20 degrees, 
with some minor crumpling at the contact, caused by the tilting of the 
block. The southwest end of the block is cut off abruptly by a fault 
trending N. 40° W., the throw of which is unknown, but sufficient to 
bring Tertiary rhyolite into contact with Paleozoic rocks, an estimated 
displacement of the order of 1,000 feet. The limestones on the upthrown 
side of the fault have been shattered and tilted into a broad drag zone 
which formed the locus of mineralization in the Lake Valley district. 


Minor faulting is widespread in Cooks Range and in the Lake 
Valley fault block. In both areas the minor faults appear to have been 
large factors in the localization of the ore deposits. 


Minor faults in the Cooks Peak area are either of the normal or 
the tear type. There are three systems of minor faults. Of the two more 
prominent systems, one strikes N. 55°-65° E., and dips steeply to the 
northwest; the other strikes N. 0°-15° W., and dips steeply to the north-
east. Both appear to be premineral and of less than 100-foot displace-
ment. These faults break the Fusselman limestone in the Cooks Peak 
district into a series of "steps" parallel to the Sarten fault. Locally 
displacement is apparently very small, since dikes follow the fractures 
and there is no discontinuity of the beds on either side of the dike. A 
third system of faults shows a general east-west trend and small displace-
ment (probably not over 20 feet). These faults appear to be postmineral, 
as they displace the ore. 


The order of faulting in the Cooks Peak district is based upon good 
evidence. The N. 0°-15° W. faults and fractures were the earliest system, 
as evidenced by the fact that dikes following these fractures were cut off 
by the later en echelon N. 55°-65° E. system. That both of these frac-
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ture systems are premineral is demonstrated by the fact that mineraliza-
tion occurs both around and in the north-south-trending dikes and in 
the fractures or fault zones of the N. 55°-65° E. system. The more recent 
age of the east-west fractures is shown by the fact that they cut the ore 
zones.	 - 


Later faults, of random strikes, appear in the Lake Valley limestone 
and Percha shale in Cooks Range. Large masses of strata have been 
faulted down from the faces of cliffs by these faults and are thus depend-
ent upon the trend of the cliff face for their direction. The traces of 
these faults are arcuate, suggesting landslides. In one place it was found 
that the beds had broken away from the cliff on only one side, giving a 
scissorlike appearance to the related fault. Faults of this group are 
assumed to have formed as the result of failure of the relatively incom-
petent Percha shale in the steep places along which they appear. There 
is no relation between this group of faults and the mineral deposits. It 
appears, rather, that they are an example of large-scale slumping in a 
topography like that of today. 


In the Lake Valley area, the face of the Lake Valley limestone 
escarpment is broken in several places by faults of northwest-southeast 
trend with displacements of 5-40 feet. The faults are apparently tension 
fractures, which developed as the result of conditions which caused the 
central part of the main fault block to be raised slightly higher than the 
sides. Faults of minor displacement (a few inches to 5 feet) are also 
present on the southeast slope of the limestone hill. These strike north-
east, parallel with the strike of the beds. 


Northwesterly striking fractures are probably present in the mining 
areas, because siliceous and manganiferous stringers trend in that direc-
tion. Some of these fractures may be extensions of minor faults on the 
face of the escarpment. Slight undulations (several square yards in 
area) were noted on the surface of the limestone beds on the dip slope of 
the cuesta. They are probably the result of bedding plane slippage. 


All of the above-mentioned minor structures have important effects 
in controlling the emplacement of the ore bodies of the Lake Valley 
mining district. 


A large outcrop of limestone near Lake Valley, in sec. 21, T. 18 S., 
R. 7 W., is so intensely shattered as to have the appearance of a large-
scale breccia. In no area larger than 50 feet square have the beds been 
found to be of the same horizon or to have the same attitude. This struc-
ture is thought to be a talus deposit resulting from the weathering back 
of the Lake Valley limestone scarp. 


Small blocks of Lake Valley limestone broken up in a similar man-
ner, and found among the andesites and latites on the dip slope of the 
Lake Valley fault block, are thought to be floated blocks which have 
been broken off by, and floated up on, the lava flows. A second explana-
tion is also possible: It may be that minor faulting and brecciation at 
the 1 'bending point" of the large fault block developed such structures, 
and that these limestone blocks may be remnants of a fractured zone 
which provided the locus of development of fissures, from which the 
effusives issued.
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TECTONIC HISTORY 


The geologic history of the Lake Valley region is complex. Very 
little can be determined about its pre-late Cretaceous structure. In 
general, the area was one of minor regional warping in Paleozoic time. 
Unconformities between almost all formations indicate alternating 
sedimentation and erosion, or at least nondeposition. In Triassic and 
Jurassic time the area was probably a lowland source of detritus for the 
Mexican geosyncline to the south. Only thin' Cretaceous beds' were laid 
down. It does not seem probable that much tectonic activity took place 
in the region between Precambrian and late Cretaceous time, as no 
pre-late Cretaceous faulting occurs in the exposed older sediments. 


It is believed that the intrusion of the Cooks Peak granodiorite 
mass, and the major faulting in the area, began in late Cretaceous or 
early Tertiary (probably Laramian) time. Movement along some of the 
major faults probably continued through a large part of Tertiary time, 
and uplift of Santa Fe (?) rocks indicates that the orogeny did not end 
until late Pliocene, or possibly even early Recent times. That some move-
ment has taken place in late Pliocene or Pleistocene time is demonstrated 
by the fact that the Santa Fe (?) formation of Pliocene-Pleistocene (?) 
age is cut by many minor faults and has even developed minor folds in 
some areas. It cannot be demonstrated, however, that these minor struc-
tures are related to larger movements. The lesser faults of N. 3O04O0 W. 
trend were developed in middle or late Miocene (?) time, after the 
extrusion of the Bear Sjrings basalt. The broad major folds, which are 
represented by the anticline in the northeastern part of Lake Valley 
quadrangle, also were developed, it is likely, at that time. The post-Bear 
Springs orogenic activity probably accounts for the formation of the 
great thicknesses of fanglomerate which mark the Santa Fe formation 
not only here, but throughout the state. 


It is interesting to note that in Lake Valley quadrangle the Cooks 
Peak stock probably was emplaced in prevolcanic time. This possibility 
is based on the fact that the volcanics near the intrusive have not them-
selves been cut by intrusions. In contrast, in the Santa Rita area the 
intrusives are mainly intravolcanic in age.







Mineral Deposits 
COOKS PEAK AND JOSE MINING DISTRICTS 


The Cooks Peak and Jose mining districts are on the north side of 
Cooks Peak, about 18 miles southwest of Lake Valley, and the same 
distance north and east of Deming, in sections 13, 14, 23, 24, and 25, T. 
20 S., R. 9 W. The districts are separated by a northward trending ridge 
of Lake Valley limestone. The Jose district is located near the mining 
town of Jose, now deserted, in the northwest corner of the mineralized 
area. The Cooks Peak district includes the southern and eastern parts of 
the area, around the town of Cooks. 


GEoLoGIc RELATIONS 
The ore bodies occur chiefly in the upper part of the Fusselman 


limestone (Silurian), just below the Percha shale. They generally lie 
below the siliceous zone that follows the contact between the limestone 
and the shale (modified manto- [blanket-i type deposits). According to 
Lindgren and Gordon (1910, pp 287-290), "The ore deposits occur 
under broad arches in the limestone beds." Some small pockets of ore 
also have been found in the Cretaceous Sarten sandstone east of Cooks, 
and some in the granodiorite itself. A three-foot vein of quartz with 
scattered sulfides occurs in the granodiorite about 1 mile southwest of 
Cooks. This vein strikes roughly northwest with a steep dip. The ore that 
occurred in pockets in the granodiorite was generally of higher grade 
than the ores in the limestone, especially with respect to silver content; 
it amounted, however, for the most part, to only a few tons or less in 
each pocket. The main ore bodies occur in the Fusselman limestone in 
the Cooks Peak and Jose districts. 


The emplacement of the primary ores appears to have been gov-
erned by a complex of features. The ore follows the minor N. 0°-15° W. 
faults at many places, in a fissure replacement type of mineralization; 
such fissure replacements are often modified into small mantos at junc-
tions with favorable beds and at the base of the overlying, fairly 
impermeable Percha shale. In addition, some pipelike bodies are formed 
at the junctions of faults striking N. 0°-15° W. with faults striking 
N. 55°-65° E. At such localities replacement has been more extensive 
than along single fractures. 


Several types of dikes occur in the mining areas, but only two 
varieties seem to affect ore deposition. Both of the latter are granodiorite 
dikes which follow the same trends as the minor premineral faults. No 
sills were noted in the mines visited, but a former miner indicated to the 
writer that, porphyry (granodiorite) sills are also present and are pre-ore 
in age. He described the ore bodies, moreover, as flattening out and 
becoming larger where a sill is encountered. The upper contact of such 
sills with the limestone generally is barren. 


CHARACTER OF THE ORES 
The primary ores consist chiefly of galena and sphalerite, with a 


gangue of pyrite, minor fluorite, and ankeritic carbonates. Primary ores
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were not exploited at first, because of their depth and the easy access 
to the oxidized ores near the surface. The oxidized ores, from which 
most of the recorded production of the district was derived, are mostly 
lead carbonate, with some zinc carbonate and zinc silicate, and a gangue 
of limonite, gypsum, and calcite. 


It has been assumed that much of the oxidized ore, especially if it 
consists mostly of lead carbonates, was formed in place from the sulfides, 
and that the examined stopes give a fair indication of the original char-
acter of the ore deposits. This assumption is substantiated by the 
discovery of places where the primary ores have not been oxidized 
completely and still remain in place within the oxidized masses. In the 
Jackson Tunnel the ore deposits are in the form of small irregular 
bodies, mostly flat.lying, and pipes, which follow vertically along the 
dikes and fault planes. The appearance is like that of a line of flat beads 
with irregular offshoots, a modified form of blanket deposit. One room 
was found in which the central part of the ore shoot was a large crystal 
cave (Kieft cave) about 100 feet long and 35-50 feet wide. Several smaller 
caves have also been cut through by the mine workings. These caves in 
the limestone appear to be of secondary origin and were probably 
formed by solution during and after the oxidation of the secondary ores. 


In the Jose district primary ores are still in place in many of the 
old workings. Many show slight oxidation. The oxidation is slight owing 
to the tightness of the limestone. 


SILIcIFIcATI0N 


Silicification in and around the mineralized area is marked. In the 
Cooks Peak district there are scattered masses of silica overlying the 
Fusselman limestone outcrop. These appear to be remnants of a siliceous 
layer which formed at one time along the contact between the limestone 
and the overlying Percha shale. At some localities the base of the shale 
has been found to be silicified over small areas. The silica is generally in 
massive form and has the appearance of chert, chalcedony, or jasperoid, 
the shade of color depending upon the amount of associated iron. Vugs 
containing quartz crystals are common. The relations of several colors 
and types of siliceous material within the mass indicate that it has been 
brecciated and recemented. Thus, silicification is thought to have gone 
on over a considerable period of time in more or less discontinuous 
phases. Similar silicification has been found at other levels in the section, 
especially at the base of the Montoya group. At several localities a 
complete transition from limestone or sandy limestone to massive silica 
may be traced along the beds. Such siliceous masses are found also along 
nearby faults. 


Silicification appears to be related to ore deposition. The ore bodies 
are surrounded by silicifled limestone, which is silicified most intensely 
where closest to the ore bodies. It is entirely possible, however, that the 
silicification on a grand scale is not so closely related to the ore deposi. 
don as the minor silicification, because volcanic rocks believed to be 
later than the mineralization are silicified also in other areas. Probably 
silicification took place at various times during the history of the region, 
both before and after the time of actual ore deposition, and the silicify-
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ing solutions were, in different areas, related to different epochs of hot 
springs activity. 


Despite the above observations, the writer believes that at least 
some silicification of the wall rock accompanied mineralization in the 
Cooks Peak area. 


SOURCES OF THE MINERALIZING SOLUTIONS 


The ores of the Cooks Peak and Jose districts are of the mesothermal 
type. The mineralizing solutions may have been related in some way to 
the Cooks Peak granodiorite stock, though the ores might have been 
formed at a later time by solutions unrelated to any visible intrusive. As 
the solutions have formed pockets of ore in the granodiorite, mineraliza-
tion must have taken place after the granodiorite stock was intruded. 


HISTORY AND PRODUCTION 


According to Lindgren and Gordon (1910), ores were first discov-
ered in the Cooks Peak region in 1876, but no important claim locations 
were made until 1880, when the principal producing areas were located 
by Taylor and Wheeler. There was much activity in the years between 
1880 and 1905, during which time the yearly production ranged up to 
1,500,000 lbs of lead and 6,000 oz of silver. The oxidized lead ores of the 
area were rich and eagerly sought by smelting companies, with the result 
that often they were shipped long distances for smelting and refining. 
By 1905 most of the richest ore had been removed and large-scale pro-
duction ceased. Production dropped to less than 100,000 lbs of lead per 
annum by 1911, after which time only sporadic attempts were made at 
further exploration, most of which met with little success. Production up 
to 1910 was estimated at $3 million. 


In 1951 Mr. H. E. McCray, of Deming, obtained leases on some of 
the properties in the Cooks Peak district and brought the district back 
to an active status. Production was small (about 250 tons per month), 
but some of the ores were rich and brought high prices. After the com-
mencement of operations Mr. McCray stated that work was being 
carried on in the Surprise, Mahonney, and A. S. & R. groups of claims. 
It was hoped that possible large bodies of ore might be developed to the 
west of the present workings. 


From the time of opening the mines in mid-February to the end of 
December 1951, production was about 2,500 tons. The sulfide ore in the 
southern area was said to average 25 percent combined lead and zinc, 
made up of 13 percent lead and 11-12 percent zinc, with 1 ½-2 oz of silver 
per ton. The ore in the northeastern area was richer, containing about 
45 percent combined lead and zinc, and averaging 24 percent lead and 
15-16 percent zinc. The ores also contain considerable amounts of pyrite. 
Most of the richer ores are higher in lead than the lower-grade ores. 


The sulfide ores were being shipped in 1952 to the Peru Mining 
Company mill at Deming, 24 miles away by road. The average value of 
the ores sold there was about $40 per ton. Gross value of the ore removed 
during 1951 was estimated by Mr. McCray to be between $100,000 and 
$125,000. About 150 tons of oxidized ores were also produced, but these
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TABLE 6. ANNUAL PRODUCTION-COOKS PEAK DISTRICT

(1902-1947)' 


YEAR
Oa. 


(TONS)


GOLD 
(VALUE IN 
Dou.$)


SILvsa 
(oz)


Coait 
(r.ns)


LEAD 
(uls)


ZINC 
(LDs)


VALUE 
(IN 


nou.ARs) 


1902 1,778 9,275 663,300 $ 31,176 
1903 2,050 5,748 1,343,361 59,997 
1904 1,078 4,401 576,795 27,347 
1905 846 5,199 463,956 24,946 
1906 1,133 7,519 627,344 40,808 
1907 811 5,354 592,151 34,918 
1908 253 1,009 127,535 5,891 
1909 695 4,317 46 597,488 27,943 
1910 457 1,917 47 242,137 11,695 
1911 45 200 32,638 1,575 
1912 927 960 142,680 433,129 36,897 
1913 1,271 1,248 1,395 255,901 695,697 51,189 
1914 1,995 68 2,423 2,181 381,324 793,588 57,043 
1915 1,352 7 422 64,382 647,210 83,506 
1916 2,562 433 56,275 1,390,119 190,444 
1917 2,330 20 3,602 99 272,140 1,067,853 135,340 
1918 1,252 33 1,947 3,150 156,549 463,445 56,046 
1919 122 745 941 26,473 31,575 4,717 
1920' 136 10 1,322 2,223 52,738 21,098 7,788 
1922 81 72 1,130 9,087 24,288 2,106 
1923 8 15 13 1,988 153 
1924 454 70 1,658 573 152,199 13,432 
1925 1,740 109 2,657 1,200 416,230 119,300 47,402 
1926 319 492 242 106,500 42,000 12,011 
1927' 1,006 257 1,335 367 162,238 11,283 
1938 50 393 46,700 2,402 
1939 106 595 800 54,000 9,000 3,563 
1940 152 152 27,000 49,000 4,545 
1941 45 218 200 26,400 1,684 
1942' 17 14 97 11,000 1,296 
1947 77 95 15,900 2,376 
Totals 25,148 $578 65,820 14,607 7,704,409


_______ 
5,787,302 $991,519


1. Reports prior to 1902 not available. Source: U. S. Bureau of Mines files. 
2. Production suspended during the year(s) Immediately following. 


were of low grade, averaging only 10 percent lead. Oxidized ores were 
sent to the smelter in El Paso, Texas. 


Operations in the Cooks Peak district ceased in 1953 as a result of a 
decrease in the price of lead and zinc, which closed down most of the 
lead and zinc mines in New Mexico. 


FUTURE PossIBILITIrs 


In 1952, exploration was being carried on mostly by drifting, and 
development of the ore bodies was by following ore in sight. Thus, 
known reserves were at a minimum. However, much of the Fusselman 
limestone west of the known ore .bearing area is probably mineralized, 
and it was considered safe to estimate that enough ore would be found 
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TABLE 7. COOKS PEAK MINING DISTRICT PRODUCTION 

BY PROPERTIES (1904-1943)1 


PERIoD MINE OR CLAIM
Oits 


(ToNs)
Gou 
(oz)


SILVER 
(oz)


COPPER 
(LBS)


LEAD 
(Las)


ZINC 
(LBs) 


1941 Busted Banker 12 - 43 111 7,109 - 
1924-42 Graphic 221/4 150.00? 476 94 7,233 - 
1941 Gladys 6 - 8 - 1,543 - 
1904-27 Desdemona 8,704 9.50 13,033 2,225 1,958,159 437,844 
1938-42 Lookout2 71 0.85 541 - 61,970 10,888 
1904-18 Contention group 1,488 0.20 1,412 3,292 108,944 880,531 
1920 Webster 42 - 378 - 33,611 - 
1904-27 Inez 1,756 11.62 3,292 2,647 637,812 105,327 
1904-18 Summit group 3,305 0.34 5,533 124 1,050,636 1,530,888 
1914 Poe group 922 3.18 1,274 481 307,973 481,553 
1942 Surprise and Ma-


honney No. 1 shaft 5 - 33 - 4,656 - 
1920 Jumbo 1 - 11 - 361 - 
1941-42 Mickey 10 - 59 - 6,100 - 
1912-16 Silver Cave 471 - 253 13,250 343,690 
1904-17 Lead King 447 - - - - 
1910-12 Old Commodore 27 - 171 - 29,195 - 
1909-19 Hope, Faith & Con-


stant 63 - 675 - 50,399 - 
1906-08 White Oaks 301 - 3,102 - 386,878 - 
1912 West Side 55 - 49 - 7,382 - 
1912-14 Hadley 12 - 57 2,852 447 - 
1911-12 Clara K 29 - 126 - 21,634 - 
1939 Big Lead-Silver2 27 - 100 - 21,317 - 
1923-24 Sycamore, Burrell Sc 


Florida 1 & 2 19 - 87 16 4,640 - 
1918 Little Mary 13 - 51 - 8,931 - 
1920 Raithel 65 - 122 - 16,907 26,371 
1936-42 85 group9 110 14.95 520 181 79,416 17,159 
1904-37 Faywood2 2,358 0.59 13,777 12 1,268,495 213,071 
1939 Greenleaf 2, 3, 4, 5 19 0.20 129 822 149 - 
1909-40 Miscellaneous 932 1.38 3,476 4,487 167,200 384,844 
Totals 21,2921/4 Ti 48,738 17,324 6,262,347 4,432,166


1. Source: U. S. Bureau of Mines files. 
2. In Jose district. 


to continue operations at the same rate as in 1951 for a period of several 
years. It is also possible that further exploration might develop larger 
ore bodies which are now hidden, but without drilling the nature and 
possible extent of such hidden reserves is a subject only for speculation. 


OLD HADLEY (GRAPHIC) MINING DISTRICT 


The Old Hadley (Graphic) mining district is located about 4 miles 
to the south and east of the. town of Cooks, in an area of Tertiary 
pyroxene andesites and andesite tuffs. Lead-zinc ores were mined there 
in the period from about 1880 to 1929. 
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PATENTED CLAIMS IN THE OLD HADLEY MINING DISTRICT, T. 20 S., R. 8 W., 

LUNA COUNTY, NEW MEXICO. 


OCCURRENCE 


The dominant country rock in the Old Hadley (Graphic) district 
is pyroxene andesite of the Macho series. The ores occur as shoots in 
steeply dipping veins, some of which strike parallel to the fault systems, 
which trend N. 0°-15° W. and N. 55°-65° E., as in the Cooks Peak 
district. Others follow a more prominent N. 35° E. trend. Along faults 
and fractures, the andesite is altered to a yellowish clayey, slickensided, 
and gypsum-bearing mass. The silica and clay are commonly stained 
reddish by iron and manganese minerals, probably introduced at the 
time of silicification. Both silicification and the alteration mentioned are 
prominent near the mines, but the ores themselves appear to be richest 
in the less silicified areas. Such relation seems anomalous, as the altered 
material on the dumps indicates by its intimate association with the 
ore minerals that the , mineralizing solutions are at least partly respon-
sible for such alteration. Perhaps the rocks were silicified before the ore 
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was deposited, thus blocking the silicified fractures to ore-bearing solu-
tions. Silica may have been introduced also during the mineralization as 
a secondary phase. This effect, by which the rock is sealed off from ore 
replacement by silica, occurs widely in mining districts, having been 
reported from Leadville (Colorado), Tintic (Utah), and elsewhere. The 
ore deposits were silicified during two periods, one accompanying or 
postdating ore-deposition, the other earlier. The pre-ore silicification, 
however, seems to have been much more widespread. 


A small copper deposit was located at the northeastern extremity of 
the district. In that area there are several veins of chrysocolla in andesite. 
The veins trend N. 35° E. and dip 65°-70° to the northwest. The miner-
alization is sporadic and apparently occurs in shoots. The chrysocolla is 
associated with barite in the upper parts of the veins to a depth of 65-70 
feet. Below this depth the ore becomes more siliceous and has a matrix 
of jasper. Mining apparently was last carried on in this area in 1938. 
Several small shafts and prospect pits have been sunk on the "Copper 
Mine" claim. The main shaft is about 70 feet deep and follows the dip 
of the vein. Whether there were any drifts along the vein at the base of 
the shaft wasP not determined, as these workings .are no longer safely 
accessible. Fred Grover, an old miner familiar with the district, stated 
that the ore may have a lateral extent of 250-300 feet on a vein 3-6 feet 
wide. This vein crops out only sporadically on the surface, but an 
outcrop in a stream bed 300 feet to the northeast is mineralized. Other 
outcrops show only alteration without ore. 


CHARACTER OF THE ORES 


As observed and as described to the author by former miners, the 
lead-zinc ores of the Old Hadley (Graphic) district are similar to those 
of the Cooks Peak district, with the exception that barite is a prominent 
gangue mineral in this area. Oxidized copper ores, consisting of the 
minerals cuprite, melaconite, native copper, and chrysocolla, are also 
present. Assays and production figures for this district are included in 
the figures for the Cooks Peak district under "Graphic group." The two 
districts were separated because they are not immediately adjacent to 
each other, and the ores occur in different ways. 


LAKE VALLEY MINING DISTRICT 


GENERAL GEoLoGIc FEATURES OF THE Disriuc-r 
The manganiferous silver-lead deposits of the Lake Valley mining 


district are confined to a triangular area about half a mile wide and 
1 1/2 miles long, approximately half a mile north of the town of Lake 
Valley, on the southeastern slope of the Lake Valley fault block. In this 
region the Lake Valley limestone, the host formation of the ore deposits, 
is divided by Clark (1894) into three members: the Nodular limestone 
Caballero formation and Andrecito member) at the base, the Blue 


limestone (Alamogordo member) next, and the Crinoidal limestone 
(Nunn and Tierra Blanca members) at the top. The Blue and Crinoidal 
limestones have been referred to as the "Footwall" lime and "Hanging
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Wall" lime respectively, because the ore deposits are for the most part 
confined to a level at or near the contact between the two. 


The most important ore deposits of the Lake Valley district occur 
in a drag zone in limestone formed by the N. 40° W. fault which brings 
the Mimbres Peak rhyolite on the west into contact with the Lake 
Valley formation. Faults of minor displacement (a few inches to 5 feet) 
parallel with the N. 450 E. strike of the beds, minor fractures trending 
northwest, and slight undulations in the beds, apparently caused by 
bedding-plane slippage, are also important factors in the control of ore 
deposition. 


The ore deposits of the Lake Valley district were examined only in 
their surface expression, as most of the old workings are accessible only 
with difficulty. Even from surface examination it is apparent that the 
workings are confined to a layer between the lowest beds of the Blue 
limestone and the base of the overlying Crinoidal limestone. 


The underground workings and primary mineralization have been 
described by Harley (1934, pp 176-184) and Gordon (1910, pp 276-282). 
Creasey and Granger (1953) have mapped some of the underground 
workings. The mineralization is of the bedded type, formed by replace-
ment of the basal layers of the Crinoidal limestone and the upper layers 
of the Blue limestone. Exceptions are some parts of the area on the south-
west, where disruption and brecciation of the footwall chert layer have 
allowed mineralizing solutions to enter. This has resulted in recementa-
tion and transformation of the chert breccia into a siliceous ore. Where 
the overlying Crinoidal limestone is replaced, the folded and dragged 
zones have provided the most favorable sites for ore deposition. The 
highest stopes in the district (Thirty stope, Twenty-five cut, Bridal 
Chamber) are located in this zone. 


An interesting feature of the area is a large outcrop of material 
identified and mapped by Clark (1894) as a latite porphyry intrusive. 
Keyes (1908) referred to this material as "wash." Creasey and Granger 
(1953) describe the rock as "interbedded conglomerate and unconsoli-
dated sand beds derived from the underlying crinoidal and blue lime-
stone members of the Lake Valley limestone intermixed with volcanic 
detritus." The author agrees with Creasey and Granger in their evalu-
ation of the rock. There is a possibility that some intrusive porphyry 
may be present, but the rock fragments found in the area are so altered 
as to make any detailed petrographic analysis practically impossible. As 
this rock is largely covered by a thin layer of soil and alluvium, it has 
been mapped as alluvium (Qal). 


NATURE AND COMPOSITION OF THE ORES 


At the surface and in open cuts and stopes the remaining visible ore 
shows a progressive change from southwest to northeast. The ores of the 
southwestern part of the district are highly siliceous. Stringers and 
pockets of fairly pure manganese oxides occur in massive red, green, 
yellow, and milky chert, which is permeated by a virtual web of thin 
veinlets of manganese minerals. This chert should be distinguished from 
the chert indigenous to the sedimentary formations, as it has formed by
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a different process. To the northeast the silica content gradually dimin-
ishes, and the ores show a more homogeneous mixture of fine-grained 
manganese and iron oxides and hydroxides, which appear as a massive, 
porous black ore. The silver content of the remaining manganiferous 
ores is too small to permit mining for silver. Their high lime content 
makes them desirable as a basic flux for other ores; during World War II 
they were mined as a source of manganese. Manganese contents of up to 
50 percent have been reported, but later exploration by the U.. S. Bureau 
of Mines has shown that, for the most part, the overall manganese con-
tent in the remaining material is fairly low. Beneficiation tests indicate 
that even if the ore were milled, it would be almost impossible to obtain 
a sinter containing over 45 percent manganese economically. The con-
centrate is higher in iron and silica than specifications allow for usable 
manganese ore (Dean, 1948). Ore from this area has been found usable 
for the production of electrolytic manganese with standard processing 
(Jacobs and Fuller, 1946). 


NATURE, SEQUENCE, AND SOURCE OF MINERALIZING SOLUTIONS 


The variations in silica content of the ores and differences in the 
manner of replacement have led some (Keyes, 1908) to postulate dual 
and interacting solutions to explain the manner of ore deposition. A 
more tenable hypothesis seems to be that the earliest ore-bearing solu-
tions had a high silica content, which diminished as deposition went on, 
the silica being gradually replaced by calcium carbonate. Harley (1934, 
p 177) states: 


At first the solutions were high in silica and contained small amounts of 
manganese, iron, and silver. The cherty replacement deposits that they formed 
contained about 75 percent silica, 3 percent . iron, 6 percent manganese, and 
2 to 5 ounces of silver to the ton. Later the solutions were higher in calcium 
carbonate and silver, and during this period they deposited their load of 
silver and iron- and manganese-bearing calcite in the cracks and fractures 
formed within the cherty replacement bodies by the gradual elevation and 
tipping of the fault block within which the ore is found. The primary silver 
minerals were stephanite, proustite, pyrargyrite, and argentiferous galena 
locally, while the primary source of the manganese and iron was principally 
the iron- and manganese-bearing calcite or ankerite, and the iron and manga-
nese content of the chert beds. Some pyrite was also deposited. 


Ankerite has been found in some of the ores on the dumps. Alternatively, 
the manganese oxides may have been introduced in a separate epoch of 
mineralization. 


The ore-bearing solutions are thought by the author to have been 
derived from some unknown deep-seated source, which possibly may be 
related to the volcanic activity in the area. The upward migration of 
these solutions was accomplished through fractures in the limestone. 


OXIDATION OF THE ORES 


The ore deposits were of commercial importance only because the 
original low-grade ore had been enriched by oxidation, transportation, 
and secondary precipitation, which had taken place since the elevation 
and denudation of the fault block. Oxidation has transformed the
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primary silver sulfantimonides to cerargyrite, embolite, and native 
silver; the galena to cerussite, vanadinite, and wulfenite; and the 
ankerite to manganese oxides, limonite, and manganiferous calcite. Sec. 
ondary calcite occurs as veinlets and coatings on manganese minerals 
and cerargyrite. The interaction of calcite and the acid sulfate-bearing 
solutions has yielded large amounts of gypsum. The migration of the 
oxidizing solutions downslope to a level just below or within the cherty 
Crinoidal limestone has resulted in the formation of rich secondary ore 
bodies in the north-south fractures. Ore occurs in some of the fractures 
above and below this stratigraphic level, but is not of commercial value 
(Harley, 1934). In speaking of the oxidation and enrichment of the ores, 
Harley (1934) says: 


Where the chert has been fractured, the ore is siliceous as a rule, but where 
the chert was undisturbed the solutions filtered through the overlying bed of 
limestone, and replaced it to form the basic ores of the district, in which the 
lime content is 35 percent and silica about 20 percent. The solutions permeat-
ing the fractured limestones first filled the fractures and spaces with a mixture 
of manganese oxides, silver minerals, and calcite, and later dissolved out the 
fragments of limestone, leaving a coarse boxwork of the original cementing 
material; still later these openings were filled by ore and gangue minerals. 
Where the secondary ore-depositing solutions precipitated their mineral con-
tent in fractures in the chert the silica content is as much as 60 percent, the 
remainder consisting of limonite, manganese oxides, calcite, and silver min-
erals. In. the intermediate ores, as in the Emporia and Thirty stope workings, 
the lime content averaged about 30 percent. 


HISTORY AND PRODUCTION' 


Ore deposits in the Lake Valley area were discovered first in August 
1878 by George W. Lufkin. Mining started shortly thereafter, and the 
mines were worked continuously for the 15-year period ending in 1893. 
Within a short time after the discovery the best properties were all 
brought under the control of three companies, the Sierra Grande, Sierra 
Bella, and Sierra Apache; these names were derived from the names of 
the groups of claims under the control of each company. After 1893 the 
Sierra Grande company, having managed all the mines for several years, 
acquired control of almost all the properties in the mineralized areas. 
In the early eighties the district was made famous by the discovery of the 
Bridal Chamber, one of the richest single bodies of silver ore ever found. 


The "Bridal Chamber" was discovered in the sinking of an explora-
tory shaft which was to test the extension of a known ore body. 
MacDonald (1908), in a discussion of a paper by Keyes (1908) on the 
area states: 


The vertical section of this shaft showed:
Feet 


Detritus ........................................................ 4 
Fossiliferous lime stained with the oxides of iron and manganese	 20 
Ore averaging 40 oz .................................................... 5 
Ore averaging 60 oz............................................. 
Ore averaging 150 oz............................................ 4 


I. Most of the following information was derived from Clark (1894) and Harley (1934, 
pp 178-179).
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PATENTED CLAIMS IN THE LAKE VALLEY MINING DISTRICT, T. 18 S., R. 7 W., 

SIEIu COUNTY, NEW MEXICO. 


Openspace ....................................................11/6 
Horn silver, averaging 15,900 oz...................................4 
Lead (sand) carbonates averaging 500 oz. silver and 40 per cent of 


lead.............................................................5 
Decomposed lime heavily stained with iron and manganese..........3 
Total thickness of deposit.......................................25 
"Blue" lime .......................................below (undetermined) 


The extraordinary commercial value of the deposit developed at this 
place was due to the occurrence of the streak, 4 feet thick, of nearly pure 
cerargyrite. . 


The downward continuation of this ore as a continuous sheet or bed was of 
limited extent, except for narrow pipes, which extended for considerable dis-
tances in the "blue" lime, but these finally feathered out and ceased entirely 
without leaving even a seam, - . . 


I named the ore-deposit cut in the "joint" shaft the "Bridal Chamber" 
because of the sparkling light reflected by the myriads of crystals of cerargyrite 
and calcite studding the roof of the open space over the chloride streak. The 
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purest specimens of the chloride streak assayed 20,000 oz. of silver to the ton, 
and the average across the 4-ft. faces was 15,000 oz. If the flame of the candle 
was held against any portion of this streak the ore would decrepitate in the 
flame and fuse to a slag. The streak of sand carbonates that underlaid the 
chloride deposit was practically co-terminous with it, and as soon as the 
chloride streak broke up and disappeared the lead carbonates disappeared 
also. At a radius of 15 or 20 feet from the point cut by the "joint" shaft, the 
chloride streak broke up into small streaks and segregations, but the ore con-
tinued to average from 200 to 500 oz. for a considerable distance beyond 
this point, gradually lowering still further as the edge of the deposit was 
approached. 


No ore was being mined in the district in December 1952. During 
World War II, however, considerable quantities of manganese ore were 
mined in the district. At that time the U. S. Bureau of Mines conducted 
an extensive churn drill campaign to locate and block out the more 
valuable of the manganiferous sections of the deposits (Apell, et al., 
1947), though most of these are below standard for current metallurgical 
use, even with hand picking. Most of this substandard ore is still in a 
government stockpile at Deming. 


In the period from 1910 to 1931 small shipments of silver ore and 
fluxing material were made eriodica1ly, mostly in times of high metal 
prices. Since 1 .910 the materials shipped (exclusive of manganese ores 
produced during the war years) totaled 46,261 tons, most of which was 
basic flux and siliceous furnace material low in silver. 


No records of production from this district are available for the 
years from 1894 to 1910, but Harley (1934, p 179) compiled estimates 
obtained from persons familiar with operations. These indicate that a 
total of about 500,000 oz of silver was produced during that period. 
Another 250,000 oz of silver were derived from the 46.26 1 tons of ore 
shipped from the district between 1910 and 1931. Production of silver in 
the district from 1878 to 1893 was as follows (Clark, 1894, p. 150) 


TABLE 8. PRODUCTION OF SILVER IN THE LAKE 

VALLEY MINING DISTRICT (1878-1893)


SILvr.a 
PROPERTY	 (oz) 


Bridal Chamber ............................................ 2,500,000 
Thirty stope .................................................1,000,000 
Emporia incline ..............................................200,000 
Bunkhouse .................................................. 500,000 
Bella chute .................................................. 500,000 
Twenty .five cut ..............................................200,000 
Apache and others .......................................... 300,000 


Total	 5,000,000 


Thus, the total production of silver from the Lake Valley district 
for the period 1878-193 1 amounted to about 5,750,000 oz. 


A core-drilling program undertaken in the years 1928-1929 with 
2½-inch shot drills showed a few minor stringers of ore below the main 
ore bodies, but these were poor and diminished rapidly with depth. The
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top of the Percha shale was found to be barren of ore. One hole, which 
penetrated 400 feet to the top of the Fusselman limestone, showed that 
brecciation and silicification had occurred in the uppermost layers of 
that formation, but no ore minerals were found. 


FUTURE POSSIBILITIES 


Intensive prospecting in the Lake Valley district near the contact of 
the Blue and Crinoidal limestones may yield a few small pockets and 
stringers of high-grade silver ores. Possibilities are also fair that some 
high-grade manganese ores may still be won from the district, but hand 
picking would probably be required to produce ores of metallurgical 
grade, even with the higher-grade ores. The lower-grade ores cannot be 
brought up to metallurgical grade economically, but some sintered con-
centrates containing 45 percent manganese may be produced by jigging 
and tabling the ores and sintering the concentrates thus produced. 


Haile Mines, Inc., of Truth or Consequences (Hot Springs), has 
shown interest in the development of these deposits. In December 1953 
a mill with a capacity of 200 tons per day was under construction at Lake 
Valley to process the ores into a product of sufficient grade to bring a 
profit under a government contract for the purchase of low-grade man-
ganese ore from the district. The mill was in operation, and mining was 
being carried on by open cut methods, early in 1954. 


MACHO DISTRICT 


LOCATION AND GEOLOGIC SErFING 


The Macho mining district, a small lead-zinc mining area, is located 
about 8 miles southwest of Lake Valley and 13 miles northwest of Nutt, 
and about half a mile west of the Wallace ranch on Macho Creek. The 
main activity is confined to an area about 2,000 feet long and 600-800 
feet wide, whose long dimension parallels the general N. 3O04O0 E. 
trend of the veins. Most of the production in this district has been 


- derived from the Bulldog and Anniversary claims, the only ones in the 
district which have been developed to any great extent. In fact, the only 


* shipments of any importance, including practically all of the lead-zinc 
ores and most of the low-grade material which lies on the dumps, have 
been derived from the Old Dude and Anniversary shafts, on the Old 
Dude vein, within the boundaries of these claims. The Bulldog and 
Anniversary claims are owned by Mr. D. M. Miller, of Lake Valley. 


The district is located on the northeast side of a low, nearly flat 
basin which drains to the southeast. In this basin and in other nearby 
low-lying areas, the Macho pyroxene andesite series of the Tertiary 
sequence crops out. These purple andesites, with a few minor exceptions, 
are the only rocks in which veins and mineralization are to be found 
within the district. Where the later flows, which form a series of low 
hills around the basin, have covered the andesites, no mineralized out-
crops of any importance have been found. At places the lowest flows of 
the Rubio Peak series have been altered along the same trend as the 
strike of the veins, but no veins extend into the Rubio Peak andesites
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and latites. For the most part, the veins crop out as yellow altered areas 
in the Macho pyroxene andesites. At a few places, where silicification is 
more pronounced, the outcrops stand out a few inches above the level 
of the country rock. 


No sedimentary rocks crop out within the district. The closest area 
of Paleozoic rocks is in the Lake Valley district. 


PArFERN OF MINERALIZATION 


In his description of the structure and mineralization of the Macho 
district, Harley (1934, p 185) has indicated that the veins are related to 
a series of latite dikes and occur between well-defined walls of andesite. 
Thinsection studies of the country rock and of material from various 
zones within the veins, indicate that Harley probably mistook the 
yellowish altered andesite near fractures for latite. Harley stated also 
that the supposed dikes radiate from a center believed to be a short 
distance southwest of the Anniversary shaft. In preparing a recon-
naissance map of the area (fig 12), the author found no evidence for 
such a radial pattern on the surface. Rather, a series of veins and altered 
linear streaks follow the general N. 3O04O0 E. strike characteristic of 
fractures throughout the entire length of the outcrop. An exception to 
this pattern is the Old Dude vein, which cuts obliquely across the rest 
with a N. 13° E. strike. Such a crosscutting fracture pattern also occurs 
in a mineralized area 1½ miles southwest. It appears that such cross-
cutting fractures localize mineralization, probably by providing access 
to the rising ore-bearing solutions at fracture intersections. 


As previously stated, the latite dikes inferred by Harley appear to be 
alteration zones along fissures. Parallel fractures, perhaps slightly 
faulted, dissect the andesite, and along these fractures the mineralizing 
solutions seem to have risen. The solutions had a different effect along 
the length of the vein, probably depending upon such factors as tightness 
of the fracture, rate and duration of flow, and composition of the solu-
tions. For the most part the andesite was altered and partly silicified, but 
in some areas the silicification went on to a much greater degree, and 
manganese, lead, zinc, vanadium, and barium minerals were introduced. 
The purple andesite of the country rock can be seen everywhere to grade 
into the yellowish "latite dikes," and there is a complete transition from 
andesite to silicified yellow altered rock. In the more heavily affected 
areas, the transition may be traced into the barite- and galena-bearing 
siliceous central zone of a given vein. Minute vuggy structures in the 
silica indicate that brecciated areas probably occurred near the center-
lines of the veins, but for the most part the veins are the direct result of 
alteration and replacement of the pyroxene andesite country rock by 
hydrothermal solutions. This effect is similar in many respects to the 
alteration found at Butte (Sales and Meyer, 1949), although the min-
erals are not the same. There is marked gradational zoning in the veins. 
It is assumed that each stage of alteration was carried on at the same 
time as the others, the zones developing and becoming more widespread 
as the solutions had more time to permeate the rock and cause further 
changes, enlarging the affected area and pushing the zone boundaries 
outward from the source of the solutions. In the outermost (first) zone, 
the pyroxene andesite has been chloritized for about 50 feet from the
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centerlines of the veins. About 3-4 feet from the centerlines the feldspars 
begin to show the effects of the alteration. The second zone is the area 
where the feldspars are sericitized and some silicification takes place. The 
third zone is from 1 to 3 feet from the centerlines of the veins. There 
silicification is marked, the ferromagnesian minerals being replaced 
completely by silica, leaving halos of hematite and some magnetite; the 
feldspars are almost completely replaced by quartz and some sericite; 
and some barite was introduced. The veins proper are 6 inches to 1½ feet 
wide and consist almost entirely of quartz, barite, and sulfides (p1 5-F). 
The Old Dude vein, which was not examined because the workings were 
all under water, is said to be 4-6 feet wide in the richest parts and to have 
a hard core of quartz, barite, and sulfides from 2 to 4 feet wide. Sulfides 
are said to make up between 15 and 40 percent of this core, which is sur-
rounded by softer altered rock containing 3-5 percent sulfides. This indi-
cates that the rock was probably silicified and altered before the sulfides 
were introduced, and that the metallizing solutions were low in silica. 
The third zone of alteration was metallized. The metallization was 
accompanied by the extensive silicification so characteristic of the nar-
rower, lower-grade vein deposits on the surface. 


In areas where the alteration has not gone beyond the second stage, 
or has advanced possibly as far as slightly into the third stage, there is 
no vein in the proper sense of the word, but only an altered zone about 
3 feet wide. These altered zones have been traced by more or less dis-
continuous outcrops at least 2 miles to the southwest of the Macho dis-
trict on the same remarkably constant N. 30°-40° E. strike, and 3 miles 
to the northeast. At various places along the strike, veins with manganese 
and lead-zinc minerals are seen. One is about 1¼ miles southwest of the 
Macho district. There the veins are silicified to a width of 2 or 3 feet and 
contain stringers of manganese minerals (pyrolusite and psilomelane) 
for about 2,000 feet along the strike. Another is just south of the Wallace 
ranch, on Macho Creek, about half a mile northeast of the mines, where 
an old prospect pit reveals a narrow vein containing as much as 10 per-
cent sulfides (estimated from megascopic examination) - 


The belt containing altered zones and some veins is about a third 
of a mile wide, but the whole width of this belt is exposed only at the 
Macho district, where the altered zones may be found in small outcrops 
for perhaps 1,200 feet southeast of the mineralized area. 


NATURE OF THE ORES 


The ore minerals of the district are galena, cerussite, anglesite, 
sphalerite, calamine (hemimorphite) , vanadinite, wulfenite, and pyrite. 
The gangue is mostly quartz, which is cherty and shows microvuggy 
structure. 


The following is derived mostly from Harley (1934, pp 186-190). 
Hypogene ore mined in the brecciated portion of the Anniversary vein 
was reported to contain up to 15 percent lead. The low-grade ore in the 
altered pyroxene andesite averages 3-4 percent lead. The silver content 
of the ore averages 0.6 ounce per ton for each percent of lead in the ore. 
Gold in the ore averaged 600 to $1.06 perton, depending upon the grade 
of lead. Sorted ore from the upper portions of the vein yielded 1 percent
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vanadium for each 5 percent lead. Ore from shafts on other veins con-
tains considerable vanadinite, but little lead and zinc. 


MINE WORKINGS 


The main development work was done from the 500-foot Anniver-
sary shaft, 300 feet south from the 300-foot Old Dude shaft. Levels were 
driven between the shafts at 100 and 300 feet. South of the Anniversary 
shaft, levels were driven at 100, 200, 400, and 500 feet below the surface. 
About 200 feet south of the shaft, a barren dike (?) is said to cut off the 
vein. A diamond-drill hole which extended from 300 to 400 feet below 
the 400-foot level at its end, 150 feet from the shaft, is reported to have 
struck Fusselman limestone at its bottom. 


At the time of the writer's visit, water was standing at a level of from 
40 to 60 feet below the collars of both shafts, and the underground work-
ings could not be reached. Mr. Miller has stated that 40-60 gallons per 
minute had to be pumped when the mine was unwatered and working, 
and that this amount did not diminish during the entire period of opera-
tion. Other shafts are located 800 and 1,000 feet northeast of the Anni-
versary shaft (see map). Neither of these was accessible. The dump of 
the former contains fragments of manganese oxides, probably psilome-
lane. The oxides appear to have developed in open spaces in brecciated 
andesite. The spaces were filled later with calcite. On fracture faces the 
rock gives the appearance of small black globules of manganese minerals 
embedded completely in calcite. The latter shaft, estimated to have been 
originally. 300-400 feet deep, has now caved to about 100 feet below the 
surface. The workings are in slightly altered pyroxene andesite. 


Harley (1934) mentions secondary enrichment and leaching, espe-
cially with relation to zinc, indicating that manganese oxides, limonite, 
anglesite, cerussite, smithsonite, and hemimorphite were formed. Prob-
ably enrichment did occur in the upper part of the Old Dude vein, but 
the author has found no evidence of secondary enrichment in the veins 
in other areas. 


HISTORY AND PRODUGFION (Harley, 1934) 
The Macho district was discovered in 1879 or 1880 by prospectors 


attracted to the region by the discovery of the rich Lake Valley ores 
nearby. Pay ore was found at the surface in the Anniversary vein, and 
some mining was done in 1880. It is estimated that 1,000 tons of ore were 
removed prior to 1904. Except for assessment work, the mines were idle 
from that time until 1926, when intensive development work was begun 
on the Anniversary and Bulldog claims. About 1,640 tons of ore were 
shipped during this period, which extended until 1928. Some 10,000 tons 
of material remain on the dumps from this period of activity. Ore not 
suited for direct shipping was screened through a ½-inch screen, the 
oversize being hand-sorted and the undersize jigged in a Joplin-type jig. 
The dump has been estimated to contain 4,000-5,000 tons of jig rejects 
averaging 3 percent lead, 1,000 tons of screened undersize averaging 4.5 
percent lead, 4,000-5,000 tons of combined waste averaging 2-3 percent 
lead, and partly sorted broken material averaging 4-5 percent lead. The 
ore shows a remarkably consistent relationship between the metals in
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the various grades. The ore from the lower levels was richer than that 
from the upper levels of the mine. Lead content (including concen-
trates) varied from 7.7 to 26.1 percent, silver from 4.6 to 15 ounces per 
ton, and gold from 550 to $1.14 per ton (at $20.00 per ounce). 


FUTURE POSSIBILITIES 


Harley (1934) indicated that there are large amounts of ore in 
place in the mines above the 300-foot level and probably considerable 
ore in place below the 300-foot level. He stated that "it appears that 
there may be enough ore on the dumps and in place in the veins to run 
a 50-ton mill for a period of three years," on the basis that low-grade ores 
would also be mined and the dumps reworked. 


VICTORY CLAIMS 


Early in 1941 Mr. 0. H. Franks located the Victory claims in sec. 6, 
T. 19 S., R. 7 W., on a vein which trends in a general northeasterly direc-
tion (about N. 65° E.). This vein contains calcite, much of which is of 
suboptical grade. The vein averages 3 feet wide. It is traceable for only 
about 200 feet, but may continue for a considerable distance along the 
strike. It is located in latite porphyry which has been invaded by dikes 
nearby. The depth to which calcite may be traced was given as 300 feet 
by Mr. Franks, based upon the estimates of government geologists. The 
suboptical-grade calcite occurs in small pockets scattered thickly 
throughout the massive calcite of the vein. Up to the present time only 
one 14-foot prospect shaft has been sunk on the property. As the calcite 
crystals are of small size and difficult to remove without fracturing or 
straining, it remains to be seen whether the claims can be worked at 
a profit.


PERLITE DEPOSITS 


Perlite is a glassy rhyolitic volcanic material with perlitic structure 
used as a light aggregate because of its peculiar property of expanding, 
on heating to about 1000°C, with little loss in strength relative to its 
bulk density. It has been found in several localities in Lake Valley quad-
rangle. The largest deposit crops out in association with rhyolitic flows 
in parts of sections 19, 20, 29, 30, 31, and 32, T. 18 S., R. 7 W., about 2 
miles west and south of Lake Valley. From present indications, this 
deposit, a sill about 40 feet thick, covers an area of 3-4 square miles. Mr. 
C. A. McKinney, who owns or leases the land for grazing, holds the min-
eral rights to the property by right of claim. The perlite samples pro-
vided by him are of good quality, with exceptionally good properties of 
expansion and strength. However, most of, the perlite is overlain by 100-
200 feet of overburden. The nearest railhead is 16 miles away at Nutt. 


Another deposit of perhaps several hundred tons was located on the 
Booth property in NE¼ sec. 1, T. 19 S., R. 8 W. Other deposits have been 
found in NW¼ sec. 2, T. 19S., R. 8 W., SW¼NW IA sec. 15, SE¼SW¼ 
sec. 16, and center sec. 17, T. 18 5., R. 8 W. These deposits are small and 
inaccessible by road.
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REGIONAL FEATURES OF MINERALIZATION 


STRUCTURAL RELATIONS 
The Macho district (lead-zinc) lies along a zone of mineralization 


that has been traced by means of scattered outcrops for a distance of five 
miles along a N. 3Ø0.4Ø0 E. trend. The same trend is followed by latite 
dikes in the Rubio Peak series. The Old Hadley (Graphic) district on 
the southwest and the Lake Valley district on the northeast appear to be 
located on extensions of this same trend. Mineralization appears to 
occur on this trend in areas where cross faults have provided fracture 
intersections which allowed mineralizing solutions access to favorable 
host rocks. Though there is no conclusive evidence that this trend is con-
tinuous between the districts, it may provide a useful guide to explora-
tion. It is possible that other mineral deposits may occur in the region 
on or near the same trend. 


ORIGIN OF THE MINERALIZING SOLUTIONS 
Mineralization in Lake Valley quadrangle probably took place in 


two or more epochs. The ores of the Cooks Peak mining district are suffi-
ciently different from those of the Old Hadley (Graphic) district and 
the Macho district to make it probable that they had different origins in 
space and time. The ores of the Lake Valley district may have been 
deposited during one of those epochs or at a different time. Manganese 
mineralization in the northeast-trending veins also is thought to be a 
product of a different epoch. 


It is probable that mineralization in the Cooks Peak mining district 
is related to solutions associated with the source of the granodiorite 
stock. As in most mineral districts near intrusives, the mineralization 
appears to have taken place after the emplacement of the stock and its 
related dikes. The Cooks Peak stock is the only intrusive nearby, and 
small sulfide pockets have been found in the stock itself. The ores that 
occur within the granodiorite contain the same minerals as occur in the 
limestone replacements of the Cooks Peak district, but are generally 
higher in silver content. There is also a small possibility that the ores 
may have been deposited by solutions which were the product of deep-
seated activity in another epoch. 


The ores of the Macho and Old Hadley districts were probably 
formed by solutions generated at deep levels during one of the later vol. 
canic epochs. They do not appear to be closely related to the ores of the 
Cooks Peak district. The Cooks Peak stock appears to be earlier than the 
Macho andesites. The only contact between the intrusive and the vol-
canics is a faulted one. It is inferred nevertheless that the volcanics would 
have been intruded by granodiorite, if the intrusion occurred after their 
emplacement. Further evidence of a younger age for the volcanics is the 
fact that the conglomerates in the lower part of the Macho formation 
contain pebbles of granodiorite. The lead-zinc mineralization in the 
Macho and Old Hadley districts is confined to Macho rocks. Some altera-
tion extends into the lower flows of the Rubio Peak series, but the only 
metallization in Rubio Peak rocks is manganese oxides, which appar-
ently are a product of a later epoch. Thus, the lead-zinc metallization in
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the Macho rocks may be dated tentatively as early Rubio Peak. The 
manganese metallization is penecontemporaneous with, or later than, 
Rubio Peak time. The ores of the Macho and Old Hadley districts con-
tain barite and vanadium minerals. No barite, and no vanadium min-
erals occur in the ores of the Cooks Peak district. It is especially surpris-
ing that barite, generally so typical of lead-zinc mineralization, is lacking 
in the Cooks Peak ores. Yet barite may be classed as characteristic in the 
vein deposits in añdesite. The later (?) manganese ores also contain no 
barite. 


The ores of the Lake Valley district combine features of two postu-
lated epochs of mineralization. The lead-zinc-silver content suggests a 
relation to the Macho and Old Hadley deposits, and the manganese con-
tent a relation to the later period of manganese mineralization. It is 
probable, however, that both types of mineralization occurred contem-
poraneously in this area, as postulated by Harley (1934, p 177). The 
ore-bearing solutions were probably related to sources similar to those 
which generated the ore-bearing solutions which metallized the Old 
Hadley and Macho districts.







Summary 
Lake Valley quadrangle is in semiarid southwestern New Mexico, 


about 30 miles southeast of Silver City and 85 miles north and west of 
El Paso, Texas. The rocks range in age from Precambrian to Quaternary, 
but are chiefly Paleozoic limestones, Cretaceous clastics, and Tertiary 
lavas of great thickness. In Cooks Range Paleozoic sandstones, lime-
stones, and shales lie unconformably on Precambrian granite and are 
overlain in various localities by Mesozoic shales, limestones, and sand-
stones. The range is a fault block intruded by a granodioritic mass of 
late Cretaceous or early Tertiary age. Correspondingly, the Lake Valley 
area is a large tilted fault block of Paleozoic sediments surrounded by 
volcanics of Tertiary age. 


The Tertiary rocks include pyroxene andesites, amphibole latites, 
quartz latites, rhyolites, basalts, and their fragmental equivalents. Petro-
graphic descriptions of all these rocks are given. 


Faulting in the area follows a general northwest trend, though some 
northeast trending cross faults are present. Minor faults are not related 
closely to the general structural pattern. 


Five important mining districts, the Cooks Peak and Jose districts 
(lead-zinc-silver), the Old Hadley (Graphic) district (copper-lead-zinc-
silver), the smaller Macho district (lead-silver-zinc), and the Lake 
Valley district (silver and manganese) are in the quadrangle. Several 
other, less important, deposits of metallic and nonmetallic minerals have 
been investigated.
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Appendix 


EXPLANATION OF THE GEOLOGIC SECTIONS

ACCOMPANYING THE GEOLOGIC MAP OF 



LAKE VALLEY QUADRANGLE 


It should be noted that the thicknesses of the volcanic formations 
are not so consistent as they have been assumed to be for the purposes of 
making these sections. Variations in thickness have been noted on a 
regional scale. Local variations are also known to occur. Such differences 
are the result of the very nature of the deposition of volcanic rocks, 
which spread out from an eruptive center or centers. However, since 
there is no possibility of determining where such changes of thickness 
take place in the subsurface, or whether the formations become thicker 
or thinner at any given subsurface locality, the generalized type of pres-
entation has been adopted. 


The term "pre-Tertiary" is used to describe the rocks beneath the 
volcanic series, because there is presently no way of knowing what 
formations were exposed on the prevolcanic surface. 


The feeder pipes or dikes of the Mimbres Peak rhyolite domes are 
shown diagrammatically. Their true nature is not known except by 
analogy with Dwyer quadrangle on the west, where pipelike masses of 
breccia are regarded as the eroded remnants of such feeders. 


Section A-A', which extends from Cooks Range to the Macho min-
ing district, provides a more graphic representation of the faulting in 
Cooks Range. The easternmost fault in Cooks Range may have parallel 
subsidiary faults on the downthrown side. However, as the fault line 
itself is covered by talus and alluvium, and much of the remaining part 
of the area is covered by later fanglomerate of Santa Fe (?) age, no evi-
dence is present to substantiate the presence of subsidiary faults. 


Section B-B' demonstrates the deposition of tuff in topographic lows 
in the Rubio Peak formation. The general dip of the formations to the 
west is the result of a large anticlinal structure whose axis is east of the 
end of the section. 


Section C-C' covers a line between the headwaters of White Rock 
Creek and the northeast corner of the quadrangle. The main features 
shown are: (1) the intrusive nature of the rhyolites of the Mimbres Peak 
series; (2) filling of topographic lows by the Sugarlump tuffs; (3) the 
large fault in White Rock Creek; and (4) the main northwest-trending 
fault of the Lake Valley fault block. 


The thinning of the Rubio Peak formation in the basins where 
Santa Fe (?) fanglomerates were deposited is postulated on the premise 
that the basins are erosional rather than structural. Although there is 
evidence of faulting in the Rubio Peak formation, it is almost impossible 
to trace faults along the strike because of the absence of marker horizons. 
Evidence that the basins are structural is therefore lacking. The author 
believes that the basins are at least partly erosional in any event.
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Bat Cave formation, see El Paso group 
Bear Springs basalt, 39, 48-49, 50, 51, 59 


analysis, 50 
norm, 51 
time, 59 
type locality, 48 


Benton-Niobrara time, 4, 27 
Biotite, 38, 40, 41, 44, 45, 47, 49, 53, p1 


5-D 
Black Range anticline, 6 
Bliss sandstone, 5, 67, 8, 32, 55 


age, 7 
measured sections, 7, 32 


Blue limestone, 18, 68, 69, 72, 74 
Bolson deposits, 4, 31 
Bowsher, A. L., 16, 21, 22-23, 27 
Box Canyon rhyolite, 47 
Bridal Chamber, 2, 69, 71-72, 73 


Caballero formation, 5, 16-17, l 2-B, 35, 
68 
age, 17 
fauna, 17 
measured sections, 17, 35 


Caballo Blanco tuff, 47 
Cable Canyon sandstone, see Montoya 


group 
Calamine, see Hemimorphite 
Calcite, 48, 62, 71, 72, 79 


iron- and manganese-bearing, 70,71


suboptical grade, 80 
Cambro-Ordovician, 5, 6, 32 
Canadian series, 5, 8, 32 
Caves, 62, 63 
Cerargyrite, 2, 71, 72 
Cerussite, 71, 77, 79 
Chert: 


introduced, 15, 69 
Chlorite, 6, 38, p14-A, B, 75 
Chrysocolla, 68 
Clark, Ellis, 71, 73 
Climate, 2 
Colorado series, 4, 27 
Colorado shale, 4, 27, 34 


age, 27 
description, 27 
fauna, 27 
section, 34 


Comanche series, 4, 26 
Conglomerates, 5, 22, 24, 26, 27, 28-30, 


34, 35, 69 
chert, 5, 22, 24, 26, 34, 35 
intravolcanic, 30 
prevolcanic, 27 
postvolcanic, see Santa Fe (?) forma-


tion 
Cooks Peak, 2, 55 


intrusive, see Granodiorite porphyry 
mining district, see Mining districts 


Cooks Range, 2, 4, 6, 32, 33, 34, 37, 54, 
55, 56, 87 


Cooks, town of, 24, 56, 60 
Copper, 65, 66, 68 


native, 68 
production: 


Cooks Peak and Jose districts, 65, 66 
Old Hadley (Graphic) district, 66 


Creasey, S. C., 69 
Cretaceous, 4, 6, 26, 31, 34, 36, 59 
Crinoidal limestone, 18, 68, 69, 71, 74 
Cristobalite, 44, p1.4-F 
Cuprite, 68 
Cutter formation, see Montoya group 


Darton, N. H., 24, 25 
Derry, C. S., 29-30 
Des Moinesian series, 5, 21, 23 
Devonian, 5, 15, 33, 35 
Dikes, see Intrusive rocks 
Dolomite, 5, 8, 9, 10, 11, 12, 13, 14, 15, 


32, 33, 35
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Dolomitization, 11	 Grover, Fred, 68 
Dwyer quadrangle, 40, 42, 45, 46, 47, 49, Gym limestone, 24, 25 


56	 Gypsum, 62, 67, 71 


Eckelman, F. D., 3 
El Paso group, 5, 8-11, 32, 35, 55 


age, 8 
Bat Cave formation, 8-11, 32, 35 
fauna, 8-11, 32, 35 
measured sections, 9, 10, 11, 32, 35 
Sierrite limestone, 8,. 10, 32 


Elston, W. E., 29, 40, 42, 45, 47, 48, 56 
Embolite, 71 
Epidote, 6, l 4-A 
Epidotization, 6 
Erosion, 11, 36 


Fanglomerates, 4, 1 3-B, 28-30, 39 
Faults, 4, 6, 11, l 2-B, 28, 54-59, 60, 63, 


67, 69, 75, 87 
major: 4, 6, 11, 54-56, 69, 87 


East Cooks, 54-56 
Othello, 56 
Range Front, 56 
Sarten, 54, 56 
trends, 54 


minor, l 2-B, 28, 57, 58, 59, 60, 63, 67, 
69, 75 


Field work, nature of, 3 
Flower, R. H., 3, 8, 12, 27 
Fluorite, 60, 63 
Folds, 54, 59, 87 
Footwall limestone, see Blue limestone 
Franks, 0. H., 80 
Fusselman limestone, 5, 15, 33, 35, 55, 


57, 60, 63, 79 
age, 15 
fauna, 15 
sections, 15, 33, 35 
silicification in, 15, 62-64, 74 


Galena, p1 5-F, 60, 70, 75 
argentiferous, 70 


Geography, 2 
Gila conglomerate, 30 
Glauconite, 7 
Gold, 65, 66, 77, 80 


production: 
Cooks Peak and Jose districts, 65, 66 
Old Hadley (Graphic) district, 66 


Granger, A. E., 69 
Granite, see Precambrian granite 
Granodiorite porphyry (see also Intru-


sive rocks), 28, 37-38, 50, 51, 54, 55, 60, 
64, 81 
analysis, 50 
norm, 51


Haas, Otto, 16 
Hanging Wall limestone, see Crinoidal 


limestone 
Harley, G. T., 70, 71, 73, 75, 77, 79, 80 
Hematite, 7, l 3-A, 26, 40, 44, 51, 77 
Hemimorphite, 77, 79 
Hernon, Robert, 37 
Hornblende, 37, 38, 40, 48, 49, 53, p1 5-B 


basaltic, see Lamprobolite 
Hypersthene, 42, 48, 49, l 4-C, D 


Iddingsite, 39, 48, 49, p1 5-D 
Intrusive rocks (see also Granodiorite 


porphyry), 6, 7, 10, 38, 49, 50, 51, p1 
5-E, 52, 54, 60, 63, 75, 79 
dikes, 6, 7, 49, 52, p1 5-E, 60, 63, 75, 79 


diorite, 37, 52 
glass, 52 
granodiorite, 52, 60 
latite, 49, 52, p1 5-E, 75 
rhyolite, 6, 7 


plugs, 37 
basalt, 37 


sills, 7, 10, l 3-A, 52, 60

granodiorite, 10, 60 
rhyolite, 7, l 3-A 


Iron oxides, 70 


Jurassic, 59 


Kelley, V. C., 8 
Kelly limestone, 21 
Kinderhookian series, 17 
Kneeling Nun rhyolite tuff, 39, 44-45, 50, 


51 
analysis, 50 
norm, 51 
type locality, 44 


Kuellmer, F., p12-A 


Labradorite, 40, 52 
Lake Valley, 2 


fault block, 4, 35, 54, 57-59, 68, 87 
formation, 5, 17-21, l 2-B, 33, 35, 54, 


55, 68, 69 
age, 17 
Alamogordo member, 17-21, 33, 35, 


68 
Andrecito member, 17-21, 33, 35, 68 
description, 17-21 
fauna, 19, 20 
measured sections, 20, 21, 33, 35 
Nunn member, 17-21, 33, 35, 68
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thickness changes in, 18, 19 
Tierra Blanca member, 17-21, 33, 


35, 68 
mining district, see Mining districts 
town of, Frontis., l 2-A, 68 


Lamprobolite, 40, 41, 47, 49, p1 4-E, p1 
5-A, E 


Laramian time, 59 
Lead, 62, 64, 65, 66, 68, 72, 77, 79, 80 


carbonate (see also. Cerussite) , 62, 72 
production: 


Cooks Peak and Jose districts, 64, 65, 
66 


Macho district, 79 
Old Hadley (Graphic) district, 66 


Leonard series, 5, 25 
Limonite, 22, 62, 71 
Lobo formation, 5, 24-26, 34 


age, 24, 25 
description, 24 
measured sections, 24, 25-26, 34 


MacDonald, B., 71-73 
Macho: 


creek, 47, 49, 74, 77 
mining district, see Mining districts 
pyroxene andesite, 39-40, 50, 51, l 


4-C, 67, 74, 75, 81 
analysis, 50 
norm, 51 
type locality, 39, 40 


Magdalena group, see Pennsylvanian 
rocks 


Magnetite, 6, 40, 41, 45, 47, 48, 49, 51,

52, p1 4-B, D, E, 53, p1 5-A, C, 77



Manganese, 2, 67, 68, 69-71, 73, 74, 77, 
79, 81, 82 
mining of, 2, 73, 74 


McCray, H. E., 64 
McKinney, C. A., 46, 80 
Melaconite, 68 
Mexican geosyncline, 59 
Microcline, 6, l 4-A 
Miller, D. M., 74, 79 
Mimbres: 


Range, 4, 6, 54 
Valley, 56 


Mimbres Peak rhyolite, 39, 45-47, 50, 51, 
87 
analysis, 50 
norm, 51 
tuffs in, 46 
type locality, 45 


MiniFig districts, 2, 40, 60-80, 81 
Cooks Peak, 60-66, 81 


claim map, 61 
future, 65, 66


geology, 60 
history and production, 64-66 
mine maps, 63 
ores, 60, 62 
silicification in, 62-64 
sources of mineralizing solutions, 


64, 81 
Jose (see Cooks Peak district) 
Lake Valley, 2, 68-74, 81 


claim map,.72 
future, 74 
geology, 68, 69 
mineralizing solutions, 70, 81 
oxidation, 70, 71 


Macho, 74-80, 81 
claim map, 78 
future, 80 
geology, 74-75, 76 
history and production, 79, 80 
mineralization, 75-77, p1 5-F 
ores, 77, 79 
sketch map, 76 
workings, 79 


Old Hadley (Graphic), 40, 52, 66-68, 
81 
claim map, 67 
ores, 68 


Miocene epoch, 4, 29, 38, 56, 59 
Mississippian, 5, 16, 33, 35, 36 
Missourian series, 5, 21, 23 
Montoya group, 5, 11-15, 33, 35, 54, 55 


age, 11 
Aleman formation, 11, 12, 13,33,35 
Cable Canyon sandstone, 11, 12, 13,33, 


35 
Cutter formation, 11, 13, 33, 35 
fauna, 11-15 
measured sections, 13-15, 33, 35 
silicification in, 13, 62-64 
Upham dolomite, 11, 12, 13, 33, 35 


Niagaran series, 5, 15 
Nodular limestone, 18, 68 
Norms of eruptive rocks, 39, 51 
Nunn member, see Lake Valley forma-


tion 


Old Hadley (Graphic) district, see Min-
ing districts 


Oligocene epoch, 4 
Oligoclase, 45, 48, 52 
Olivine, 49 
oolite, 8, 9 
Ordovician, 5, 8, 31, 32, 33, 35 
Orthoclase, 6, 38, 41, 51, 1 4-B, E 
Osagian series, 5, 16, 17 
Oxidation, 62, 67, 68, 70, 71, 79
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Pediments, 30 
Pennsylvanian: 


rocks, 5, 21-24, 34, 35 
age, 23 
fauna, 23 
measured sections, 22, 34 


time, 5, 21, 34, 35 
Percha shale, 5, 15-16, l 2-B, 33, 35, 54, 


55, 60, 74 
age, 16 
Box member, 16, 33, 35 
measured sections, 33, 35 
Ready Pay member, 16, 33, 35 


Perlite, 39, 45, 46, 80 
Permian, 5, 23, 24, 34 
Petrography, 38-39 
Petrology, 49-51 
Physiography, 2 
Piloceras beds, 8,9, 10, 11,32 
Pleistocene: 


epoch, 4, 30, 38, 39, 59 
gravels, 4, 30 


Pliocene epoch, 4, 30, 38, 39, 59 
Plugs, see Intrusive rocks 
Pollack Creek, 47 
Pollack quartz latite, 39, 47, 50, 51 


analysis, 50 
norm, 51 
type locality, 47 


Precambrian: 
granite, 5, 6, 7, 32, p1 4-A, 54, 55 
time, 5, 6, 32, 54, 55, 59 


Proustite, 70 
Psilomelane, 77, 79 
Pyrargyrite, 70 
Pyrite, 60, 70, 77 
Pyrolusite, 77 


Quartz, 6, 14, 15, 28, 38, 39, 44, 45, 47, 
48, 51, 52, l 4-A, C, F, p15-A, B, C, F, 
60, 62, 77 


Quartzite, 5, 6, 7, p1 3-A, 26, 32 
Quartzite ridge, 15 
Quaternary, 4, 30 


Razorback formation, 30, 39, 47-48 
type locality, 47 


Recent time, 4, 31, 59 
Reeside, J . B., Jr., 27 
Richmond series, 5, 11 
Rubio Peak formation, 39, 40-42, 50, 51, 


52, l 4-D, E, 53, 54 
analysis, 50 
norm, 51 
time, 82 
type locality, 40 


Rustler basalt, 47


Sanidine, 40, 41, 42, 44, 45, 47, 48, l 4-F, 
53, 1 5-A 


Santa Fe (?) formation, 4, 1 3-B, 27, 
28-30, 39, 56, 57, 59, 87 


age, 29-30 
description, 28-29 
origin, 29 


Sarten: 
ridge, 55 
sandstone, 4, 26, 34, 54, 55, 60 


age, 24 
description, 24 
fauna, 24 


Sericite, 6, 1 4-A, 77 
Schmidt, Raymond, Frontis. 
Schmidt, Henry, Frontis. 
Sierrite limestone, see El Paso group 
Silicification, 13, 15, 52, 62-64, 67, 68, 71, 


77 
in Fusselman limestone, 15, 62-64 
in Macho district, 77 
in Montoya group, 13, 62-64 
in Old Hadley (Graphic) district, 67, 


68 
Sills, see Intrusive rocks 
Silurian, 5, 15, 33, 35 
Silver, 60, 64, 65, 66,68, 70, 71, 72, 73, 77, 


80 
horn, see Cerargyri te 
native, 71 
production: 


Cooks Peak and Jose districts, 65, 66 
Lake Valley district, 73 
Macho district, 80 
Old Hadley (Graphic) district, 66 


Silver, Caswell, 8 
Smithsonite, 79 
Sphalerite, 60 
Stephanite, 70 
Stilbite, 48 
Stratigraphy, 4-5, 31-37 
Stromatolites, 9, 10, 11 
Sugarlump tuffs, 39, 41, 42-44, l 4-F, 


50, 51, 87 
analysis, 50 
norm, 51 
type locality, 42 
weathering, 43 


Talus, 31, 58 
Taylor Creek, 47 
Terrace gravels, 4, 30, 31 
Terraces, 30, 31 
Tertiary, 4, 6, 27, 37-53, 56 
Tierra Blanca member, see Lake Valley 


formation 
Trenton series, 5, 11
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Triassic, 24, 25, 59 
Tridymite, 44 
Tuffs, 39, 41-45, 46, 47, 50, 51, p1 1-F, p1 


5-A,87 
welded, 44-45, l 5-A 


Upham dolomite, see Montoya group 
U. S. Bureau of Mines, 65, 66, 70, 73 


Valentine, Charles P., 3, pi 2-B, i 3-B 
Vanadinite, 71, 77, 79 
Veins, 60, 68, 74, 75, 76, 77, 78, 80 


calcite, 80 
in Cooks Peak district, 60 
in Macho district, 74, 75, 76, 77, 78 
in Old Hadley (Graphic) district, 68 
Old Dude, 74, 77 


Victory claims, 80 
Volcanics, 4, 37-51
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age, 37, 38 
chemical analyses, 50 
norms, 51 


White Rock creek, 49, 87 
Wolfcamp series, 5, 25 
Wulfenite, 71, 77 


Xenocrysts, 48 


Zeólites, 48, 49, p1 5-D 
Zinc, 62, 64, 65, 66 


carbonate (see also Smithsonite), 62 
production: 


Cooks Peak and Jose districts, 64, 
65, 66 


Old Hadley (Graphic) district, 66 
silicate (see also Hemimorphite), 62
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INTRODUCTION 


The Lake Valley silver deposits are located approximately 


seventeen miles south of Hilisboro, Sierra County, New Mexico. 


Paved highways provide access from the district to many of 


the larger towns in the region.	 Climate is temperate and dry 


providing favorable conditions for exploration and mining 


activities year around. 


Lake Valley has long been known in mining and geologic 


literature as being the site of the Bridal Chamber, a stope 


measuring approximately one hundred feet square by ten to 


twenty feet in height. 	 Production estimates for the stope 


range up to two million, five hundred thousand ounces of 


silver. 


For several years the district has lain dormant with the 


exception of some manganese produced for the United States 


Government's Stock-piling Program.	 However, with present 


day increases in the selling price of silver and its apparent 


market stability, interest is once again being focused on 


Lake Valley. 


This booklet is a compilation of much of the available 


literature on the Lake Valley silver deposits. 	 Careful read-


ing will indicate that, although much research remains to be 


done on the district, its cost would be well justified.
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LAKE VALLEX MINE 


Silver was discovered at Lake 1Valleyin 1876 and worked 


almost continuously from 1878 until the, summer of 1893, pro-


]


	


	 ducing a reported total of 5.75 million ounces of silver. 


The famous Bridal Chamber,, possibly the richest silver stope 


ever mined, was discovered in 1881. Bernard MacDonald, super-s 


intendent of the Lake Valley mines, described the Bridal 


Chamber as occurring at a depth of 24 feet, with a thickness 


of 25 feet which assayed up to 20 ,000 ounces of silver to the 


ton with an average across thickness offour feet assaying 


15,000 ounces to the tone	 t 


Silver mining has been relatively}inactive in the district 


S since 1893, but more than 145,000, tons of manganese ore was 


mined and milled for sale to the gove1nment stockpile program 


during and after World War II. 	 r 


The Lake Valley mining district is in the southern part 


of a six-mile long horst 1of Paleozoic strata, surrounded to 


the southwest, Wet,..and north by . downfau1tedTertjáry volcanic 


rocks, and to the east is overlapped by, these volcanics. A 


generalized ;section tof the Paleozoic;strata, is, frorno1dest 


to youngest., more than 200 feetof ElPaso flolomite, 205 feet 


of Montoya Dolomite, 210 feet of Montoya Dolomite, 210 feet of 


Fusseiman Dolomite,, 225,feet f Percha iShale, 1 and more than 


270 feet of Mississippian limestone and shale. Mississippian 


I 


1







S	 . 


J strata are divided into lower Caballero Formation (37 


feet thick north of Lake Valley and absent at Lake Valley) 


and members of the Lake Valley LimeStone, 71 feet of r 


Andrecito Member (Nodular limestone ofminers), 33feet of 


Alarnogordo Member (Blue limeston), 6 feet of Nufln Member 


(Crinoidal 


(Upper limestone 1 of the miners). 


Most of the surrounduig an&overlying Tetiaryvol-


canics are andesite-1atitflows and breccias of the Macho 


and Rubio Peak formations; the younger 1rholite lbwSdand 


tuffs of theMimbres Peak and Kneeling Nufi'formationSJout.1 


crop southwest of the Lake Valley fault.3 


'	 In addition to the major faults that border the Lake 


Valley uplift, there are numerous faults with minor dis-


placement that trend east, northeast, or southeast. In 


most of the area the Paleozoic strata dip southeast 5 to 20 


'1	 degrees, except near faults. 


The mined ore deposits were confined to the Alaxnogordo 


(Blue) Member and to a lesser extent to the lower part of 


the overlying Nunn (Crinoidal) Member. The deeper Fusselman 


Dolomite, the principal host rock for replacement sulf ides 


in the nearby Cooks Peak, Georgetown, and Kingston lead-zinc-


silver districts, has been explored only to a limited extent
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in the Lake Valley district..	 .	 :	 . 


•	 The silver ores mined at Lake Valley were typically 


'oxidized replacements in areas' of folding,: faulting,".andH: . 


• fracturing. The more productive ore bodies, were in the ,. 


facturedaflddragfO1ded area:adjaceflt . tO.the Lake Valley:c 


fault.' Theores are:.describedaS'SiiiCeoUS in the Grander ct• 


workings in thewest part:of the district, basic in the : 


•	 •	 ' Apache andEaSt,.Bella areas to .the east, and neutral in the; 


•	 intermediate West Bella area. Most of. the mined ores. were 


• . •	 ,	 mangániferouS ferruginouS 5] asperoid and .:.maflgafleSe	 , 


- •	 '	 '	 with, some lead'and' zinc:carbonateS reporteth Cerargyrite 


einbolitee and argentiferous galena were the silver mi.neralsc 


recognized.	 ,j ,	 it	 ', ' 


'1	
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GENESIS OF THE LFU(E VALLEY SILVER-DEPOSITS 


I. INTRODUCTORY. 


Lake Valley, New MexicO,'. has lông been one of the most 


widely known mining districts.of southwestern United States. 


For many years its silver-mines have been among the most famous 


'of the country, visited by many mining men.and geologists; yet 


: itt,thf0rmati0n regardingthe originof the ore deposits 


and the, influencing geologic conditions has found its way, into 


•	 print..	 '\	 C:'::'.	 '	 '	 ':'	 '	 ,	 ,	 .. 


With the recent revival of public ,attention, after:.a decade 


rand ahaif of utter stagnation,'to the mining of silverin the 


':.Southwest', 'speóial interest attaches'to:the genesis and geologic 


•	 'disposition of' the ore-bodieS'which are. so finely open . to 


•	 . inspection inthe Lake Valley district. Moreover, the local, 


features here described are typical of the conditions existing 


.over a much' larger field. The" fact that, the ores are chiefly 


cthe chlàride and the .chloro-broniide of silver adds further 


interest.' Data bearing upon the ,: genesis ofhaloid.ore-depositS 


tare, at the present time, very much sought. Arid regions offer 


'particularly favorable conditionsfor . the formation.,of.such.,: 


.ores.. This New...Mexican district appears.to.supplysolutions to 


;many problems" concerning.::.this::claSSiOfO.reS:WhiCh have,:: long 


'::.vexed'the' studentof.ore-depositS. ':,	 '	 '	 ' • 


54
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II. LOCATION ANb HISTOR. 


The town of Lake Valley is situated in Sierra County, in 
I:,


	


	


the southwestern part of New ' Mexico, and 100 miles northwest of 


El Paso, as the cró flies ' " 


From a' mining: standpoint, •the location of the place is 


itself suggestive,as it lies ón the southeastern slope of the 


•	 .	 ' great quaquaversaj arch: of the Colorado plateau. The center 


•	 of this vast dome •is in nrth-central Arizona, and radii about 


150 miles in length' reach its foot in all directions. Around 


its basal margins runs the broad mineralized belt containing 


most of the greatmines ' of the' 'Southwest, which 'extends from 


•	 south-centralCOlorado' southward and sóuthwesward through 


New Mexico, thence 'westward through 'Arizàna,' northwestward and 


northward through southeastern California and western Nevada, 


and, finally, eastward through Nevada and 'TJtah into Colorado ..	
.,	 '	 ' 


•	 again. This great mineralized belt is important a 's ' geográphi-


cal].y 'limiting 'profitable mining over the greater' part of five' 


states. Beyond its Confines, ' 'mining iè' to be ' indulged in with 
4	 '.•	 •	 v,",'	 .	 ' the utmost caution '. '	 ''	 ' ' 


The recognition, upon tectonic grounds, of the great ore-


.bearing ' zone should ' have a direct' and ' far'reahjng influence 
•;.1'(	 :•'	 •i	 '. 


upon the systematic exploration for mineral products throughout 


(	 L ' the' southwestern'Unjté'd States.. '	 '	 fl 


•	 '	 •







.
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The history. of the camp of 'Lake Valley need not be here 


narrated,' except so. far as to correct some erroneous statements 


of long, standing, and.to connect the names of several distin-


guished mining men and scientists'with 'the various enterprises. 


The discovery of silver in the. 'district was 'made in 1876 by 


Mr. .McEverts,' a cattle-man, who 'located several claims, which 


afterwards yielded 'some of the:,'richest 'ores'.: 	 o years later, 


•	 while stopping at the McEverts ranch, Mr. George 'W.':Lufkin, a' 


'civil engineer, from New Jersey, saw specimens of the. high-grade 


silver-ores,. and.immediately' acquired 'a half-interest: in' the'v'e 


•	 '	 property. 'From thisLtimeon'the development of the..'camp wasr, 


•	 'rapid." Antong the' eminent name's connected d.th the' various t;b' 


'enterprises ':of. the' distriöt,: at. one time, or'another,' .znay be.;'d1 


mentioned; . those of' George Lufkin', George"D..Perkins and :, 


Whittaker Wright', of Phi1ade1phia; Dr. 'F.. ,M.:: 'Endlich and 


'Prof'." F. D.". Cope, scientists of.'the'.Eaydèn governmental surveys; 


Ellis Clark (who..has''1e,ft us the only'succinct' account of 'the 
mine operations), "E; W. Ha4iey.,. and'S'. A'.' 'Miller and Frank 


: Springer,"who' f:irst'determined.. the; exact.'.'geological age' of the 


country-rocks'.".	 '"'•'	 '.'	 ':'	 " :	 '	 p:"	 " 


The fickleness. of. 'fortune ' is. exemplified in 'the 'case' of 


.Lufkin, who,': after: sinking a'shálloW: shaf.t,so1d"out his': 


intersts' for,';&., og ' Béfore.his successors'had 'pushed'. the 
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.


work in the shaft 2 ft. deeper they struck the "Bridal Chamber," 


a small pocketof very high gradé : ore,whjch yielded morethan 
$1,000,000.	 . 


III.	 SURFACE-RELIEF.. 


The.rugged topography of the region immediately about 


Lake Valley derives its characteristic features from the 


differential weathering of Strongly-tilted rock-layers under 


unusual conditions of climate, and the vigorous activity of " 


geologic agencies unknown in more humid regions. 	 The alterna-' 


tion of thick beds of very resistant limestones, or of eruptive 


sheets, and soft shales,in faulted and highly inclined strata, 


has given to the relief extreme añdünfamiliar characters, the 


most striking of which are series of long, deep, sharp-bottomed, 


parallel valleys, worn out. of the : thick shale-beds, and separated 


by high, serrated ridges made by the harder layers	 This is 


probably the main reasOn that the rich silver-ores lying on the 


surface escaped the notice. of the early Spanish explorers and 


adventurers, although ithe locality was less• than half a dozen 


miles from oneofthe principal, trails, traveled.for more than 


three centuries.'For the location of the ore-deposits, in the.'--


bottom of : a deep, secluded valley, surrounded	 all sides by 
mountains and hills, and with no marked drainage-ways leading 


into it, naturally tended to leave themf to be discovered by


)	 7 







.
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mere accident, rather than by intelligent 'search. 	 This	 , 'in 


fact, what•.happened.The firstlócation'was• made, not by"a'' 


mining man or even a prospector, but by a ranchero of the 


neighborhood, who afterwards: learned from others the value of 


what hehad thus acquired.	 •'•	 "	 '	 :-' 


The peculiarities of the surface-relief and of the degrada-


• tion 'of the district therebyconditioned, have had, as will be 


seen, an important effect in the segregation of the ore-bodies. 


The main drainage is northward through the parallel valleys and 


with the strike of the. rocks.	 In very recent times a change: 


has begun to take place in the eastern part of the area, and 


0
narrow dip-valleys have been developing through head-water '• 


erosion, so'that now thestórm-waterSofthèmining beltare 
•	 ••	


0
largely carriedout through the'newchannels instead of th&óld 


0
strike-valleys.	 As explained below, the economic effect of 


this drainage-change: has been'to"permit the escape 'of mostof 


0 the impounded • underground waters 'ofthe mining belt, together 


with the mineral, as fast as it was converted into soluble forms. 


0
Instead of being merely deposited a little farther down 'the 


0' •	 slope, as had been' the:'case Sinôe t0'etiffiofthe"Berenda'fault_ 


ing, the greater part of the original ore-body has been, in the 


way, gradually lost. 0 	 £	 ' Ii	 r	 (	 r' 


,	 je	 r 


.
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IV.. GENERAL GEOLOGICAL FEATURES. 


1. Main Relationships.--In the consideration of' so small 


a district,' its relationships with those of the great Colorado 


dome 'are :almost completely lost., "Moreover, in so limited an 


• ' ' '.,	
"	 area the most striking local geotectonic feature is really the• 


block-mountain, on 'a diminutive' scale. '.' ' , . ' 	 ' '' 


2." Resume of Geologic History.--The later geologic '':'. 


history of the district, 'which has ,to do directly with the 


•	 formation of the..ore_deposits,s may be . briefly summarized as: 


follows:.	 • "..''".""	 •;	 b	 •''i'-'"	 '.. 


• '	 .	 '	 . , (1) : RhyOlitic eruptions, accompanied by.important ].oca1' 


'mineralization of the bedded'. : rockS 'at and" near.. the 'contacts .. 


	


S •	 • '	 '(2) The • "Grande" . faulting,profound and trending north-


""weSt 'and'southeast;' much mOre' marked,'however,":.beyondthe limits 


''of the district. :" 	 '	 1"r :' j:';".	 •:	 '" 


' . (3).':'Vigorous erosion,'..the most'.obvious effect'ofwhich 


'rupOn "the local surface-relief was marked planation. 


(4) Andesiticoutpotirinqs,'not.all'oonfired to a single 


period, resulting' mostiy.iñ'.'cornpaatively, thin" sheet5' but; 


.'covering' a"	 hiding 


the'. 'stratified, rocks • 	 '.J:	 '': J,' i".'	 ' • '...,' , 


';'" "(5) ' The "Berendá;'faultinitrending'nOrtheast' and. south-






west, causinc a marked tilting of therocks ,J bringing again to 


.
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the surface the old Paleozoics, and inaugurating the local 


conditions highly favorable to the segregation of ore-materials. 


(6)	 Marked erosion, greatly accentuating through differen-


J tial effects the local geologic structure and aiding the 


formation of important ore-bodies. 


(7)	 The "Bella" faulting, consisting of minor, closely-


grouped parallel dislocations trending east and west, and often 


sharply limiting ore-bodies. 


(8)	 Modern erosion, affecting ore-deposition, first, by 


] notable localization, and then by notable impoverishment. 


The events thus enumerated in sequence are only those which 


have been most intimately connected with the local segregation 


of the ore-bodies.	 They are all subsequent to the formation 


of the Colorado dome, and the main epochs of ore-concentration 


around its base.	 The full consideration of the last-mentioned


	


• ' ::'	 event belongs more properly to a broader treatment of• the -' 


	


•	 regional:, geology than to a local description. 	 ••• •• • •• •- •1 


V. GEOLOGIC FORMATIONS REPRESENTED. 


1. Broader Considerations.--The base of the southeastern 


i	
slope of the Colorado dome is of special interest stratigraphi-


cally, because it is a sharply-defined line, separating a vast 


3 : '	 •	 area from which the entire Paleozoic section is absent, from• 
in 


• • •'• • • anotheriirnmense 'region,. throughout which the Paleozoics are 


J.
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very fully represented. Within the, boundaries of the first-


•	 mentioned more northerly area,. only the two uppermost 


.Paleozoic• terranes are represented. Middle-Carboniferous 


liinestones.rest directly upontheoldest Azoic gneisses and. 


schists.' In the more southerly area, every system of the:'r 
Paleozoic section is present., In the northern region 


New Mexico, these Carboniferous formations are the chief 


ore-carriers, while 'in the southernregion, the ores 


•	 found through several thousand feet:of Paleozoic 'rocks, 


•	 whollyunrepresented in the north. 'In'every'way the two 


• regions are stronglycontrasted. •, • 	 • 


Lake Valley is on the border line just described.. Hence, 


• 4.ts geologic section has both a mining and a geologic irnport 


ance which it,would not otherwise possess. It is also 


especially instructive since it is, in almost every respect, 


the exact counterpart of the standard .Devono-Carboniferous,'' 


section of the Mississippi valley. The recent reáognition of . 


• this resemblance has been fully considered in another place..; 


The definite determination of the:geologlc age of thè,. 


'different rock-formations in whiöh the ore-deposits of this 


region are , found acquires practical valueby, enabling the:; • 


1Proceedings of the Iowa'Academy of Sciences, vol. xiii., 
pp. 197, 198 (1906) . I	 tOC f	 P 
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•	 •''	 .	 . search for ores to be qUick1ynarrowed to limited horizons.'	 I 


This fact is strikingly illustrated in the neighboring 


ii
districts,


where the rocks have been repeatedly and Profoundly 


faulted, and otherwise di8turbed.	 But, even in the Lake Valley 


district, flotWithstanding,the clearness with which the geologic 


iformations are displayed, a large amount of Unwise and futile 
: prospectingwork has beendone. 


L 2.	 ceologicSectiofl.The high tilting of the rocklayers 


gives Within the distance of less than a mile an exPosed 


t


section, complete without a break, as shown in Table I.	 r 


TLE XeGeologicSection_atLakeVall. 


b. AGE	 FORMATIONS '	 THICKNESS	 ROCKS 
I	 Quaternary	 -	 , ioo ft.	 Gravels and Loazns o__ 


:
Tertiary	 1 ,	 Monument	 I U	 250 ft. '	 Andesites	 , 


t Lufkjn i	 ,	 £,	 • 500 ft.	 •' Rhyolites 


:-_Sierra_17() __50_ft.	 _Gray_Limestones 


Carbonjferous	 Lake Valleye	 )	 150 ft.'	 Shaly Limestones 


s_t i '	 tl Grande	 25 ft.	 Blue Limestones 


U_' _ c Berenda_j _ 50_ft._	 Nodular_Limegtonej 
Devonian	 Bella	 r	 tv'r,	 60 ft.	 Green Shales 


Silver	 100 ft., Black Shales 
p Silurian	 Santa Rita	 10 ft.	 Drab Limestones -	 I	 -	 )


_
Ordovicj2,_('El_Pasan_Series_600_ft._.J DarkLimestones 


•







.	 . 


3.,. Nomenclature..--Some of the geographic titles of the 


formations have • already come to have a much: wider than ioöal. 


application, for which reason it is thoughtadvisable to retain, 


not only	 , but all of the• local: names. A further reason Y 


is that the Lake Valley 'seötion is typical for the region, and 


that the several terranes were here first recognized and 


..


described.''Thegeo].ogic ages Of the several formations have' 


recent].ybeen attested by extensive collectionS of fossils. 


4. El PasànLimestones.- a.The..El Pasan"series 2 of line..:' 


stones, so well displayed. in' the' Frankl"in'mountains north of 


El Paso,"'is	 600 ft.	 ' 


thickness, and is doubtless much"thicker,' 'The' organic remains 


found mit appear to'be : the , same,: förms as occur abundantly 


•	 ibo miles to the southeast. Little'.doübt is entertained th'àt 


the rocks are' Ordovician in"age. 'The 'Series appears' to corn-. 


• • prise'severalwel1-marked' . subdivisjons, : ' Detailed 'faunal' 


inquiries will soon 'delimit àlearly 'thedifferent members. In 


many localities in the Southwest, these limestones cannot be'' 


lithologically distinguished from the' overlying 'Devonian' and' 


Carboniferous' blue and ra1iiñestone g ."iqhenJje 'dark-colored 


• Devonian shales 'are ' absent, a'S.théyofté are, the" limestones 


2See American Journalof Science, Fourth. Series, vol..xxi., 
No. 124, p. 298 (Apr	 l906)5 
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Jform an unbroken succession of great thickness. 


S .. .	 The limestone range lest of the mines is called the Quartz-


ite ridge.;.: This.title is misleading.	 The quartzite aspect is 


occasioned by large.masses of weathered flint, which extensively 


cover the. surface.	 Sinceno part of thé:.series carries any 


ores in this locality, and iti subdivision into minor members 


] is. unimportant in the prèsent.connection, .it demands no further 


description here. 


5.	 •ta_Rita Limestone--Exposed.jn shafts sunk to the. 


Ordovician formations there is found, 'immediately. overlying 


•	 the latter, a dark compact lime-rock,'.about 10 ft.. thick...The 


crevices,..cracks.and uneven places in thesurfacé.are:fil].ed. 


0 	


•,. 	 with a fine, bright•redc1ay,appearjng at first glance like 


a peculiar reddish lime-rock. : The. formation is doubtless • very 


much thicker elsewherein:the.ieighborhood; and it is also' 


J 0 	


•• absent entirely in.other.places, owing to!the:marked uncàn-'. 


formity, due to.erosion, whichexists: between itandthe::.1ater 


terranes.:.'.H.	 .	 '••.	 ..	 :	 :	 :,..	 .H	 .": 


]	 .	 .	 . This. limeStone 3j$ . probably:a remnantofthe,true:Silurian 


formations,.exposeda ..fewmj].es to. théwest, and also to the 


southeast, ofLake Valley ..	 The name.Santa RIta has beent-


•	 . suggested for the formation.. 	 In the vicinity of Santa Rita 
.,	 '.	 .	 •	 3..	 .	 ••	 .	 .	 %	 .	 - 


and Silver City, 30 miles west of Lake Valley, abundant 


. 
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. 


.


• fossils found 'i,n apparently the same terrane suggest typical 


'Silurian' forms. Still farther west, •in eastern Arizona', 


Reagan3 has discovered a similar'limé-rock, 70 ft.'thick. 


6. 'Silver Shales'.--This remarkable bed of black 


argillaceous shales appears to form the base of the . Devonian 


section of the region. Thus far it has proved to be non-


fossiliferous .. its ag& is deduced from its stratigraphiö posi-


tion; and it is believed to' 'be ' the eastward extension of 'a" 


similar black'"shale •:f • d near Silver'City,' which has béeñ 


• called Silver'shales--a "name' which is here 'retained. ::' 


'' Although'the Silver shales háve"ño direôt relationship '' 


with 'the 'Lake Valley ore-bodies, they' have been largely pros-• 


pected, and many shafts : have 'penétratéd these strata. "" 


Bella' Shales.i ..The green 'shales"'so. well exposed in ' 


rmany 'outcrops 'hav&'beé& encountered also' in the. shafts 'of the. 


'Bellaworkings. Their 'lithologic"characters 'are the same as" 


those'of the' black "sháles be'ñeäth. " Thèy"do not ' 'appear to 


carry ' recognizable 'organic remains at any point in the immediate 


vicinity of Lake"Valley. The geologic position and character' 


of the two great,:shale beds "are significant. '' '' 	 '; 


'"8'. Berenda Lixnestone' ThéSo-ClIed nodular 'limestone 


r	 ,1v 


3American Geologist, vol. xxxii," No. 5, ' p. '278 (November,' 
1903). vol.. xxxix.L.1Ote
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J of this district unmediately underlies the principal ore-


dl	 bearing formation, with a thickness of about 50 ft., and 


comprises three distinct and ea8ily recognizable members. 


:	 The lest is a limestone, io ft. thick, gray, massive, 


, compace, and resembling somewhat lithographic stone. It 


weathers rusty brown and is then somewhat laminated. It 


carries a typical Late Devonian fauna. 


1	 b: '	
The median member, about 30 ft. thick, is grayg thinly-


bedded, apparently without organic remains of any kind, and 
U)	


presents in individual layers only the lithographic texture. 


"1


	


	 It weathers irregularly, having on exposed surfaces a notably' 


nodular appearance. There is little or no chert in it. 


]	 I	 The upper nmier is not more than 10 ft. thick, bluish in 


-I


	


	
color, rather thinly-.bedded Composed very largely of chert in 


elongated nodules and nodular bands, and, so far as known, 
I 


]	 without fossils, mis memier contrasts strongly with the 


I	
massive compact blue limes tones lying inmdiately above .	 ', 


4	 The entire Berenda formation is also known locally under 


I a number of other titles.	 T 


•1	 9. Grande Limestone.--All the Lake Valley silver-ores are 


found in this formation. They were first opened at the Sierra 


1	 Grande wozkings, and are confined chiefly to the upper part 
vra] FfLttc	 , 


of this tri-partite terranei4P.83). 


.	
I r


1	
l6 
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the base of the formation is a massive, hard, grayish-' 


S
At 


:
blue coralline lime-rock, from 13 to 15 ft 	 thick.	 Above 


this is 2 ft. of black, sub-crystalline limestone, carrying 


4 abundant large corals and gastropods.	 The upper member, 


'
10 ft. thick, consists of blue,compact, heavily-bedded, pure, 


soltthic lime-rock, with but few fossils 


kj Above permanent water-level this formation is usually 


:j	 '
more or less cavernous.	 It is atthis level that the ores are 


chiefly segregated.	 Much massive , chert is also accumulated in 


t the old caverns and crevices.	 ,' 


The Grande limestone terrane appears to correspond to the 
'


limestone of the standard Mississippi Valley section. 


O


Chouteau 


.1 Special attention has been recently called to this fact 4 and3, 
I	 I	 I 


I the details need not be repeated here. 
,I	 t	


I	


1	 I	 I	 I 
.j


10.	 Lake Valley Limestone.lThe geologic age of this 


I


Early CarboniferOus formation was first determined in 188]. by,. 


Mr. S. A. Miller, 5 from fossils collected by Prof. E. D. Cope, 
ii	 Ii 


of Philadelphia, who was at that time President of three of 
II	 v 


:I the Lake Valley mining companies.	 More extensive collections 
Li.	 I	 i..	 .	 .S 


of fossils were made several years later by 
Ii	 I	 ( 


4proceedings of the Iowa Academy of Sciences, vol. xiii., 
pp.	 l7,' 1198	 '(l9(6).	 I	


I 


5Journl	 f the Cincinnati SOCiety of, Natural iiiy,, 


'1 vol. iv., pp. 306 to 315 (1881). 
.j
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.	 . 


:1	 '1	 : ' • ' Mr. Frank Springer, 6 who. recognized the fauna as corresponding . 


H	 • '	 •• to that of the Lower Burlington limestone of Iowa, a formation . . 


which has been, of late, widely recognized in New Mexico. 


:	 At Lake Valley this formation is 150 ft. thick, and con 


I	 s3.Sts chiefly of more or less shaly and high fossiliferous 


liniestones. The Early Carboniferous rocks of New Mexico area 


regarded as belonging to the Socorran series, 8 corresponding 3 


I	 to the Mississippian Eeriea of the Interior Basin region. 


t


	


	


11. Sierra_Limestone..--The uppermost member of the clastic



series at Lake Valley differs very materially from all other n in 


:	
terranes in being a gray, compact, massively bedded limo-rock, 


	


'	 of distinctly coralline character, yet exhibitinq but few 	 - , 


well-preserved organic remains. The fossils thus far found in 


I
this upper limestone suggest strongly the fauna of the Upper 


Burlington and Lower Keokuk limestones of the Mississippi i 


J'	 valley. The formation has n expoeedthickness of about 50 ft. 


]	
i	 j'	 ) F	 r	 I J-	 Vs1 ]r'r 


6American Journal of Science, Third Series, vol. xxvii., 
No. 158, p. 102 (Feb. 1884). 


7Proceedings of the Iowa Academy of Scienaes,vol. xii, 
pp. 169 to 171 (1904).


r	 yi	 t	 ") 


8Journa]. of Geology, vol. xiv., No. 2, p. 151 (Feb.-Mar., 
1906) • '	 bc1ed	 a of the	 durcn.	 Li 


................................................................................... 	 •.•' ...	 .	 ,•.; 
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j • .' .	 '.'	
VI •	 UNCONFORMITIESS	 '. 


The Lake Valley section includes three horizons at which 


occur marked breaks in the" sedimentation. 	 All three of these 


j . .	 planes.. display discordance 'between the strata, and hence repre-


•	 sent periods of erOSion.'' While'theSe have no: doubt affected. 


'the ore-deposits:of Lake Val1ey,..they hav&had,',in theneigh-


• boring districts, a' much greater'infiuenc& upon the distribution 


• 'of	 the	 ores."-''	 .•	 .	 :''	 t'	 '	 '.' '	 ".	 '	 •'	 '. 


'S	 '	 'The most marked'plane'of unconformity is at the: base of 


the black Silver shales.	 The direct effects of this pre-Devonian 


I..
,	 erosion' were far-reaching'.	 :Over 'most. of the region the' '. 


•:Silurian' 'roàks, together with much "of': the Ordovician formations, 


were entirely removed.	 In some places, however, remnants of 


the Si lurian were preserved. 


A' second unconformity occurs' at ;the base of 'the' Carboni-. 


ferous limestones.	 The evidence of this discordance in 


sedimentation" is' no ' SO apparent, 'at 'Lake. Valley , as elsewhere"in 


"southwestern New' Mexico.'	 Nevertheless ,' the "shales 'beneath. 


:.	 ,,. ' '	 the Blue'limestone .have,'been, in many instances',' entirely 


removed,'sO'that'thisliflie-rOCk res.tsdirectly upon 'Silurian 


or Ordovician limestones of 'similar lithologic,character. 


The third 'marked 'unãonformity .'i'sshOwn by..: the. eruptive .i 


rocks lying upon 4thebeveled edges of the sedimentaries.	 Int 
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: conneötionwith' these'e' some later clastic formations also 
occur.	 'L	 '•:'	 '	 ,•'''•	 .;"l,"' 


	


VII. GEOLOGIC STRUCTURE. 	 '' .•' 


l.'tMain_Charac'teristics.--Viewed in'its entirety, the" 


tectonic aspectof. the Lake Valley district is that of a mono-. 


dma].. block tilted"ãbout 20'.'soütheastward, in which mass'. 


thus 'disturbed, differential weathering has made deep' valleys 


• of the nonreSistant formations, and long, sharp, parallel 


• ridges .of'the hard.beds, aS"explained ábove.':, 


2.:: Folding .Prior to 'the period of "the Berenda faulting 


• which produced the main' monoclinalbiock, the most notable 


structural feature was a series' of , gentle folds. This undula-


• tory character of the strata is'. still plainly preserved, j't. 
spite of frequent '.Iubsequent . . faultings' 'and other marked '' t.h 


deformations.' The "direction Of : thè compressive' forces was't 


northeast and sotithwest.	 ''".'" '•'" .	 " ' 


In the 'subsequent 'southeastward tilting to which the beds 


were, subjected, the inclination Was' in "the direction of the 


'axes 'of. the great corrugations •'It . was.in"the 'pitching 


• synclines that." the principal ore-bodies' of the ,district were. 


deposited. *	 :. • -,	 :.;,t	
•:	 :' •H	 :,;*:.	 •, .,	 ..,,',	 .: 


These 'inclined 'bedhave' been Slightly folded,' faulted in 


at least three 'di'ffèrent dire'ót1ons,' repeatedly broken through 


I ''• • 	 ..	 .	 .	 .•'	 . 


2O	 ,	 ••







• by eruptives, and covered'by lava-flows. " 


3. •Faultings.'--The recognition of extensive stratigraphic 


dislocation in theLake Valley:district is very recent. Clark,9 


'in' his description of the mine-workings, explained everything 


in the way of , geologic structure by. postulating the existence 


of' fol4s .. Only in two, isolated instances did he even suggeSt 


• 'the presence of faults ; 'and these were regarded as 'of SUChth



' small consequence as to require no explanation whatever."' 


• '' • Mr.. Clark's account of the district" 'contains much of 


• yalue and' his' 'descriptions of the' developments 'are very com.A 


• 'plete, but his 'geologic observations are not equally clear. 


From his map, the real geologic'struàtures 'are very'hard to 


understand and many , representations are 'impossible.' Frequent 


faulting, the..evidence'of which'isplainlydiscernible' on the 


surf ace, he has entirely, neglected..t'In fact,' thethree most 


important and fundauntal'. features ,",,,. directly'. bearing upon the? 


deposition• of' the ore-bodies"ánd the formátion âf the ores',?'7 


themselves ,' have been wholly overlooked . '': ' •. ''	 ":	 •' 


In the Lake Valley' area, 'there have been three' distjnöt 


'periods" of, faulting, : resulting" in three' series Of faults. The 


first has'a northwesterly'añdsoutheástèrlystrike, 'at a '	 • 


considerable angle :tothe axes of the'fOldS alteady'desCribéd 


9Trans.,, xxi.v. 138 toi167 (l894).	 Wri1	 1' tTh 
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300 ft.'	 "''	 "	 '' 


• ' In the faults ofthe'third series the throw is nowhere 


• great; probably in noneof them does it exceed 100 ft. Nearly 


a score of distinct slips of 'this. series, all of them trending 


east and wé'st', and inmost'ofthem plainly traceable on the 


surface for a ' 'greater" 'or 1ess'istaflCe,' have'been recognized' 


within ainile. ' TheIdirectlY'affe( the"ore-bodies in a" 


remarkable way.	 ,	 '	 ••	
'	 •' Y': ' 


'4. "RelatiOns' of' the Erup'tives.-Theearlier or rhyolitic, 


•	 eruptive mass may have been 'laccólitiC in character, rather 


than a' simple sürfacè'-f1OW,' with Lufkin mountain asa center. 


• Through the' Grande fiult the northern side of the main 


'whyolitiC' mass abuts di'rectly'agaiflSt the Paleozoic limestoneS, 


the" line of 'junctiOn being nearly a straight 1ine. ':. . '':'. - 


• ':* ,': . Thé iáter," or 'ándesitic, erupti
Ve fl'asses: aremanifestly 


surface-flows 'of' lava; rather thin"inplaCes, butat Monument 


peak" 'at least 400 'ft. thick. 1 They appear to have covered the 


• entire surrounding area',except"Ltifkth mountain. That the'" 


• • l'irnestànes were • complete ly'corered, is' shown by remnants of 


considerable size which lie upon the highest parts of Apache 


hill and otherneighbOifleleVati05m .( 


"	 'I1	 ; /	 r'	 ?	 i 


'	 I	 Of	 (')Z'C' 	 ')	 c t 
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•	 :	 VIII. 'GEOLOGIC RELATIONS OF THE ORE-BODIES. 


1. Governing1 Factors...-The dependence of ore-deposition 


upon local geologic conditions is illuminated in a remakable 


manner in the Lake Valley'district. The ore-bodies are :;' 


strictly confined to a limitéd ' geOioglc horizon; they are 


'associated with 'a distinct lithologic zone; they are segregated 


• ' 'in well-defined pitching troughs; they presentdefiniterela..,' 


tions to certain topographic features, and they are sharply 


•:deljmited with reference toantécedent faultiñg. 	 .0 


I	 ,,	 ., 
These ,.several features could be made he' basis' of 


extended and highly suggestive discussion; but in the present 


'O .
	 .	 connection• they. can be only touched upon.	 '. 


2:'Position.--All . theore'-depoits are definitely 


situated in the local geoloqxc column, being confined to thea 


Grande, or Blue,' : limestone,'which 'is only 25' ft.' thick.


1_).Tk the whole, this lime-rock'isvery pure'fine-grained, and 


easily soluble; hence :, 'it is'"readily"rnade cavernOus. . ' 


In the . field théGrande liiiiestone' is sharply 'demarcated.. 


Immediately below it, the nodular" Beréndá limestone is 


• readilydistinguishab].e wherever"encountered. Above it, the



Lake Valley ..shàly limestone"cánnOt'be 'mistaken. Both' of 


these formations have manifestly' exerted an impoantinflüonco 


upon the confinementofthe ore-bearing waters to the Blue layer. 


.
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3. RelationS to Fol'diflgs.--AS already intimated, all the 


ore-bodies 'are very'defiflite1Y associated with the broader 


• corrugations of the older stratified beds 'i,n which they occur. 


The ore-materials have been 'segregated in the" shallow synclines, 


which now pitch at an 'angle 'of about 20 ' . It' is believed that 


these' ' troughs ' we'r& pr1mari'lY involved in the accumulatiOfl of 


'the ores.'	 ' "
	 '	 " '''	 '	 ' 


''J.".s It is ifficult'tOdetei 	 just how far thelocaljZatiOfl 


of'theores'haS been due. 'to' the 'synolinal structure, dhow' 


far' to theimpOUndiflg 'tendencies, below"grOufld-water level, of 


certain of the major fáultings. The'latter facto is probably 


• the more 'important; 'but ' the ' suggestiVefleS6 of the former 


cannot ' be' overleoked. The relative' effectiveness ' of ' the. two' 


may be estimated by comparing the amounts and the proportional 


the north and south ends of 


the mining bOlt respectively. Towards the north end the main 


depositiOn"Of the metalliferous 'deposits is' still clearly in 


the : troughS .,\• With Sonly slight amounts On the crests of the'' 


•árchOs."ThO ratio of the amountofmetal from this part' of' 


the belt;"as compared with that' of the south ' end, where the' 


impounding' 1ás"bOen 'iflost pronounced, ' is'about' as' 1 "to '4." 


structure 


the localizatioflO workable ore-bodies has been noted in 
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'many other mining regionsi and the recognition and 


tion. of these features at: Lake Valley should be made a 


directing factor in exploratory work. "	 ' 


4. RelationS 'toLines"of_DislocatiOfl.--At first glance') 


it would appear that."faülting had disturbed and broken the main 


ore-bodies; 1and this seems t& be the opinion prevalent among 


'the miners. CiOser'inspectiôn, however, showsclearly that' 


this is'really"flot the case.' Onthe"contrarY,' itis manifest' 


• that even 'the 'latest'movéifteflts . Of theroCk-maSSeS,' represented 


by the"rninor'east-andwe st series Of'faults, 'were allproduced 


before the 'ores' were 'èegreated"in'their present position. As 


a rule, the: amount 


separate ve'ry"far' the 'ends of the ore-bearing Blue limestoAè,. 


or to prevent 'the 'cavernOus zone from being continuous 'though 


• it may, perhaps, be greatly'eduCed"ifl thickness along"the' 


planes' of 'slippingV''	 "1')Y 1:,)v' 'iJ. '•	 j,'.,' 
• "	 'That 'the 'last periOd"of : faulting took place prior to the



• concentration or' accumulation of the 'ore-bodies in the present 


positions is "alearly'denIonstratedbY"the"abruPt, 'straight" 


'walls," limiting them along the lines of rock-movement. , If the 


faulting 'had taken 'place :gubsequeflt : to"the 'ore-deposition1' the 


ore-bodies therflselvés wÔuld'bè faultedafld'eVideflCe Of this 


is nowhere apparent.1 '	 v 
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The only effect of the Grande fault at the south end of 


the ore-belt has been relatively to. raise' the hard, impervious 


rhyolite' above the level of the cavernous Blue limestone '• 


(which is also inclined towards' the fault) . ,"and thus to 'impound 


the underground waters 'in the zone where the ores have:', 


'gathered. It'is'noteworthy' that nO ores have remained above: 


the level of the. impoundedwaterS'aS' determinedbYthe0utfl0u1 


over the present surface at the lowest point 'on the fault-line. 


•	 So far," then,: . as concerns any• effect upon 'the ore-bodies 



after their formation, the faults :may be disregarded in all;' 


mining operations within, this district.'' •: 	 .	 '. 


•:5. Relations to Present surface-Relief .--The relation 


between ore_bodies and the local topography is so obvious that. 


more than ordinary stress may be: placed upon' 'the exis tiñg: 


surface conditiOns. Itis seldom.that any dependenceOf the' 


'formation of ore-bodies upon the local' topography can be. tcd 


recognized." 'But',l to : the contrary, 'Lake 'Valley. presents an 


exceptionally. interesting': instance,'.Suggestiflg, indeed,' a' 


possible' genetic inter-relationshiP of ore-deposits, commonly 


• overlooked hitherto. 	 " •	
.:'	 .	 .. 


On the assumption that Ythe principal mineralization of,: 


the district occurred . at etime of . thegreat thyolitic' 


!rl


	 eruptions, when the'limeStOfles 4zere lying flat, or nearly so, 
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1•	 there appears to have been, after the main tilting, a gradual 


• .,


	


	
migrationof the ore-materials,of the Blue limestone down the 


slope and a, gradual 'enrichment, ' until the present location was 


S 	


, , 
reached. The Ore-'bodiés manifestly remained near the surface, 


•.


but about at permanent water-level, and were covered only by. 


the clayey lirnestônes"óf' the" Lake' Valley formation. The ridge 


:: formed by the :Iast ...mentiôned terrane 'migrated ' eastward more 


than' 2 miles to its .present ' position. "During the long period 


•	
of this movement and wearing-away "it served as part of a dam, 


as'it were,: which 'impounded the ore-bearing watets. ;' The'zone 


of maximum 'ore-deposition, therefOre, advanced'closely upo& 


the constantly moving' ridge. '' "' ". 


•	 The cOnditions above described remained constant until' 


quite 'recently. As'the"great impounding ridge'continüed to 


change its position to the'eastward it finally met, :at"its'"'' 


present location,' 'the headwater erosion-lines of east-directed 


drainage-ways. 'These 'havé'cu't the' barrier ridge ' at three 


points, making channels through which impounded underground 


waters are drained eastward (instead of" southward through the' 
former overflow-point On' the' Grande fault-line, where the 


rhyolite and limestone juncture is lowest). The new drainage 


has not yet progressed far enough to permit the full outflow 


of waters down to the level 1 of1 the present base of the 
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ore-bodies; but 'it has been sufficient to remove the greater 


part of the original' mass"of oré' ; ''Probably nine-tenths of the 


• . former öre-mass had been already removed in this manner before 


man, by more : rapid means.''gan . ' . to take .away"his remaining"' 


•	 '	 'one-tenth.	 '	 "''	
'	 :,;',' '.	 •	 .'	 ' '	 ••'	 , 


0 ExtensiVe 'exploratoY work' beneath the ridge of. the' Lake 


'Valley 'format.ion clearly èhows' that ore-deposition does not)'90 


extend ,very"farbeyOfld" the rnarqin' of: the' c'layey limestone' 


O ,


	 •


ralready 'referred •t', or the basset edges of the basal layer of 


'that formatiOfl, as'it rests 'on the Blue. limestone beneath." 


6'."	 Røcks'.---SO far as observable,' 


', 0 	 • 	 the ore-bodieS are now' 1n' no way direätly connected with the 
0 	


•'	 numerouS . eruptive .massei. of' the". region ..',The original contact-


	


O ' ' •


'	


0 mineralizatiofl',' : 'near the presen t 0 . Berenda fault, is 2 miles 


• away from the ore_belt. ' This. 'appearS : to:' bethe 'nearest point 


of direct metamorphic action.".":; :	 •" '•'.	 ' 


O '	 • ç , "Clark :,inb,hisdesCriptiOfl ofthe mines, makes niuch"of 


a	
the'ore-bodieS, as the ' 


• "source Of the' 'edepositiOn O , : or as 'greatly influeüciflg 'it. 


	


0, 	 •'• :'carefulYexaminatiOn,' :recen tlyo made,.: :seems to indicate pretty • , 0 


	


0 0 , •	 conclusi"1ely :that :/'the; 'so-called porphyrite'is not'an 'eruptive, 


but an accumulation of rock-waste, having lime as a' large 


J-°Trans.I xxiv.(138 to' 167 (1894)	
c( J 
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factor in 'the cementing materiaI' In that case the '"porphyrite" 


could have had no influence whatever on the formation and 


localization of the ores.	 ' , 


7. Relations to .Li'thologic' Nature of Country-Rock.--That 


the .orematerials have been confined tOa rock-stratum of 


distinctive character is 'doUbtless due',.'pa'rtly, to the peculiar 


• lithologic nature 'of that stratum. The selective tendency of 


'the Blue limestone' may'be ascribed 'to' a'nurnber'of 'features. 


By reason of its"pureca].àareoüscharacter,'it'is'liable''to 


• 'become' cavernous ;. and, in connection with 'this condition, it 


•	 'is quite likely that the"hydrocarbons and organic matter con-


• tamed in the limestones had much 'to do with • the 'reduction, of 


the':metaliiferous salts 'in the circulating waters, and thus 


with the localization of the deposits.' 	 ' 


" 11'	 :,Ix; MINERALOGIC CHARACTER' OF THE ORES. 


The silver-ores of' Lake Valley 'are black" 'in color"j , 


crystalline to earthy 1n' texture, and ' easily 'treated.' They 


consist largelyof , ferri'c ànd 'mangani'c Oxides, through which' 


the other metallic mi'nera,ls"are scattered. 'There is' very' 


•	
" little 'gangue. •Thé":'iro'n "and nianganese 'obscure' everything els&, 


contained iii the' deposits , "andaiso' cOver the. upper 


• ' ,	 of' the Blue liniestone,Whereve' iti8expose'd ', 'for a long 


distance beyondL the magins 'Of'the workable ore-bodies 	 ' 
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• '.	 The silver-values are chiefly in the' form of cerargyrite 


•	 (silver chloride), argentite, arid argentiferous galena. There 


•	 are also smaller quantitiesofother silver-ores: 'embolite 


(silver chlorobromide) , 'proustite' : (arsenioüs' Silver sulphide), 


and stephanite (antimonious' silver sulphidé)'	 Beautiful ' . 


crystals of cerargyrite occur'--perfectly formed cubes about 


:l 'mm.. in 'size.' • 


The fact that 'tin the 'reduction-works large 'roasters were 


;installed süggèsts thàt'the suiphidés 'were "present in much 


''l'arger propotion that casual inspection would Indicate . 


.Other interesting mineralogical óccurrenàes are certain ' 
"vanadIum compounds',' and' pyroluslte £n"beautiful ryStals,, 


botryoidal and 'reniform ..mãssés. " '' '' " 	 -'	 ':' 


'There are probably 'consi4erabie amOunts of carbonate ores 


of" 'lead,and possibly zinc, present in' 'the 'ores '; but, ifsà'. 


they: care entirely 'disguised by" the ferruginous 	 -:/ 


1:'','	 X.ORIGINOF THE ORE-DEPOSITS. 


:' l.' General' Statement--The ores of the Lake Valley may 


be, for' all practical purposes', classed as 'silver-chloride 


deposits :' By far the larger prôportiôn of" the , great production 


was of this nature . 'Considerable amounts of' the 'chioro-broinide 


(ernbolite) were also'iniñedThe' fOrmation of' thIs 'classof" 


ores 'in largei amount is of exceptional interest, because the" 
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,	 ,	 '	 ' 


] S , '	 ' process find's its' most favorable conditions in arid and semi-


-	 :	 ' arid regions." Other ölimatic 'conditions do' not permit results 


permanent enough to be ' "advantageously investigated. The '	 ' t.



presence of suiphides in these deposits is suggestive. They 


are most abundant towards the bottoms of the ore-chambers In 


the early days .of mining, the carbonates of 'lead 'and zincare 


said to have' been abundant. ' 	 ' 


The 'Origin of the Lake Valley ore-deposits 'has 'been the 


subjectof wide"discussion."The'earliest'oPinion attributed," 


the ' deposits directly to ascending Currents of warm waters, 


carrying the metalliferous salts in minute quantitieso A later 


view ascribes "the 'ore-bodies to'thé' 'leaching ' of an overlying 


"porphyrite,"WhICh' was assumed'to be silver-bearing. .,' Other 


opinions ' have "been ' expressed frOm time ,to 'time. None of these 


various 'hypotheses' appear tC be confirmed"by the . more ':recent 


examinatións. 'In' : fact', all the"data'obtained militate strOngly 


'against "these views, and indicátealmost"COflClUSiVelY "at', 


differeht'mode of'formatiOn"' 	 * ' 


Original''S0u're of the 'ore-Materials No true 


fissure-veins are yet 'known i1 : the ore-belt, or in, any part of, 


the country"for 'severaImiIeS 'around. "The' 'eruptive masses ,'F 


which' have"brokentI'roUgh c the 'sédiflntarieS 'in 'Lake Tertiary 


and Quaternat eimeshaveextensivelyfliflérali Zed the beds with 
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j ' .	 ,' which they have come' in contact.' . Neighboring districts display 


this phenomenon much more' clearly' than' Lake' Valley. ". In some 


of them, the' 'mineralilationextends into the clastic rocks at 


least 500 or 600:ft.	 Someof thernetalliferöus contact-zoneS3 


are sufficiently rich in silver suiphides and argentiferous" 


galena (both very finely divided and disseminated) to form	 r 


workable	 bodies'.	 rr	 ''	 ''.	 '.	 ,'.	 ' 


here'•is 'lsogood';reáson'forbelieving that, before the 


rhyolites and andesites broke through, and while the lilnestones 


• '	 . were yet:'lying' flat' or nearly. so, the Blue' limestone wa 's	 '' 


•	 already a lean'ore-hôrizon: carrying lead and zinc, with perhaps 


a little silver.	 It may even be that workable deposits of 


'galenà existed thus.'early.in thésh'allow synclineswhich : were	 j 


'already a feature.ofthe geologic . structure.	 ' 


The principalcontact-zone 'appears :tohave been near the 


Berendafault-line,'about 2 miles'westof the presentore-belt 


•	 '
"	 and parallel. toit.' All'the limestone of this' part ofthe.7' 


'area seems to':.be very:'much more inetamorphosed and mineralized 


•	 'than ordinarily wouldbeiexpected,.andmuchntorethan arethe 


limestones of the same age elsewhere in the neighborhood.	 ' 


•	 , ••	 óf:':Lufkinmountain, : which 'Cuts	 ' 


] off the ore-belt at the south 	 shows 1no evidences of metainor-


phic action at its juncture with the elastics	 ' £	 r 


I	 33







o
	


..' 


E
•	 . Remnants of thin ándesitic flows are. found nearthe. sununit 


of Apache hill, above the 'ore-be it, about 500 ft vertically 


higher than the top::of the' ore-bodies. These 'surf ace flows 


of acidic lava carry miflerais ofsiiver, lead and other metals 


'in small quantity.::. Since they once' covered probably the whole 


'district before the' valleys . were erded to their 'present.depth, 


considerable ,amounts: of initieral 'mayhave 'been furnished by. the 


' decomposition of.the'.lava sheets.''	 •. :	 : 


In: the main,:: the supplies of' ore-materials, are believed' 


to have' come originally from. the 'contact-veins, but. to have 


• been. concentrated and' enr.ched' .under'unusual conditions, by, 


means' of which'• the.,' final: deposits were so fare removed from 


ttheir former position that, at first.glance,' no connection 


between , the two would be Suspected... '	 :	 •''-	 ••' 


need. be'. 


said here concerning. the: contact-phenomena,::, since these are 


now but remote'ly.and indirectly associated: with': the existingLed 


ore-bodies. The latter, .. as ".remarked'.above,'. are now fully '2' 


miles' from' the probable main contact-zone, from which their 


materials-were mainly;derived. 'It is: : nôt, improbable' that' the 


contact-influences extended:.lateral'ly along certain stratiiy 


graphic': horizOns ifl.: New,. Mexico",. :it is everywhere apparent .1 


•thátthe'mineraii'Zing: ef,fectsr'bf:: 'onac ta..metamorphigm . extend' 
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ó. : much further from .the : 'plane of contact than .:has been generally 


suspected..	 ''	 i'	 ç-


As a rule, students of petrography have greatly under-


estimated the potency of contact-metamorphic action in connec-


tion with ore-depoSits. .': They havebeencontent with a 


,contáct-álteratiónzone.:o'f:;a.few.inches or a few feet, and-. 


]	 •.•, . : have placed the greatest, stress upon the effects of regional 


• .	 .metamorphism.,'Thiscjrcumstance.is doubtless due largelyto 	 -. 


the fact that. most of the.: more exhaustive petrographic	 •fr( 


investigations relating to this subject have chanced to be in 


localities, inwhich: regional.- ntetamorphism.has, been mot;in 


evidence,añd contact-metamorphism has. produced minimum 


effects. 


In Ne	 Mexico, and theSouthwest generally, and, pethapg, 


throughout. the. Mexican plateau and- Great Basin regions. also, 


the effects of regional metamorphism are practically nil. 


Contact-metamorphism only is encountered; and, being unobscured 


by regional-metamorphic effects, it can be investigated by 


itself.	 n 


In the presence of so clear a display of contact-metamor-, 


phism,, many of our older notions of, this phenomenon are likely 


to undergo radical change. 	 Instead ofa simple mineralogical 


rearrangement of component particles, through a very limited 
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' : zone bordering the contact, according to the consensus of 


opinion heretofore, we find an extensive transference of new 


materials into the wall-rocks. 	 In the sedimentary rocks, this 


introduction ofextraneous material may reach into the walls' 


hundreds and even thousands of feet, instead of only a few 


'feet or even' inches as arnaximum.: MoreOver,'some layers area 


•	 much more affected than others; so that, for instance, in a 


given limestone series, the transference of even metalliferous 


particles may èxtnd,'in'some layerS,for' a mile or. two from 


layers appreciablè 


changes may not extend more than a few hundred feet, and in 


stili others, not more than a few inches.' 


Process of .Oe-Concetratio.-segregation and 'enrich-


ment at the bottom of the oxidized zone probably took place in 


the Lake Valley deposits in the same way as in ordinary 


steeply-dipping veins. " But this instance is peculiar; in that, 


after general degradation of the area had gone on for a 


considerable period,. th&,liméstones.were disturbed and ' tilted 


'at a high angle', and, as the permanent' water-level was gradually 


lowered with the progress of general erosion, the enriched ore--


bodies, through oxidation, solution, and reprecipitation as 


sulphides, changed their po'èitions laterally as we1l as down 


ward.	 In other words, they migrated, as it were, down the 


.	 . 
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slope of an inclined layer of cavernous limestone, until 


finally they became entirely separated from the original 


contact-vein. A nuinberof: similar. oases could be cited from 


neighboring districts. 


The influence of geologic structure and of special fea-


E':"	 ' tures of surfacé-relief:in bringing.about: this result has been. 


already discussed..,.z.'r::,,t: 


The. geologiccondi.tions.which have.solong conspired tor. 


L
preserve the Lake Valley ore-deposits are now fast changing;t 


and soon every: trace: 'of the,original,'ore_belt will have been 


obliterated. ..Such inroads have been made upon the peculiar. 


topographic feature which, has served •to. impound the waters H 


hitherto, that it may not be very long before the ore-zone will 


be 'drained, above ground. instead of undergrotind.' "' '." 


:.The present remaining mass of::the ore-deposits is,.' : but a 


';fraction.of.'theformer aggregate, yet.from.'this :re1t'c 


-]	
millions of dollars have been realized. 


i '. 5.. LoweringOf' Ground-Water Level.-This district 


presents evidences 'of recent, notable and . ' repeated changes in 


the ground-water leveIa phenomenon:mote frequent . than is 


generally supposed, but accompanied,'in this instance, withr 


an unusually clear, exhibition of the catises producing such c 


changes."3	 rjoi dfrort3u	 bl 
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• The extent of' .the'most recent lowering'of the water-làvel 


exceededl,000 ft. Só ' far as the ore-bodies are concerned, 


this lowering has kept in advance of the general degradation 


•	 of the district. 'At the present time, a point 'hasbeen reached 


in which the local erosion has just overtaken the lowering of 


the underground-water level, andnow threatens 'thé'coinplete 


:.effaceent: of the'ore-deposits.' ' 	 "	 "'	 ' 


'Change in the ground-water level has not been always down-


.., ward; there have been also slight upward movements It is to 


•


	


	 this oscillation of the :ater,leveI that certain otherwise 


inexplicable features of the gossanzone are to be ascribed'1 


A general discussion of the phenomenon comes more properly in 


anbtherplacé.	 ' ") )"""' 


6. Formation of Cerargyritic Ores.--The prevalence of 


chloride ores ' in the weáthéred zone ' of the'silvedeposits Of" 


jNew Mexico is of great interest. A fundamental influence upon 


both the formation and the preservation of large amounts of 


•	 • ores of this " clis ppears 1 ohävebeén exerted by'r the dryness 


•	 ,' •	 of the New Mexican alimate,iandby the presence of 'an abundance 


of chlorides in the circulating waters of the weathered zone 


of this " region, as facilitating the 'decomposition, transference, 


and re-deposition of ore-materials, in both silver- and gold-
T	 '	 '	 "	 '""t	 I?	 ,	 r	 1.j 


.1	 • 	 • 


veins.' Th1skregion'affordè anexceptiOnally favorable 
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oppOrtunity for anexhaüstive'.studyof the transforrnations'of'' 


the chloride ores generally. 


The genesis of the cerargyritic ores has long been a theme 


4 of speculation.No hypothesis yet.advariced'can be made to 


cover all deposits of thiS'c1ass. Theyhave, in fact, several 


(distinct modes of origin; and the processes and conditions in 


one region.mayfind. no'. cQunterpart in those/of another.? The 


following hypotheses"asto'the 'formatibñof Cerárgyritedeserve 



	


xnention ,:here: : ::	 '	 '	 ',;	 ,	 ' 1'	 :''j	 .' 


The chloridization may; have been due th small quanti-


ties of salt dissolved in 'the circulating ground-*à'ters. ' This 


,generalproposition', early: 'advanced'by. Bischof','11 while Ithàs 


been accepted for a large'number of localities, is purely 


theoretical and:,very primitive .:. It 'does not account' :for th& 


presence . of the, chloride compounds. Sins the' circulating waters-


• iwhich. is,.' from a practical': standpo.int,' :all_impornt., .'•': 


The 'chloride: ores' have' been' formed by the. action of 


• weak saline solutions on the native 'metals. This phenomenon 


	


f	 C' 


is frequently observed in many mines of the American arid 


regions',:.where:'a:.thin ' crust"of horn-silver" is' Often •foünd 


covering' a' mass ofnative silver. Silver vessels 'from 


	


ft	 ','S.""	 ' 	 ' 


	


1	 '?' 


Lehrbuch der Chemischen und Physikalischeñ Geologie , vol. ' 
iii., p. 808 (1866). Vol. xxxix.--ll 
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excavations of ancient cities are 'often coated with the chloride, 


•	 '	 as has been fully 'described by Schertel12 ' and others. Old 


silver coins, unearthed , frequently show such a surface-change.' 


In nature, however, this process can hardly have been an 


important factor in the production of chloride ores in large 


quantity. 


(3) Chloride ores may have been produced by the action 


of sea-water on vein-outcrops, as urged by Mosta 13 for the ' 


silver chlorides ofChile.' Of similarimport 'are Brauns's 


observations of the action of sea-water on the slag-heaps of 


the Laurion lead-district of Greece. Other examples might be' 


mentioned. But cases of this kind must be at best isolated 


	


TT ) :' , '	 and exceptional1.	 '	 "	 : 


.,.;(4) 'Such .ores"may'be due'" tO the direct action of waters 


'from saline lAkes. Th'is mode of 1' for tlon 'has been emphasized 


by' Penrose, 15iin accouñtinq foth production f horn-silver' 


in the desert regionsof western America, and the same idea, 


-	 / 


12journal fur' praktischè Chémie, vol. iii., pp. 317 to 319 



	


(1871) .	 t 


13Vorkommen'; dér : Chlor- ,Brom-, u Jodverbèndungéfl'deS Silbers



	


(1870).	 '	 '	 '	 .	 '	 '	 .	 S 
t	 , 


14Chemische Minera1oie, p. 367 (1896). 


15Journal of Ge0logy,vO1ii NOY 3p314 (Apr.May, 1894). 


	


'	 '14	 I
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though differing somewhat in details, is expressed by Spurr3'6 


regarding someof the Nevada slyer-ores.	 Another raodifiCa.. 


tion of the same suggestion is that of Ochsenius, 17 who 


postulates upraised lagoons, afterwards draining into the 


silver-deposits below.	 This explanation is 
also given by 


Sandberger18
 for certain Peruvian ore-deposits, particularlY 


those of the Cerro de HuantajaYa. 


The existence of former Quaterflary and Tertiary lakes. 


many parts of the Great Basin region, as a direct means of 


changing the ores of the gossan beneath into chloride form, as 


urged.. by Penrose ,, seems, to n 	
to. be, ,a.,wholly untenable assump-


' CerargyritiC ores are usual1y:fpund in the mountains, 


far above the highest level of any of these old lakes.	
These 


mountain-Ores are the only ones thus far exploited.	
Chloride 


deposits,tif tIiey:ex iSt
 at all beneath theold lake-basins., 


remain to be discovered.	 It cannot be assumed that saline
	 1t 


•	 lakes, formerlyi; existed above: the. mountain-Ores, or that thea 


rock-masses of the mountains have all been upturned and 


uplifted since the lakes ceased to exist.	 It is 
true that 


16Geology Appliéd.tO Mining, p. 286 . (NeW York, 1904) 


17Die Bildungen der Natronsalpeters aus	
uter1augensalSefl/ 


p.	 51	 (Stuttgart,: 1887).	 •. 


1	 i," 


18Neues Jahrbuch fur Mineralçgie, Geologie 
und PaleontolOgie, 


p., l74	 (1874). 


•	 .	 .....	 .	 .	 •	 .	 .	 .	 .	 . 	 .	 • 	 .	 . 
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'


	


	
some of the Tertiary lake-beds, 3,000 or 4,000 ft. in thickness 


(as, for instance, those of the Funeral range in southeastern., 


California) :; have been tilted and raised to even greater' 


heights; but cerargyritiC ores do not appear to be particularly 


plentiful in any of these localities. 
I 


(5) The chloridiziflg agents may have been derived from 


saline materials liberated by the weathering of rocks, as 


incidentally suggesed'b'BeCk. 19 ".SP1rr20 also mentions this.. 


I''i,. 


c.:


• hypothesiS, especially in connect0fl with'the. deposits of 


• Nevada. This" source 'of 'suiabIe chlOrides for the metals i's 


much more important in humid than in arid districts. In the 


• southwestern; United State1 its cOntribution 'rnust ' be 


inappreciable'.' r".'' 	 '	 '	 ••• '. .	 t•'.• 


• ' ' '(6Y '
 Thé formátionOf metallic .chlorides'Tflay have been 


• 'aided by the depo'sitior'Of dust, blown from the sea-coast.' 


This is nentióned,''aS a' :'poss'jble cooperative agency, by Beck.21 


'(7)The ecessarY chloridiZiflg' compounds may have been 


• furnished by the' evaporátiOr of grOund-waterSin an arid 


climate, leaving a sa1ne deposit near' the surface'of the soil. 
£i't•	 i:)	 )'	 .(y	 '	 •	 •,	 •; • 


3-,9The Nature of Ore-Deposits (Weed's translation), 
vol. ii., 


p. 375 ç19o5)	 A 'I'	 1'I.t	
rçç	 d 


20 ology Applied to Mining, p. 286 (New York, 1904). 
1'f cf	 R '2 Sity ut }nLf	 4 


21Loc cit/ '
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In a similar way lime-salts are extensively formed throughout 


dry regions, a foot or two beneath the surface, producing a 


deposit easily mistaken for limestone, and termed caliche by 


theMexicans..i' . 	 ." 


ChiorjnemayhavebeeflCOfltribUtedthr0Ugh direct .;;(8) 


(volcanic activity, either by emanations of free chlorine, as 


in the cases of many modern volcanoes, such as Vesuvius and 


kCotopaxi (the latter especially noted by Wolf 22 ), or by 


temanations from dry fumaroles during the period of most 


energetic activity, when the temperatures are very high and 


anhydrous.'ChlorideS of various: kinds are given: off in great 


'abundance ,' as described by Sainte-Claire Deville23 and. others. 


lava,	 in Such chlorides may accumulate between layers of	 as 


the cases cited by Ge].kie 24 of the old volcanoes of Scotland. 


(9)	 Through the agency of windblown saline dust (not 


necessarily from the sea-coast), which is distributed in 


• •:	 large quantities throughout. the' arid. regio'ns....?. 	
.'•: 


In the Southwest of this country the chlorides which have 


- 


. 22Neues Jahrbuch fur Mineralogie, Geologie und Paleontologie, 
p.	 164	 (1878).	 i	 / 


23Annales de Chimie et de Physique, Third Series, vol. lii', 
p.	 19	 (1858). 


24Proceedings of the Royal Society of Edinburgh, vol. ix., 
pp. 367 to 371 4 (1875-8)	 i	 k th 
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produced ntallic ores 'are not thought to be'directly due to 


'volcanic activity'. " NOtwithstanding ' the vast outpourings of 


éruptives' in the": region," the 'period of the 'Iatest of these 


manifestly toot' remote.' rAlthOugh 'it'is well known' that 'inmá'y' 


volàanic regions great 'amounts 'Of the' more. common chlorides', 


are' often' interbedded with 'the "ordinary lava sheets'," as 'just' 


stated,'"yet• ' in' the' region under cOnsideration', general "' 


erosion has taken' place to' 'Such: an extent"that ' this ' source' 


cannOt' be 'looked' to for an adequate supply of ' such chlorides. 


"The' most likely só'urcê'óf' sufficient supplies of chlorides 


to actupon' th&nietálliferous'deposits 'of the: region is, there-


fore,''the' ai'r.:"Th'iShypothesis, the"last Of those enumerated 


above,sugqests'the'caüse'which' has 'acted mOst effectively of 


all in the Lake Valley district, and probably throughout the 


dry' desert regioñS'gen'eráll",thOugh 4 nóttó"the"totàl exclusion 


of'others.'	 '"•	 ':	 :	 ' i:'	 , 


The' supplieS Of ' saline' materiáls"cOuld easily be, 'and no 


doubt mainly"weré,'wind-borne. The dusts of 'New Mexico always 


contain' appreciable' :quantities óf"ialine particles. " 


storms are"viOleflt and frequent. "'While they last, the 


atmosphere iss&filled with : fine sOil "thát"it' is 'impossibIe' 


to see more than a shOrt istance. Ephemezal pond-waters, in 


drying up,Loften1eave a white coating on the ground that is 
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R • popularly termed "alkali." 	 In reality, the white precipitateu 


is composed very largely of. commonsalt'.'	
--	 . :-


4


The amount of saline material inthe dusts of.. New Mexico 


is a constant factor. 	 The quantity of salty matter furnished 


P by this means very greatly exceeds, for a given area, that r ' 


supplied by the decomposition of :the rocks. 'When the rock-ut 


layers are highly inclined, as they are in most of the basin 


ranges, the saline matter in the dust deposited on the surface 


•	 • isèasily	 and.largely carried 


below, to mingle with the underground waters. 


The introduction of measurable amounts of saline material 


into the ground-water manifestly supplies one of the most 


•	 •	 •• .favorable."OflditioflS' for : . the formation of haloid compounds of 


___ the metals'.	 Another favorable condition is a geologic struc-


ture.'which'prOlflOtes	 'e.:jmpounding:of.mete0ricWaters.' 


underground, and a third is such a peculiar surface-contour as 


aids in gathering saline materials, retaining them in the	
'. 


surface-waters, and preventing them from passing off before 


they have" opportunity to" bè included in' the. waters underground. 


J


In the Lake Valley and neighboring districts, all of these	 ' 


conditions combine in high degree to th	 production of abnor-


___ mally large amounts	 saiineimatterihthe waters circulating 


through the gossan.b l t the	 hw!	 ft 
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Other haolid compounds of the metals are also found in. the 


Lake Valley deposits'	 The: chloro-'bromide of silver, einbolite, 


occurs in sufficient abundance to form an important percentage 


of the ores mined.	 Were it not for the large amounts of 


manganese and iron oxides which make the entire ore-body appear 


'
to Consist merely of ores 'of those metals:, it is probable that 


other haloid minerals would be recognized in greater or less 3' 


abundance.' Several such minerals are known to occur in neigh-


boring districts, where their presence is not obscured by 


these dark-colored materials. 	 The bromide and the iodide of' 


silver (bromyrite and iodyrite) are instances; the chlorides 


of lead and of coppex may also be present.	 A careful inquiry 


into the mineralogy of these ore-bodies would prove s highly .J 


instructive .:	 'h	 :	 '	 '	 .	 .	 '	 .........,	 ,., 


T. ,.; No native. ,s'ilverhas; .been reported to occur 'at Lake 


Valley; yet this does not preclude its occurrence in consid-


erable quantity.	 In th& neighboring districts, under similar'-


conditions (except that the associated manganese and iron 


oxides are not so abundant) , clarge amounts of native silver 


are 'found.:	 Itmaybe: suggeste&that the .cerargyrite hasbeen 


derived from such native silver•,' as: has" been'; found to; be the 


case. elsewhere (and is,. indeed, probable in an instance only. 
h	 o.	 ,	 I	 - 


a few miles away); but the shallowness of the Lake Valley 
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J. deposits, their position near permanent water-level, with only 


a few feet of wash above, and the presence of abundant 


suiphides in the deeper parts of the deposit, preclude this 


supposition. 


•	 '.	 , On the other hand,' the presence of 'suiphides,' the thinness 


of the deposit (which may' be regar4ed as a' "blanket-vein"),, 


the character of the local relief and geologic structure, both 


of which are especially : :fitted'. 'for'.the purposes of collecting 


and; retaining 'meteOric waters, indicate that the cerargyrite 


]	 " , was formed directly from:.SUlphates,' .'prodi.tced.'by the oxidation 


•	 ,	 • of the sulphides (argentit&,'stephanite,' and perhaps also 


•	
'	 si'lver-bearing galena)...r 	 "''	 ;	 " 


In a steeply-dipping vein, the migration of ore-material 


•	 '.downward through. the' oxidized zone is" well known.	 It is 'alsO 


often the 'case with' .cerargyrite,' the richest ore-bodies of 


•	 'which are 'frequently found 'near 'ground-wate	 level,' or im''T 


diately above the suiphides. 	 In other instances, such as those 


described by Mosta, 25 in Chile, there appear to be several 


•	 • ''	 distinct.'.zones in'Which cerargyrite occurs. 	 In general, the,' 


downward )ourney of the chloride ores in such veins is not 


difficult to follw; 'but 'the' Lake Valley deposits in, this 


1	 '	 .	 1 


25Vorkornmen des Chlor-, Brom- u. Jodverbindungen des Si].bers 
(1870)	 liro t1t	 app]	 cat	 ' 
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•	 'downward journey have..beefl'aftera"Whhi.	 chiefly diverted 


down a. steep and open stratigraphic,P1ane,in8tead,oth1e.li 


of the original vertical contact.	
r r 


xx.	 REcAPITULTION 


•	 ': The most suggeStive ftureS brought out .' in the foregoing ,


discussion may be briefly suflufled up 	 In the Lake Valley 
c1r 


district it appears that' 


a. '• The original source of the. ores 	
in extensive	 • 


L •	 .. ,	 '' '	 b. ' 'The ore-deposits have definite relations with the 


geologic structure of the district. 


C •	 The ore-deposits are also fundamentally dependent upon 


peculiarities of the local surface-relief. 


d.	 The ore-deposition has shown a marked preference for 


certain rock-layers. 


e.	 The ore-deposits have now no direct association with 


0 	
• 	 0 • 	 • 	 • 	


• 


any of the numerous eruptive masses 'of the' region. • 


f.	 The ore-deposits have 
not been faulted to any 


appreciable extent. 


g.	 There has been marked oscillation 
in the ground-Water 


•	 level.'	 '	 .•	 •	 ' 


0


• • : 	 h.'	 The 'usual explanations 'of. the 'origin of haloid ores 


are of very limited application, and probably do 
not obtain at 
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all in the southwestern United States • 


1• .Thejfl : 5óürce;ofth óhlórides producing the 


cerargyritic ores ha9 been the salinedusts of the arid 


regions. 


•j. In the aidreq .ionS. : .eoiiafl agenóiespredoininate among 


the geologic factors, while in humid regions aqueous agencies 


.	 are •mostfffeCtiveY C.	 th'i; 


, t I	 •	 th,r	 61r)p14	 th';c ryv 	 j	 rcv 


'	 t? '	 brit	 .	 , 
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GENESIS OF THE LAKE VALLEY, NEW MEXICO, SILVER-DEPOSITS 


Discussion of the paper..of Charles R..Keyes', p l39." 


Bernard MacDonald, Guanajuato, 4 Mexico (communication to 


the Secretary) --Mr. Keyes's paper is very interesting to me' 


because of my , personal experience'wi,ththe . :aevelopment of the 


ore-deposits of Lake Valley. 	 1	 l 


Seeing that many of the important facts' connected with the 


early history of the development of these mines are either now 


unknown, or have become more, orless.'distorted, and.'thinking 


that it would be interesting as well as valuable to have these 


recorded as a historical supplement to Mr. Keyes's elaborate 


paper, I present the following narrative. 


___


	


	 In February, 1881, soon after the Atchison, Topeka & 



Santa Fe railroad made connection with the Southern Pacific at 


Deming, N. N., the Lake Va'lley:properties were brought to the 


___


	


	 attention of New York and Philadelphia capitalists by John A. 


Miller, of Silver City, N. N. At that time silver was $1.10 


an ounce and 's ilver-mining was:, very attractive'. Vast 'fortunes 


were 'being made 'in, Leadville and. 'other' Colorado camps,' and 


•,Tostone 1 , was pouring out' 'its millions. 'Lake Vallé,' like'' 


all other mining-camps in their early history, had its draw' 


backs, but the railroade thenpassing within 14 miles of it, 


mitigated many OfI these • Then camp lay in thet foot-hills of 
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the Black range, in which the Apaches had their stronghold, 


and raided, when it suited their convenience, the surrounding 


[	
country, killing the prospectors and pioneer settlers and 


0 stealing their àáttle. 'This "band of• Indians was joined by 'the 


outlaws and desperadoes from the frontiers of Texas, Arizona, 


and Mexico, who collectively defied the United States soldiers, 


restrained as the latter were,'bythe mollycoddles from thé' 


11


	


	 East. The brutality of the Indian raids through Arizona and 


New Mexicóin . those days Would. ; scàrcely be believed now, buts'0 


they stain in deep scarlet the early records of these tern-


1,1 0


	


	


tories,'aitdare stillweli'•'reinenibered by the early residents. 


These conditionS, which'prevailed in southwestern New Mexico 


and eastern Arizona 'inl88l'?".constituted thprincipal drawback 


to mining operations in th&frontier camps The prospective 


purchasers'hesitated. beforethése problelns: 'are "the'.mines 


valuable, and if purchased, can they be worked profitably under 


existing conditioñs?' But;the'repres'entations of 'the properties 


were attractive, ' and : the minthg_feverrwasabroad in the land.. 


The serviceS' of George; "Daly'' a' mining engineer' and operator 


of national reputation, tienmanagerof the famous, Robinson 


nine',::atçOkomoColo.,'Wer'secured for the purpose of report-


ing on the zrits of the mines and 'ther surrounding conditions. 


After CoflclUdighia'examu1katiOn,hMr.rDaly went' to 
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S	 . 
New York and made his report in person, and, as this report was 


favorable, : arrangements were made to purchase the properties. 


The price, including commissions, was said to be $300,000, of 


which John A. Miller received $100,000, McEvertS, Lufkin, and 


the other owners the balance. George W. Lufkin had only a 


small interest, for which he received $15,000. ,Mr...Lufkin was 


	


•	 a prospector and ' a frlessIndiaflfighter, but I do not think 


he was a mining engineer, as has been stated. I knew him t 


personally, and saw him . occasionally, for. two years afterwards. 


His cabin, consisting ofcone room, wastheonly house at the-


mines at the timeof.the . purChaSe:.' ';	 •,' 


LS The New York people interested in the purchase were 


represented by George D. Roberts, a mining-man of California 


and Nevada, and the Philadelphia parties were represented.by  


Whitaker Wright, who was prominent as a mine-operator in Lead-


j yule at that time, and whose trial and suicide in London 


recently attracted so much attention. 


The claims included in the purchase covered about 5,000': 



	


• •
	 ft. in length, and comprised within.thebbUfldarieS all. the 


"outcrop". visible in .. thë.distriCt, and,. by:the way, all the. 


ore-deposits that were ever found.	 I 


After the purchase was arranged, Daly returned to Leadvulle 


to arrange his affairs# soa8 tog1Ve his personal attention 
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: to the"operatiOn of the properties. At this time .1 was super-


J


'.	 . "intendent'of the Iowa Gulch Mining CO.., and Daly offered me 


L


a similar position at the Lake Valley properties, which, owing 


J to special inducements, coupled with a glowing description of 


the rich undeveloped new region, I was glad to accept. I left 


L
Leadville April 20,l88l,afld arrived at Lake Valley three 


Jdays later. 


I went over the properties with Mr. Daly, who explained 


his theory of the genesis and localization of the ore-bodies, 


from which we developed a working hypothesis for their devel-


'opment. The theory (a modification of the one which accounted 


for' the ' Leadvil:lé ore-depoSits) Was 'that the ore lay in.. con-


tact betWeen' 'two dissImilar' : lime"S'trata,' a fossiliferous 


fissile white lime and a heaby-bedded dark-grayish blue lime, 


which were supposed to constitute the hanging- and foot-walls 


respectively. It was assumed that the contact-plane between 


these strata was', opened.. up during .the "'eruption 'of the.. . por-


phyries which constituted the: high hillS' to the west, and gave'. 


an opportunity for the f.low 'of 'the" mineral' solutions 'and 'the, 


deposition of the ore-bodies in contact between these strata. 


Unfortunately for the" .permanence'.of' the ore-bodies, this 


theory was proved to be iincorrect by the early development 


work, as the ore-bodies were foundrto lie in channels of very 
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limited depth in the "blue lime, !', and their source was not 


from below.	 2 


At that time the deepest development on the ore was an 


]	 '	 '
,	 inclined shaft sunk on an ore-channel on the Columbia claim - 


i
(subsequently included with the properties taken over by the ;r 


Sierra Bella Co). tothedepth ,of.;75 ft. 	 This shaft, .With..an:. 


• open-cut on the "Grande" 25ft'- . long,.. reaching a,.depth of 


1 12 ft., and numerous shallow cuts, none of which exceeded 4 


or 6 ft. deep, was the extent of the development. 	 Most of	 , 


these openings, however, showed "pay" ore in greater or less - 


quantity, which, in connection with an outcrop, traceable at 


intervals for a length of 3,000 ft. along the line of contact 


above mentioned, constituted agood:prospect. ' 	 H-


A few days later Daly returned to New York to assist in 


the organization of four companies to take over and operate 


• the propertiesinamely, thé'Sierra ! ApaChe . Co., 'taking the 


easterly claims of the group; the Sierra Bella Co., taking the 


claims next adjoining to the west; the Sierra Grande Co, 


taking in the claims ad]olnlng further to the west, and the 


Sierra (name not remembered) Co., taking in the claims on the 


extreme west end of the group. 	 Daly owned a fourth interest-Jin these companies, the remaining interests being owned by 


the Newj York and Philadelphia people	 t I 
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Development was begun on the Sierra Grande and Sierra 


Bella properties (these showing the more favorable indications 


in accordance with the theory above stated, by commencing a 


row of shafts at a distance of about 75 ft. from the outcrop 


in the direction of the dip. However,Whefl one of these shafts 


passed through the fossiliferous lime, and entered the "blue" 


lime, supposed to constitute the hanging- and foot-walls re-


spectively of the ore, without finding any ore, or even the 


gouge-matter of a movement-slip, the contact-theory, so far as 


it implied the indefinite downward and horizontal continuation 


of the ore between these two lime-deposits, was abandoned, and 


4development was then carried on under rthe old unscientific put 


much to be recoimtended method (especially in new districts , 


where the habit of the ore-deposit is4 not yet known) of 


"'following the ore." 


J4


	
The results of this method were all that could be expected, 


f or in a few months the good and the bad points of the ore-


deposits were dete°rmined. These deposits were found to lie in 


troughs or channels in the "blue"1ime, which seemedin most 


L cases to have been caverned out for their reception, and were 


L
capped over, except very near their outcrop, by the "fossili-


J ferous" lime, which, as I recollect, had an average dip of 


about 10° to kthesouth, and which formedthe upward boundary







-.	 t	 '-	 "-I' - 


.	


S 


I• 'of' the ore except in a few cases :, as that in the Columbia 


claim, where the, ore-deposit left the contact above referred, 


to, and dipped. down about 450 in caverns in the "blue" lime. 


The only departure we made from the rule of following the 


tore was the sinking of a "joint" shaft, which reached the ore 


at the depth of 25': ft., and in, cutting the ore-deposit at this 


place the phenomenal deposit of cerargyrite (horn silver), 


which we called the "Bridal Chainbe," was discovered .	 The 


history of this development, which afterwards became famous,	 c1 


was as follows: 


A drift, called the outcrop drift, was first started as 


an open-cut in the ore, and was being driven westerly parallel 


I•
with the outcrop, but from 25 to 35 ft. below it, at this time 


the drift had attained the 'length of 800 ft., all in ore, and 


had shown the existence of a large deposit of ore, the value 


of which kept increasing as the drift was extended. 	 In order 


to hasten the development a shaft was sunk about 100 ft. in 


4 advance of the drift, so as to determine if the ore extended 
t	 ,!	 t 


In	 this shaft was to be used to that distance.	 addition, 4
ventilate the workings and facilitate. the further development 


,	 .'	 "	 •ft'	 4 


p of the ore.
r	 , 


'	
'	 The site 'selected for this shaft was 'on the dividinglifle 4 I	 • , 


between the claims owned by the Sierra Grande Co. and the 
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:J. company adjoining it to the west, and for this reason it was 


':	 . . .	 .	 •••: called the."joiflt"Shaft, :bothcofl%paflies being charged with 


its cost.	 The shaft site and for a considerable distance 


around it was covered with a thicket of catciaw brush, which 


,
was cleared away and the shaft commenced early in August. 


L


The shaft passed through about 4 ft. of detritus and 20 


feet of the hanging-wall lime, a total of 24 ft. of overlying 


r,
material, before entering )the ore-deposit, which was 25 ft. 


MJ
thick at thatplace.2 Thevertical,SeCtiOfl of this shaft showed: 


t'	 r	 Feet 


1i	 Detritus,...	 s.	 ..	 •1	 .p.	 •	 •.	 •	
• 


ç	 FossiliferoUS lime stained wih the oxide 	 ofLron
20 


i. and manganese,	 •	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 •	 . 


-	 'i -rt	 b	 t1	 s o 
Oreaveraging400Z..	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 5 


¼	 C	 C	 h 


Oreaveraging600Z.,	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 3 


•	 /••.	 '
4 Oreaveragingl500Z.,	 .......•.•.••• 


•	 .	 .	 .	 1-	 6. 
Open	 space,..	 .	 .	 .	 .	 .	 .	 .	 .	 •	 ••	 .	 .	 .	 •	


. 


•	 .:	 •.	 '	 -•w•	 •••;'.2'	 .Y


4 Horn silver, averaging 15,900 oz., 	 •	 .	 .	 . ..	 •	 .	 . 


•	 •	 .	 •	 :&.	 •.	 •	 '•	 .. 
Lead (sand) carbonates averaging 500 oz. silver and 


40 per cent of lead,	 . •	 •	 .	 .	 .	 •	 a	 •	 •	 •	 5 


h	 Decomposed lime )heavily stained with iron and
.	 3 manganese,	 •	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 


Total thickness of deposit,	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 • 25 
o*c1


below (undetermined) "Blue"	 lime,	 ... ...	 .	 •	 • 
I 4.
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) •	
The extraordinarY commercial value ,of the deposit developed 


at this place was due to the occurrence of the streak, 4 ft. 


thick, of nearly pure cerargyrite. The commercial value and 


3	 physical features of this ore-body made it and the Lake Valley 


mining region 
famous The "outcrop" drift above referred to 


connected with this, shaft showed a	
of ore 


900 ft. long. 


i	
The downward continuation of this ore as a continuous 


sheet or bed was of limited extent, except for the narrow 


pipes, which extended for considerable distances in the "blue" 


1	
lime, but these finally feathered out and ceased entirely with-


outleaViflgeVefl a	 .at the diss9lUti9 fl of the. 


blue" lime and its replacement by the ore were simultaneous. 


An unforun&te .Circthfl :iIk.c0flnecti0n with these 


mines and the discovery of the bonanza ore-deposits in them was 


the strange coincidence, that on the very day, and almost the 


very hour, at which the "joint" shaft broke the 4-ft. streak 


of horn, 5j1verGeOrgepalY was k ,i1le4, by the.Iniafl .. He4p'• 


pursuing, with a posseofi citizens and miners, a band which 


had raided the town of Hillsoro and killed several men and 


women •	 ' 


I named the ore-deposit cut in the "joint" 
haft the



Bridal Chambe	 he1pa4Cl4lg igit , reflected by 
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.. 


• 'S,	 ,	


the my'riads' of crystals of 'cerargyrite and calcite studding 


I ' ,	 ' the roof of the' 'open ' Space' over the 'chloride streak... The ". 


'purest'speCilfleflS ofthe"chlotide streak assayed '20,000 oz. of* 


•	 "' silver tó ' the'ton, 'and 'the'average"aCrosS the' '4 E ft. face was 


1	 ', '	 15,000' oz'.' )"I•f 'the' flame of 'the candle was held against any 
portion of 'this' streak the ore'.wOuld' deórepitate' 'in the flame 


and fuse 'to a'Slág.	 Th& streak of sand carbonates that"unde 


I'
	 ':"''


laid the"chloride deposit was'practicallycO-terminoUs with'i.t, 


son"ásthè'chlOride''Streak broke up and disappeared" 


the lead carbonates disappeared also. 	 At a radius of 15 or 20: 


feet from the point cut by the "joint 1' shaft,' the chloride 


f streak broke up into' small streaks and segregations, but the 


'ore continued' to'average from 200 to 500 oz. for a considerable 


•	 ,
.•	 distance beyond this point, gradually lowering still further 


as the edge of the depos i,t was approached'. 


S 	


' • ' 	


' 	


'Bela Kadish was the 'first assayer on the properties. : I 


5 "


' 	 retired from the management at the 'end of the year 1881, 


5


' 	
' 'D. 


R. Jackson then becoming its manager. 	 He' built the 20-stamp 
5


'silve'r.-ámal.gámatiOfl mill for the treatment' of the ore, which 


5 	


5 	 " .' S 	


S '• , • operated for a time'on the rich.ore, but ,was not much of a 


5.'.
5 	 ' metallurgical success.' 	 Jackson'was followéd :by Dr. Endlich, , 


S • 	 , 	


. 
who shipped all the 'ore extracted 'from th 	 mines, including	 ' 


all the mill-tailings, to the smelter at Pueblo, Cob.	 The 
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;i. tailings averaged about 250 oz. to th ton. Endlich was 


followed by .Walter.C. Hadley, as manager, during whose admin-


istration the ore-bodies were practically exhausted, the total 


yield, I believe, being approximately 7,000,000 oz. of silver. 


The foregoing is my recollection of some of the prominent 


events of thea sad, strange, and unique history of the mining-


camp of Lake '.Vailey and 'one. ofin reasons for récoun€ingth&' 


narrative is that Mr Keyes has made no inention f Mr Daly 's 


connectionwithth,*propertieS. dic i 	 nr 


y 1ug	 tP o' b11 


it 


•	 '	 .	 •••-•	 •	 . 


tix	 fron th oI'1 tth t trail 


	


c1•:-..	 •	 .	 •, 


-.--•	 +.k:	 tf	 •-


T).3' flQ	 .	 ':'	 •.	 •	 ' •	 .	 ' 


wcTh that	 kiUe4a 9O 47LSt	 OV 


.1 ww1d	 iusprt, ftem t	 pea rrao-


the	 orc of ørn1 ihc tornttonS 


cuptiU rt edi	 try, 


fthd dthifl cn. ib U3flt	 of 


4 !'	 ciqE1.


uttc	 nd dq' 
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THE SILVER-MINES OF LAKE VALLEY, NEW MEXICO. ' 


' ' by Ellis Clark, Phoenix, Arizona.' 


L
(Virginia Beach Meeting, February, 1894.) 


J . .	 '.	 . ' These mines were 'discovered byGéorgeW. Lufkin inAugust, 


1878, and were worked almost continuously' until August 1893, a 


L •. "	 , .,	
" per'iod"offifteen years. 	 . '	 . 


The ore-deposits in this 'locality" lie close to the surface,. 


• and it is strange 'that the''Spani'ardS, passing and repassing for 


nearly 'three"ceñturieS,' 'didnot discover 'them, particular1yas 


• they are marked' in Severai"placeS'by large 'outcrops' of ,b1ackh 


flint and iron, which 'would lead' even a'casual observer in a 


mineral country' to'.suspect the procimity'"of ore;" .The.mines 


..' •'' .	 ,.	 are' 'situated about sixmilès' 'fróm"the''old : Santa Fe trail, and 


fifteen'miles fr,ómth&Rio'Grand.	 '• 


L • ' 
•• .. ' The geology"is" such'.that"a' Skilled geologist' passing over 


the ' ground' wou1d'prèbab1y' 'suspect, from the peculiar arrange-


' ment of the formations,: theoccurrence of ore. The formations 


in thedistrict,ërupiire and' sedimentary,.are nine.iñnunther;, 


and of these eight are to be found within' one thousand feet'of 


the e Grande workings 1. ''T 
Lc'	 Topography. 


The topography of the Lake Valley district shows its 



dependence OI1 the' sufade' and'undergzound geology, in a degree 


L1







I	 S	 . 
I more marked than the writer has elsewhere observed. The most 


prominent. topographiôal features,. are two rhyolite peaks, 


Porphyry Hill, situated one mile southwest of the mines, and 


rising 1000 feet above the plain, and the so-called Rhyo].ite 


Range, three miles to% the northwest, (rising 1500 feet above 


the general level. 	 . 


Starting from the base of the first-mentioned peak, the 


Silurian limestone-quartzites form a gradually dscending% 


ridge which expires nearthe lake that gives its name to)the 


district. This ridge, is bounded by the Barrenda valley on the 


northest,. and. by narrpw :shale ., •J'draws . . on he southeast. 


S .,. .. 


.	 Across these shaleval1eys,.;the.LowerCarboniferous Blue ' . 


Limestone ) gives rise to Apache 	 , which at a height of 700 


feet above the plain overlooks the mines. 	 r 


Finally Monument Peak, an isolated knoll of andesitewith 


(a ) heightof 500 feet, bounds the districts on the east. 


.............................................................................. 	 Geology.	 •h	 .	 •. 


The oldest formation in the district appears to be the ç 


Silurian limestone-quartzite,which, taking its rise along a 


fau1t at the base oforphyry Hill, extends for a distance of 


several miles to the northeast. 


The width of thisSilurian limestone-quartzite on the 
surface is (pnet mi1e atjthe- (center1ofthe( dist,ric,1 dimijusing 


J.
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. 


to one-half mile at the northern extremity. 


The actual thickness of this formation cannot be deter-


mined, since its base is uncovered nowhere in the district; 


•	
but the exposed thickness, L from a::pointiñ. the valley near'it0 ' 


Crystal Springs° t&the highest point'ofthe'quartzite,' isJ 


600 feet.	 '.	 •	 :'	 •:	 ',c	 ' 


Specimens of Favistella stellata, and the Favosites 


venustus havebeen found in the•qüartzite, 'which, withthé 


Monocraterionlesleyi found 'in the limestone swell, iitthe 


northern part of the Barrenda valley, appear to be sufficient 


• to'establish th'e age of :the formation as Silurian. 


The black and green shale,' the' 'néxti'.formàtion in:poiñt : 


of age, lies apparently uncomformably on the quartzite; it 


takes its' rise .clOsetOtheGtande wOrkings, forming a valley 


• '	 , '' from 500 to 1000' feetwide,'which', brokenatOne'point only, 


"constitutes : the natural' outlet to :'the northeast, and'has been 


utilizedfor the.'s'tage-road runnIng to Hilisboro and Kingston. 


ThiS shale over lies and forms for three miles: a contact 


with, thequartzite. It has been prospected in numerous 


placesby sháftstodepthsof'50 andl00fee,some of the ' 


shafts being within a few feet of the quartzite outcrop; but 


in one place only has its thickness been determined, and the 


underlying quartzite teache&fl'This iat apoint lOO feet 
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northwest of the Grande' workings, where a prospecting-shaft 


was sunk through 130 feet of shale to a red limestone 12 feet 


thick, under which was the quartzite. This shaft was sunk 


• 'with the objet of prosectiñg the soca lied "second contact." 


No ore was found,' but at the very base of the shale, nodules 


of about the size and shapeoVa potato, formed of iron 


	


'pyrites, :'werè encountered '. "'	 "	 ":	 '• " ' 


The point in the shale at which this shaft was sunk is 


one that has experienced Some"erbsión; and the prObable 


! thickness ' of L the' shale 'is :160 feet." No fosSls have been' '' 


found in it,and its dip is difficult to determine, but may 


.


	


	 be said in a general way to correspond with the general dip1' 


of the district,whichis'l5° to"the southeast. 


Succeeding the shale is a limestone called the "Nodular 


limestone," from its structure, which consists of nodules of 


-	 -	 '	 ' 
''1istone up to 2' ø3.'inchesi diaméter" surrounded b a' 


weak limestone "cement.- The' nodular limèstoñe 'is 48 'feet 


'thick,"as shOwn'on' a 'cliff on 'the northwest escarpment of 


Apache Hill. It appears first near the Grande workings, and 


• •;'	 .•	 , follows Apachel Hill' its entire	 in a 


large patch" on the 'nórth'èast sl6pe, where it has been exposed 


by the erosion of the Blue limestone. The Nodular limestone 


then	 tii 4southeast side of the 


fl.







.	 . 


shale valley leading to the lake.	 Its continuity is broken at 


one point by a small andesite outhurst, but it reappears and 


continues for a half mile, until it is faulted and disappears 


near the	 ttoWOOdS. 


The Nodular limestone is followed by a thickness of 24 feet 


of Blue limestone, which is locally known as the "Footwall 	 ., 


lime," from the fact of its underlying the ore-deposit.	 The 


Blue limestone is very pure, containing from 3 to 5 per cent • 


of silica and 45 to 50 per cent 	 of lime.	 It is occasionally 


broken by faults which have been filled in with a ferruginous 


flint, and are locally known as flint 'dikes," but which do 


not appear to have had any special influence on the segregation 


-of ore.	 Nodules of flint are occasionally found in 
connec-, 


tion with some of the layers of this limestone. 


1	 Overlying comformably the Blue limestone is a shaly lime-


stone, generally yellowiSh-White, but containing strata of red, 


purple and brown, which, from the fact of its being composed 


to a great extent	
has,been	 0 


called the Crinoidal limestone.	 Other fossils abound, 


spirifers being numerous, and trilobites rare. 	 The Crinoidal 


limestone is very siliceous, 1 containing 35 per cent. of 


silica and 3O per cent. of lime. 	 Italso contains nodules of 


flintof a somewhat different grain and texture from those 
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:	 S	 S 
found in the Blue limestone, and capable of being distinguished 


from the latter by an experienced eye. 


This Crinoidal limestone, from the fact of its, overlying 


the minor ore-deposits, and to some extent the greater ones,' 


is locally known as the "Hanging-Wall lime." It forms the 


summit and the lower part of the eastern flank of Apache Hill, 


oontinuing like a gigantic finger until it is eroded in the 
neighborhood of Phillips's well. It then reappears near the 


small andesite outbreak of the shale k,alley with a width of a 


thousand feet and a length of three-fourths of a mile, beyond 


• which it is eroded, leaving the. Blue limestone exposed. 	 s 


• '' ' ' .


	


	 To the southeast of the Grande and Bella workings, , the 


various formations flatten 'out and are in some places nearly 


level, and at others have a slight dip to the southeast, 


disappearing under a flow of the Monument Peak andesite. In 


two places, close to the graveyard, the thin coating of 
.1"	 '	 '	 ,.. ,.,	 ,	 .	 .	 ..	 ..	 . 


.andesite has' been eroded, exposing small patches of Crinoidal 
1 . 	 .	 " ,	 S '	 .	 .	 .	 .•	 '	 .	 .	 aua 


lime. At other points, near the town, prospect-shafts of 
-	 ''I,',-.	 '	 .	 ' ........ 


moderate depth' '(less than 25 feet) have been sunk through 


]	 .	 '	
,,	 •':.,	 •	 .:.	 '.	 .'	 .	 . 


the andesite and andesitic breccia to the underlying Crinoidal 
.,%	 '"' 


limestone., 'It 'is probable 'that the 'sedimentary formations are 
''	 '	 1'	 .	 '	 .. 


entirel cUt off 'tothe eásard b the 'Monument Peak eruptive' 
4 1rJ 4i	 urtacc, hut qun c-


	


' 'fissure.'	 '"".''	 'L":"	
.	 ::','..'-'- s.







.•J .•. . 


I	 ••	 : ••	 The total thickness of . ,theaedimentary:fornatjon 	 may be. 


approximated as follows:
	 ,i i 


Silurian.	 y	 , e&r 4	 '	 i	 ?	 Feet. 


Quartzite and limestone,	 .	 •	 .	 •	 •	 •	 600 


Lower Carboniferous.	 -c,	 Feet. 


Black shale, 100 feet; green shale, 60 feet, 	 .	 .	 160 


Nodular	 limestone,	 I .	 .	 .	 .	 ..I	 •	 ,	 .	 .	 .	 .	 .i	 r	 48 


Blue limestone,	 .	 . t.p •	 .	 •	 •	 •	 .	 .	 .	 .	 24 


r iCrinoidal limestone, 125 feet: upper, 25 feet; 
• topmost,	 25 feet,	 .	 .	 .	 .	 .	 .	 •	 .	 .,	 .	 .	 .	 175 .	 .	 • 


"1	 ¼JS	 • Y 	 '


1007 
I	 •:	 ;!-	 ;'1 


Eruptive Formations.	 .	 . 
i.	 •t	 .•i• 


• S	 .
- 


The eruptive formations of the district are four in 


•
::	 ,. 


.	 number, horn-blende-andesite, rhyolite, obsidian and prophyrite . 
p.	 ,	 .:.	 -	 : :--	 :6	 . 


All of these, with the exception of the obsidian, occur within 
-	 ,. S 	 . 	 ! 	 U.:	 w	 ,


S 


500 feet of the mine-workings. 	 .. 


• ••	 The rhyolite is the oldest of these formations, and by 


far the most prominent, though it covers but 2 of the 16 square 


miles shown on the map. 	 The rhyolites appear to be two 
-	 .,•:	 •	 .•S;	 :t;	 :	 .	 •	 .	 .	 • 


distinct flows.	 The first, which composes Porphyry Hill, 


southwest of the ore-bearing ground, shows a	 rock with gray	 a 
I	 I 


feldspathic matrix, the quartz crystals being small and mica 
-S	 S.	 •lJ	 -?	 $	 $	 - 


rare.	 It is hard on the surface, but quite soft where it 
r	 t1	 tW'	 htiJ	 t 


.
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.	 S 


____	 has been encountered underground, in the workings of the 


Grande. This rhyolite has accompanied a great fault almost in 


L
a straight line, with a northwest and southeast strike. It 


has cut all the sedimentary formations, beginning at the 


Crinoidal limestone and continuing down to the Silurian 


E
quartzite-limestone. 


This flow of rhyol].te has a distinct and very much dis-


L.	 ..torted' bedding; but the dip of the bedding is completely 


L
disguised, and specimens from almost any point on Porphyry 


Hill show twistings and convolutions like a gnarled oak-root. 
The contact between the rhyolite and the other formations, 


eruptive and sedimentary, is strongly marked where not 


obscured by debris. Beginning near the Grande workings, the 


contact between it and the andesite has a southerly strike for 


three-fourthsofa mile. It thénturnS' abruptly to the west, 


carrying that direction for a mile, and showing an obsidian 


11 dike on the southwest side. It then turns a right angle to 


C
the north to a point on the hill above Crystal Springs, and 


thence continues to the southeast, to a point near the Grande, 


faulting in its way the Silurian quartzites and the Lower 


L
Carboriiferous shales and limestoneS. 


The second flow Of rhyolite shows at four points in the 1 


,	 district, namely, the two hills to thenorthwest and southeast 
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•


	


	 of Crystal Springs, and the two peaks 1nthe extreme: northernt' 


part of the map known as Rhyolite Range. In these four hills 


the mineralogical features of the rhyolite are similar, the 


rock being gray-white, and consisting of a feldspathic matrix 


' with prominent quartz crystals 'and cOnsiderable mica.*. .: ' .m 


• The flows of this rhyolite have been very thin, sometimes. 


only as thick as a sheet of cardboard. They have occasionally 


distinct colors, varying shades of gray, brown, and, some-' 


times, brick-red; and 'thebedding is èàdistiict and.so 


regular as to give,tin places where a harder layer has been 


left undecomposed between two softones,the impression of àh 


.	 .	 '1	 - ...	 q 
stratified and sedimentay roc	 .Ifl '	 ' 


The di	 in the four hills is reqular, identical, and	 '


about 15' to the east. Except along"the northeastern flank of 


Porphyry Hill, where the sedimentary formations arecut of f,d-


and on the southwestern4"f lank, where a smallobsidian dike r 


occurs, both classes of rhyolite are bounded on all sides by 


;the andesite'.	 '	 '' :'	 ..! 


The hornblende-andesite is the predominating rock of the 


district, coveringabout three-fourths of the area that has 


been mapped. Whether this large amount of andesite is the 


result of a single "flowor has come from a number Of iso1ated 


fissures	 minfromthA 







.1	
. 


] present topography, but the writer inclines to the belief that 


it has come nearly simultaneously from a number of points 


which are now to be recognized as conical peaks within the 


] area mapped. 


•	 On the western side of the ditrict, the erosion has been 


such that the andesite hills 4 reach to the 5800-foot contour, 


or 800 feet above the plain; on the eastern side, Monument 


]
Peak, which bears rather distinctindications of being the 


root of a volcano, rises abruptlyto the height of 5500 feet, 


or 500 feet above the plain. 


At Monument Peak, the main fissure has a north and south 


direction, determining the outlines of the hill, and a later 


crater has been developed a few hundred feet to the eastward, 


• levainga conical knoll'..with.a knobof:nearly perpendicular 


sides, l00 feet in height, which forms the most distinct land-


mark in the district when approached 1 from the north, south or 


east.	 t	 , , 


The andesite that surrounds the flanks of Porphyry Hill 


appears to have come from two series of fissures or isolated4 


openings, grouped in a concentric manners, at distances of a


ft mile and a mile and a half respectively from the highest point 


of Porphyry Hill as a center.	 Cortinuing this analogy, 


Monument Peak zould blong ,.p1the tf4 ssjureepresented by the, 


.
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. second circle.	 'wo diminutive outhreaks of andesite, one at 


the summit and the other on the southeast side of Apache Hill, 
.	 :•	 .	 ..	 ..	 .- .	 I.	 . 


at a distance o	 a mile from the summit Porphyry Hill, would 


appear tO belong t6• the 'fissre	 epesnted' by ' thè fist' .'	 + 
fr	 "	 '	 F' r	 ' 


circle. 


The small isolated knoll of andesite on the side of the 	 •' 


shale valley, in the northeast cornerof the area surveyed, 


does not appear to have any marked connection with any o?the 


other outbreaks.' ' It has broken through the'Nódular and 


upheaved the Blue limestone, which shows in a disrupted 


stratification on its flanks. 	 tts action was purely local, 


as both the Nodular and the Blue limestone have their regulr° 


dip and strike within a hundred feet of the outhurst. 


The remainder of the andesite appears to constitute a 


sheet of varying thickness, eroded to a few feet only in 


places, notably southeast of the town of Lake Valley, and 


entirely gone at two points near the' graveyard, where it has 


left the Crinoidal limestoneexposed, and at a point l5OO 


feet east of Phillips's well, where the Blue limestone shows. 


The andesite of'.the entire d1stric 	 is 'nearly identical,	 ' 


consisting of afeldspathic matrix	 nd prominent porphyritic 


crystals of hornblende.	 eneraiIy' t1!ie color isreddish from 


+	 ' oxides 'of' iron, ubut Occasionally the' hOrnblende predominates 
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•H	 . 
S over the feldspathiC matrix, giving an olive-green color tto 


the rock.	
4 


The obsidian is a very subordinate formation, and occurs 


in quantity onlyon:'the'sOuthWeS t flank of Porphyry Hill, in 


a curved dike half a mile long and a few hundred feet wide. 


The porphyrite is, economically, the most important forma-


tion in the series, since all of the ore-deposits, with the 


exception of a small one on the Apache, have beenfound in 


•	 close ptoxizflity'to'it,' and' th& two most important ones ,' the 


Bridal Chamber, on the Grande, and the Bunkhouse, on the 


Bella, were directly under it and in contact with it. 


•	 tt •'Itocàurs'in: two ' troughs, the firstexcaVated' n the Blue 


limestone of Apache Hill, and the second (the one along which 


the ore occurs) between the Blue and the Crinoidal limestone. 


The latter has a' length of 1600 feet, beginning on the Bella 


with a width of 300 feet, and a southwest direction, parallel 


to the strike of the sedimentary formations, and gradually 


narrowing, with occasional slight swells, to a width of 50 ' 


feet, which it maintains to the Grande workings, where it 


widens to nearlylOO feet, and makes a right-angle turn, over-


lying the Bridal Chamber and paralleling the course of 


Porphyry Hill to a point neár the'mil1 where it narrows to a 


knife-edge anddisappe&red PCrF I YXJt ThI 2) t







I 
•	 This porphyrite: carries, in places from a trace to one 


ounce of silver per ton. •It generally, shows as a soft, clayey, 


.gray, äanary, chrome-ye lloW, or white material, sometimes. 


having a curly, birds-eye structure. Its metamorphic effect 


on the limestones in contact with it has been very slight, 


their color being changed from blue or gray to white fora 


few inches only. Rounded bowiders of limestone in a 


porphyritic cement are frequently found near its base. 


That this porphyrite is an overflow, and not a dike 


cutting through the sedimentary formations, though for a long 


time doubted, may now be considered as proved. Every attempt' 


to penetrate through ithas beensuccessfUl, and has shown it 


to. be resting on eitherth'e Blue :or; the Crinoidallimestofle.. 


The prospect-holes by which this has been proved are: Lhr 


• three shafts.:.in.the uppertrough,,where.the porphyritewaS 


• found to have S an average thiàkness of 30. feet, resting on blue 


limestone; a winze in the Strieby, which reached the Blue 


limestone at a depth of 125 feet from the surface, an upraise 


•	 • • fromthéEmporia Incline, which cut through the Blue limestone 


• into'the 'porphyrite'aboV;.SOmeShallOwShaftS i less than 25 


• feet'deep,; .which reached., the Blue limestone along the narrow ' 


part:oflthe overflow;':the Bridal Chainbershafti.WhiChiPaSSed 


throughr2O feet of wash f andporphyrite and2O feetof ore and 
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J• ended in limestone; and a shaft to the .south of the .Grande 


ii
where the overflow of porphyrite is 50 feet wide and 28 feet 


deep resting on Crinoidal limestone. 


The contact of the Crinoidal and Blue limestones has 


yielded practically all the ore that has been taken from the 


property, and at two points--where the porphyrite has over-


• flowed this contact,Y malsing a junctionof thetwo liméstones 


with the porphyrite--thave occurred the great bonanzas of r the; 


Bridal Chamber and the.BunkhouSe. 	 "	 r	 'Ii	 ' t 


Mineralogy.	 r 


The mineralogical characters of the Lake Valley ores vary 


with the different openings.	 The Twenty-five Cut,.ThirtYti 


Stope and Bridal Chamber have yielded siliceous ores..	 The-


Emporia Incline has yielded principally neutral ores, and the 


Bunkhouse, Columbia and Apache have yielded ores more or lesS 


• •	 basic incharacter	 .:r!	 ; 


Each of these openings, besides its main yield, which 1 may 


•	 •be considered in carload-lots, has yielded smaller quantities 


•	 •	 of ore of very different type. 	 '.. •	 :	 :	 •: 


The ores : from Thirty Stope consist. principally of gray , 


•	 • • • • S 	
brown,chocOlate',Pearl' and 'green flint.:	 The green flint;has 


generally yielded a grade of öre higher in silver than the 


LUj other colors • )t The tlint has beenL,muchbrOkefl and Crushed, the 
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• fragments subsequently having beencemented by veins of 


transparent quartz. 	 The manganese and iron contents are 


small, the silica contents large.	 An average of the ore from 


this working for the past few years would t be 65 per cent. 	 ') 


silica, 6 per cent. iron and 12 per cent. manganese, with 20d 


ounces of silver per ton.	 Fine specimens of pyrolusite 


showing crystalline structure are found in these workings. 


Much of the Bridal Chamber ore consisted of cerargyrite; 


and the little ore that has been mined from the chamber in 


recent years has been similar to th& Thirty Stope ore, but 


slightly less siliceous. 	 '] ' 


The Emporia Incline ore,' when considered in carload-lots, 


is a neutral ore, consisting of 30 per cent. silica, 12 per 


cent. iron and 18 per cent.mangafleSe, the remainder being 


limestone.-' It is generally brownish-black, with a tendencyto 


brown, and frequently carries from 1 to 5 per cent. of lead 


.in the.. form: of 'galena:.'.	 ItS contents in.', silver. vary from 30 


to 50 ounces to the ton • 	 c,	 d 


Galena is one of the accessory minerals in this working,. 


sometimes occurring massive and compact, with a fine-grained, 


crystalline structure, and soinetimes'in a pulverulent mass, 


known locally as "ra' metal,"whiCh is easily powdered under 


the preasur& of the fingers,1and intrniningis carefully	 'i 
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: S 'scraped and gadded' out of' the containing cavities, and allowed 


to fall on canvas lying on the rock-floor. 	 Blasting is not 


practiced on this variety of ore, on account of its value and 


the danger of scattering and losing it. 	 It contains from 200 


to 500 ounces of silver per ton and 50 to 60 per cent. of lead. 


The Bunkhouse workings have yielded several distinct 


varieties of ore from different parts of the mine.' The ore 


from the central portion of the body, taken out shortly after 


E
its discovery, varied in silver from 200 to 500 ounces per 


ton and was basic, containing a considerable proportion of 


cerargyrite	 1 Subsequent workings developed large bodies of 


L.S
chocolate-COlored, manganiferous ore, with an average composi-


tion of 8 per cent. silica, 12 per cent. iron and 24 per cent. 


manganese, the remainder consisting of limestone and gypsum. 


The silver-Contents were 20 to 30 jounces per ton.	 Overlying 


this ore were considerable bodies of what became knowl as 	
tJ 


"floxing-ore," averaging 35 per cent. excess of bases over 


silica, and carrying 5 per cent. silica, 10 per cent. iron and 


30 per cent. manganese, the remainder consisting of limestone. 


•	 The silver'_conteflts'WerealwaYs' iow,'increasing and 
diminishing 


with the silica-contents and averaging 5 ounces to the ton. 


The color of the fluxing-ore was black. 


underlying the	 ,'at the 


'is







S	 . 


base of the ore-Series, well into the Blue limestone, was a 


deposit of mnganoferrugiflO5 ore, which was nearly neutral, 


• with an average,:COmP0Siti01 of 30 percent. silica, 12 per cent. 


iron and 18 per cent. manganese. 	 Its silver-contents were 


low, seldom above 8 ounces per ton, and the ore was commer-


cially useless.	 In appearance it is 
not unlike the Incline 


ore, having a blackish-brown color, inclining to black. 


Nomenclature. 


The ore-formatiOn is locally known as a "blanket," but J 


this term is cotrect for a portion of the property only, and 


L1 there but partially.	 For convenience, the names of the three 


original companies have been taken, and the different partsO 


of the property will be described under the heads of the 1 i, n 


Grande, the Bella and the Apache. 


1.	 The Grande workings include Twenty-Five Cut, Thirty 


Stope and the Bridal Chamber and the Carolina workings, the 


former three being on what may be loosely termed the outcrop, 


and\the latter on the dip. tOnly the first three have yielded 


ore in quantity. 	
'	 c 


2.	 The Bella workingS include the Emporia Incline, the 


E
Harrison, the Bella Chute, the Bunkhouse and the Strieby,lall 


of which have yielded ore in quantitye r	 h 


3.	 The Apache tWOrking8ifllUd0 thoseLflortheast of the 
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the extremity of the ore-bearing ground, and hav Bella, to 


yielded considerable Tiron flux and 'a t comparatively small 


amount of commercial ore. 	
d 


The apprOxi1flate'Yield r fro	 have 


been	
i'u	 turtei 


/	 ')I W11I h	 Oz. of Silver 


''Bridal Chamber, A• 


Thirty Stope,	 a'Y3	 .	 .'l,000OOO 


c)rY 1Emporia Incline,'!	 .	 200,000 


.	 300,000 


r4?ol1Bel1a Chute,	 .	 11t_V.	 1FZf 500,000 


I
Twenty-Five Cut,	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 200,000 


Apache and scattering,	 .	 .	 .	 .	 .	 300,000 


)	 'Total,	 '.	 .	 .	 .	 .	 .	 .	 .	 .	
.	 5,000,000 


1.	 The Grande Workings.	 1' 


'- Plate II. gives a plan of the workings of the Grande? and 


the eruptive and sedimentary forinatiOn	 are shown in the 


sections MN to YZ (Figs. 1 to 1). 


Section MN, Fig. l, which is drawn through Twenty-FiVet 


CutttinnélandNOl4Shaft,i5°f	 as is known,: just 


beyond the western extremity of the ore-bearing ground. 	 The 


workingS inTweñ'tY'FiVe WSt : 'ae conéiderab1y below the 'ore-


bearing contact 'of the crin6idalañd tBlue limestOneS	 Th







•'H• 
Twenty-Five Cut tunnel is driven 62 feet along this contact, 


the Crinoidal showing in the roof and the Blue limestone in 


the f1oor The contact is here what is locally known as 


"frozen," and contains neither iron t nor öre One hundred 


feet from Twenty-Five Cut tunnel, No. l4 shaft was sunk on a 


diamond-drill-hole, the bore of which may still be seen at 


the corner of the shaft. At 62-1/2 feet the contact was 


struck, and ferruginous flint was found in twuantity, with an 


occasional piece rich'enough in silver for an assay," but no 


commercial ore. 'At a! distance of 175 feet from No. l4 sha.i 


the rhyol1teappearsøutting bff all the sedimentarj' 


'formations .	 t ¶ 


Section OP Fig. 2, Which is drawn' through the middle of 


Twenty-Five CUt 7 4 shows, first, workings in Blue limestone, 


which failed to find ore, then a stope in Twenty-Five1West, 


Jwhich yielded aquantity of very tich ore. A fissure, two 


to three feet wide and as long as the stope, shows in the 


roof,::while the floor isinunfissured B1üë•limestone.Thi's 


fissure in th& roOf,though br n means a proof, gives a hint 


as to the direction-in whiCh therigin Øf the ore is to be 


sought.I A ' tit"	 Y'	 2 


Pweñty-FiverCut,rnext Onthesection, shows an opening 


50 feet wide afld 25feöt; deep, in *ihich thè bre' was found in
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a solid body. It was not of specially high grade, and, from 


H


the traces left on the walls, must have been very siliceous. 


TotheSOUthOf Twenty-Five Cutthe Crinoidal limestone. 


appears and a little ore has been taken out of the Blue lime-


stone mediatelyuflder the contact, at which point the ore 


chute is cut off, and is not again met with on this section., 


One hundred and thirtySeVefl feet along the dip the section, 


cuts the Carolina middle level, which. at this point, is in 


L


Blue limestone, a short distance below the contact and 75 i 


feet further the Carolina lower level is crossed, still in the 


Blue limestone. An ipraise from this point was driven across 


the contact into the Crinoidal limestone without finding ore, 


stopping about 45 feet from therhyolite which it was 


intended to reach. n 	 w	 heU 


Section Q1, Fig. 3, begins on the Boiler-shaft fault, 


whichhàs&thrOW of 65 feet. The shaft,waS:SUflk a number:Of 


yearsago and reacheda'.dePth .oflO3feet,haVing passed:.r 


through the mud filling incident to the fault, and ending in 


the Nodular, which, at this point, was slightly mineralized 


with pyrites 'and a trifling amount of galena. 


;.,


	


	
onthisshaft,. andit:waS': 


sunk 72 feet deeper , penetrating the green 
shales to a depth 


of1 37 feet. AS might haveii befl expected, nothing was found 
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at a depth of 162 feet below the ore-bearing contact. One 


hundred and twenty-five feet from the Boiler shaft, the 


:workings of Twenty-Five West showed ore, and close by we find 


Thirty Stope, 87 feet long and 8 to 12 feet high, of solid 


ore. This stope occupies a space in the Blue limestone, and 


has the crinidal ' . limestone for a roof . over its entire extent.. 


The section then cuts the upper level where, on the contact, 


'a large body of siliceous 'iron was .foünd, but little of which 


':wàs'of,suffiCieflt richness in' 'silver 
for shipment as ore The 


middle level, as well as the two branches of the lower level,' 


tare on the contact; the rhyolite cutting off the limestone at 


L
ta further distance of 20 feet. 


Section ST, Fig. 4, shows the ore first at Thirty Stope, 


where it outcropped inp1aceS, or was covered with a thin shell 


of crinoida3. limestone. The stope is 125 feet long on the 


kline of sectiofl, and 12 to 37 feet thick, carrying solid but 


siliceous ore. The Crinoidal limestone overlies Thirty Stope 


on this section for its entire length dipping at a much hih 
rsteeper angle as it proceeds to the southward. Fifty feet 


from Thirty shaft, the ore-chute is cut off abruptly, and 


although an incline was driven along the contact of the two 


lime stones to a point Inear the Carolina shaft, where the 


hy11iteWaa'metr fl the middl: level bias driven . under '
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Thirty Stope fora distanóe,.ofofle'half its length,the ore 


appears to have been cut off ort all sides, as nothing more of 


it wasfound.	 ••i	 .	 •	 I 


The Carolina shaft is 125 feet from Thirty shaft, and 


1	 .. 118 feetdeep,. the.rhyoliteOCCUpYiflg the first62 feet, and. 


the remaining 56 feet being Crinoida . and Blue • limestone.	 Its 


lower level is driven along the limestone-rhyolite contact, 


having Blue limestone on the west, and rhyolite on the east; ' 


and a branch-level has penetrated the rhyolite for 25 feet. 


SectionUV, Fig. 5, : shows.ThirtyCUt	 where a bodyofore, 


62 feet long by 15 feet thick was mined.	 It filled a depres-


sion in the Blue limestone, and Athe section is notable for 


first tirne,zthe 


: its right-


angle ;turn from.:south to:east	 The :Carolinac.lower level,tthe 


ea.sternend of whiáh is cut in this section, finishes	 n 


rhyolite, which continues ;tothe Tend of the section. 


L
: Section wx,.Fig . 6,..cutsthethiflflOW of porphyrite which 


OverliS the Blue limestone, and which covers : the Bridal : 


•	 :
Chamber... This :remarkable deposit was contained ina .depres, 


sionin the	 lue.iimestone,afld:ShO'S onthe section as:104 


feet long by 20feet thicki 	 The line of sections which is 


drawn through ,the, Joint andRoberts cahats, ,passes through the 
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western portion of the Chamber, the total size of which may 


be given as 100 feet square, with a thickness of from 10 to - 


20 feet. This space contained horn-silver, much of which was 


so pure that it was sawed and cut out in blocks, instead of 


being blasted. The exact yield of the Bridal Chamber is not 


known, but from the available figures the production may 


safely be put down'as 2,500,000 ounces of silver, which is 


probably more than was ever taken out of a pocket of the same 


size. The Roberts shaft cuts through 31 feet4 of porphyrite 


and is connected with the Bridal Chamber by a drift 50 feet 


long through Blue limestone, this shaft ends in the Nodular 
1imestone at a depth of 86-1/2 feet. No. 11 shaft cuts 


through 40 feet of porphyrite, and ends in the Blue limestone 


'at 92 feet. Beyond thisi shaft the Crinoidal limestone is 


exposed for 37 feet, to a point where it is cut off by theJir 


rhyolite. 


Section YZ, Fig. 7, marks the eastern limit of the known 


L
orea..deposi'tS on the : Grande. At the nor.th' end of the section,. 


• •	 the' ore was fàuñd oü the surf ace, and • considerable amounts 


were quarried and shipped from this point. The contact then 


L
gradually descends until, atthe Daly shaft, a fairsized 


pocket was found at a depth of 50 feet, the walls of which 


have not yet been entirely cleaned of ore, although the recent 
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• .. yield has beenbut moderate. The.office:shaft is 137 feet	 : 


.1


•	 southof the Daly shaft,. andis l2Ofet deep, the Blue lime 


stone having taken a steeper dip. The Office workings have 


been connected withthe Daly workings by a drift and upraise 


passing through the Nodular without finding ore. The short 


drifts that incline near thbottom of the Office shaft show 


ferruginous ore in quantity, bUt without sufficient silver to 


make its mining profitable.''	 I	 'U 


The Crinoidal and upper limestones extend to the south-


ward 112 feet from the Of ficé shaft, where the small and 


narrowing porphyrite is met iTt a trough 50 feet wide and 28a1 


feet deep, through which Off iceshaft No. has been sunk 


into the Crinoidal limestone. Beyond this'porphyrite, thet 


highest member of the sedimentary èeriesl the topmost lime 


stone is met and continus for 1 6 feet, until cut off by the 


.,	 ..••••w-• rhyo].ite.::.	 •	 .	 •!.. 


This topmost limestoneis of a lightet blue-gray color 


than the Blue limestone, is thickly bedded, and occurs at two 


points only in the district, distinctlyat the point a1read 


mentioned and indistinctly onthe summit oVApache Hill. 


Erosion has causeditsdisappearance ifla11 other parts of' 


the area examined.1N3 'the iortht, ruiit ççf	 't	 . O 


iro.i vicrkirt, bin4 $9 &ct 
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2 • The Be ha Workings. 


The Behla workings, as before mentioned, consist of the 


Emporia Incline, the Bunkhouse,: Harfison :, Strieby and Behla 


Chute and the Last Chance workings. The first four of these 


are shown in the map, Plate III., and section, Fig. 8. On 


this map the porphyrite forms the northwestern boundary, and 


is about equal in area: to the ground from which ore has been.::, 


mined. The general parallelism of the trend of this porphyrite 


to the ore-chutes is noticeable. The workings from the 


Bunkhouse shaft are in an L"-shaped pocket, the upright por 


tion of the "L" underlying the porphyrite, and the horizontal 


portion going off in the form of a chute along the contact 
between the Crinoidal and Blue himestOnes to points where it 


is connected with the Incline and the Harrison workings. The 


Emporia, Harrison, and Bella workings form a single chute, 


lying strictly along the contact between the two himestones 


(Fig. 8) ..:The Inchineore-body begins as a narrow chutewhich. 


was covered by a few feet of wash, and continues easterly, for 


4.00:feet, to-the bottom of';the basinwhere the ore is found 


i
at a depth of 150 feet from the surface, the deepest point in 


the district from which, orèihás been mined:. The chute then 


:	 bends sharply towardsthe nbrtheast, rising gradually for25O
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surface and 125 feet from the porphyrite. Again turning 


towards the. Cast, it forms two large almost cy1irdrica1^' 


level troughs, directly under the contact and in the Blue 


limestone. This course it continues for 450 feet, until it 


• is cut off by the Coluirbia fault. Along the Bella chute,. the 


rise of the deposit and the fall of the ground bring the ore 


to within'from 25'to 40 feet of the surface. The Incline ore, 


especially in the higher parts of the chute, has general1yc 


contained merchantable quantities of lead. It was low in t 


iron, somewhat higher inrmanganeee, A withsuffiCieflt silica to 


make it a neutral ore. 


The central portion' of the Bunkhouse, at the angle of 


the "L," contained much horn-silver; the other portions	 r 


I
yielded a basic ore with some iron, high in manganese and 


very low in silicao The eastern workinqs along the contact 


yielded. anY'óre'lowifl.silVer and' silica,but'so high in ironY 


and manganese that it was much sought after as a flux; and 


at present' the iron and manganese waste is being assorted 


from the dump', and sold advantageously s \ a flux for the 


siliceous ores of Hillsboro. 


SectiOnkAB,F1g. 9, shows the overflow of porphyrite 


through which the Roberta' shaft has been sunk 54 feet, and a 


drift. dri1iren to the' eastward , cutting the Crinoidal limestone 


85







.


.	 . 


in its course, and terminating in the same formation. 	 An 


upraise was driven from the northwest stope along the contact 


of the limestoneS, connecting wi.th the Roberta shaft.. 


The Incline northwest stope was another large cylindrical 


trough lying principally in the 1 Blue limestone, but opening 


out to double size where it met the Crinoidal 	 The ore-body 


here was 15 feet high, averaging about the same width, and 


yielded a large quantity of neutral ore, considerably above 


the shipping standard in value. 	 Seventy-'five feet from the 


main stope of the Incline, this chute was cut off abruptly 


against a wall of limestone. 


The width of the main ore-chute along this section is 


87 feet, and on the southeastern side the contents in silver 


are sharply cut off, theiron-f lint continuing in places 


along the contact on No.2 incline for 165 feet, but too low 


rin silver to be mined as ore.	 From the John s shaft, on the 


southeastern side of the section, which has a depth of 158 


feet,' a drift was driven close to the contact for 237 feet, 


connecting with the bottom of. No. 2 incline.	 Two large 


chutes of ferruginous flint, each about 25 feet in width, 


were cut along this drift; but although all the iron contained 


traces of silver, no pay-ore was found. 	 3 


The formation maintains a di	 of 12'tOt the	 ottom'of 
.	 .	 .	 . ............................. . 


L
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No. 2 incline, where it rises slightly, and continues nearly 


level to the foot of the John's shaft. 


Section CD, Fig. 10, shows the porphyrite, and, directly 


under the wagon-road, a pipe of ore 13 feet wide and 6 feet 


high. This, as is shown on the map, connects the northwest 


:'stope of the Incline.With the Bunkhouse workings. This. pipe 


is remarkable as being entirely in the Blue limestone, close 


H	 !to the Nodular.. For; 75 feet after. leaving the northwest . 


stope:itconsists of;a single pipe;..but at thatdistance.it 


separates into three, two paralleling the main chute of the 


Bunkhouse workings, and the other entering them at a right d 


angle. During a space. of. three years this was. the only ;b& 


instance where the writer, in conducting mining operations, 


had both. ends ..of an ore-body at. the Same time. Thisdeposit 


was in the nature of a channel. or water-course, the center ' 


jof which formed a long cavern , and the roof, floor and sides 


were: in ore. t:	 (.'	 '•• 


The Incline stope on this section shows a gentle dip. 


No. 2 Incline shows at the base of the Blue limestone, anda 


winze from it was sunk 12 feet in the Nodular. From this 


point the contact lies almost leveluntil the section 


terminates at the east driftofthe John's shaft. 


Section EF, Fig.vl]t, cshows the Bunkhouse shaft, sunk 
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through 54 feet 'of porphyrite. At : this distance;a short"drift 


to the westward cut the Nodular • A drift to the southwestward 


opened the Bunkhouse workings, where, along this line of r' 


section, the ore-body was 100 feet long, with an average 


thickness of 20 feet and a maximum of 31 feet. Between theh 


cBunkhôuse workingsand the.Inclinecstope' a barren pillar of 


Blue limestone was left, Which was followed by 162 feet of n 


high-grade ore. This has been mined during the last two years. 


At the east drift the Incline chute turns to the north-


east, forming the Harrison workings. The barren contact 


continues, with a slight dip, to the bottom of the basin, and 


•'is théñnearly'level'."UfltiI' cut by theEast 'drift of the John's 


Shaft,. a.t which' point no 'ore. was, found. 


Section GH, Fig. 12, begins in the Blue limestone, cuts ' 


through the overflow of porphfrrite which covered the Bunkhouse 


;stope,' the workings of which" extend,. with.lesseied silver-


contents, under the Crinoidal limestone, to the air-shaft, 


•	 near which point 'achutewas followed well into the Blue lime-


'.stone'. . This chute correspondsr.with.. th'e one mentioned under 


Section CD.i Continuing the ore along the Harrison chute' 


:overlies'*the contact :inthe:CrinOidal limestOne, but . drops'. 


into the Blue limestone on reaching the Incline stope. The 


various workingsaround the east drift shovthe öre to be 
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cut off in this direction, and nothing has been found to the 


southeast.' 


Section LI, Fig. 13, begtns at the Morgan shaft, sunk in 


Blue limestone, passes by the Round shaft, which is sunk 


through the porphyrite and into the Blue limestone at a depth 


of 75 feet, and meets the workings of the Bunkhouse, which 


lie under both the Crinoidal limestone and the porphyriteXn 


the vicinity of the air shaft the ore-body lies in the rr 


Crinoidal lime, but on reaching the Incline workings, it 


sinks under the contact.	 At the east drift the 'ore is cut 


off, and the various upraises and winzes failed to discover 


cit.	 Nothing was found at tthe John's shaft east drift, at,1 


the end of the section.	 1 


Sectiofl KL, Fig. 14, shows but little ore.	 The porphyrite 


here widens to its maximum width.	 Comparatively small amounts 


of ore have been found in the Strieby.	 The porphyrite has 


been well explored by drifts,tby the Strieby winze (which 


reached' the Blue' limestone at 125 feet .from the surface),. and 


by the north shaft, connected with the Bunkhouse workings. 


Ore shows in the Harrison stope, and	 to a small extent, 


in' two other drifts along the section, , in both instances of 


a rather low grade. 


¶ Plate IV	 shows the complete. ndergroun&wOrkiflgS 	 Those 
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remaining Undescribed are the Strieby, Columbia, Last Chance, 


Apache, and one joining the Bacon claim. 1 The Strieby workings 


consist of a tangle of shafts, drifts and inclines, with but 


little stoping.	 They are in the limestones, underlie the 


porphyrite and have yielded ore in minor quantities.	 The 


Columbia workings lie at a distance of only 20 feet from thel 


surface, and little is known of their production, except that 


tradition tells of a cart-load of ore which yielded $20,000. 


The Last Chance workings are a quite recent development. 


The discovery-shaft is situated 125 feet north of the Bella 


Chute •	 In the shaft a body of manganese-ore was struck on the 


contact, at. a depth of l4feet	 Théworkings showed a main.' 


chute running to the westward, and a subordinate one that left 


the main chute and curved back into it at a distance of 50 


feet.	 The Last Chance ore-bodyk was struck at the richest and 


most basic point.	 It contained at the shaft considerable horn-


silver, little silica and a large percentage of manganese and 


'.iron; but ata distance of 50 : feetfrom the shaft, ,the silver-, 


iron- and manganese-contents had decreased, and the silica-


contents increased, so that it was not salable as a flux; and 


at 87 feet from the shaft, the silver-contents were so low and 


the silica so high that it was no t longerprofitab1e to mine. 


J.


r	 The ColulnbjaañdLagt Chance claims show what is known 
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as the ColUnbia slip or fault. 	 This is an upthrow of the Blue 


limestone, which first shows at the dwellings on the wagon-


road leading to the limestone-quarry, then curves to the 


southward, passing through the Columbia workings, where the 


L1 Crinoidal is found abutting against the Blue limestone.	 It 


tpasses by the Last Chance workings, cutting off the extension 


of ore to the eastward, and continues to the south, cutting 


and terminating the Bella Chute in its progress. 


3.	 The Apache Workings. 


• •	 The workings on • the Apache have been 'principally' for 


iron flux, the silver-contents in general having been very 


low.	 The ore lies close to the surface, and has sometimes been 


quarried, and sometimes mined, leaving a shell of hanging-wall. 


Shafts sunk in the workings of thi&claim show considerable 


bodies of siliceous iron containing'but few ounces of silver 


to the ton. 


Close to the Bacon claim, ore was taken out to the extent 


: of 30,000 ounces.The ore . wàsfoth&init1 usual place ón' 


the contact between the' Blue' afld Crinoidal" limestone, but 


the porphyrite which generally occurS near the	 , was lacking 


at this point.	 I	 1 


The contact ofthe	 the 


northeastl fromthe Bacon.	 ,	 Iv'
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S Much money has been expended here in the sinking of 


prospect-shafts, and at 
places along this contact the iron 


.	
. ' •: • • .• • flint is very well. developed; but with the exception of float . 


jtaken from the surface, no ore-shipments have ever been made. 


The average assay L and analysisof 4000 tons of ore, a 


year's shipnnt by thecompany duringthe writer's adnu.nis't 


	


tration, was:'	 /	 ä	 - 


Silver, i	 .i:3rg47.7 oz.periton'k, 


t Lead, .0 . .	 .	 •C'	 .t tFTrace	 cin Lt 


	


4 tSilica, .	 28.5 per Cent1t.,oc 


Iron, . .. .. • •h	 .r .r.	 :hl3.9	 7	 Itq 


Manganese,	 .' . •	 . . . i. • . • r 18 • 2 "	 " 


Zinc, . .	 . . • . . . . . . . .	 4.0 


This sample represents principally the Inline and' 


Bunkhouse , with some ore from Thirty' Stope and' Twenty-Five 


Cut.	 ,	 O C 


• Theoy of the Ore-Formation. 


It has been held, almost from the time of their discovery, 


by those familiar with the deposits of silver-ore at Lake 


Valley, that the ore must have come s up in solution from below; 


that it came along the "blanket" of irow-f lint, and that it 


was in some way dammed up or stoppedby theoverf low of 


porphyrite, which aybesaid,Uin a general wayp to overlie 
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• the outcrop of the "blanket. ". On the strength of this 


hypothesis, numerous diamond-drill-holes and shafts have been 


sunk, and those that were continued to a sufficient distance 


(seldom more than 150 feet) have encountered the iron-flint 


blanket, but .invariably with its: silvercontents lacking.' 


A later and more probable hypothesis is that the silver 


of the mines was originally contained in a great overflow of 


silver-bearing porphyrite, perhaps coming from Monument Peak, 


which covered . a. square:: mile or moz'ein. the immediate vicinity. 


of the mines. In the erosion of this porphyrite, the silver 


in it was leached out, the greater portion segregating itself 


• in the Brida1 Chamber an the workings connected with it and 


the remainder going to the Bunkhouse and the connected Incline 


and Bella workings.t The greatest distance that any large 


body of ore has been found from the line of the porphyrite is 


500 feet and most of the workings are within 200 feet of that 


line.	 , 


The writer's own observations have shown him that at a 


distance of about 250 feet from the porphyrite, the ore 


rapidly decreases in grade, and that at a distance of 300 feet 


there is little that can be profitably shipped. The Bunkhouse 


workings appear to have been a cavern, in which the ore was 


deposited rapidly,an&nothby rthe slowerprocess of a 
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dissolution of the limestone and a synchronous substitution of 


the silver-bearing manganese. In many places in this working 


the manganese is pulverulent and non-adherent to the limestone 


walls; and when thoroughly cleaned off by brushing, the faces 


of limestone has precisely the same weathered appearance as 


that of an outcrop, 'and looks as though it had been freely t1V 


acted upon by the atmosphere, possibly assisted by the rays of 


-L


	


	 the sun. Something of the same sort may be studied in the 


Last Chance workings & at a depth of 20 feet from the surface, 


while the Bunkhouse workings lie at a depth of from 50 to 60 


feet.	 r	 fl	 w	 F	 r 


• rhe evidences of a previc,us Hcävern :or cavity.in theB].üe 


limestone at the Bridal Chamber are not so marked, but the r.o 


indications are such that in the writer's opinion a compara 


L
tively rapid deposition appears morei probable than a gradual-


substitution,4 such as was very likely the case in the Incline 


workings, the Bella Chute, the Thirty Stope, and Twenty-Five 


Cut workings. 


Inapropértyof the extent of the Lake Valley mines, i 


which has yielded at least $5,000,000, there always remains 


the possibility of new finds through the expenditure of small i 


amounts of money. The dóñtadtbetween thetwo limestonesis 


an established 'fact; ' aiid thete tare but few 'placesion the o4 
H	 :	 •.	 • • 
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•	 ' ,	 southeastern portion of. the p,roperty'wher.e this contact cannot 


•	 '. Abe' reached 'at the moderate depth .of 150 , feet. Thus far, the 


W
explorations made at a distance from the porphyrite have been 


barren of commercial tesults, but from the occurrence of the 


ore in chutes, which, although constituting a part of the a 


"blanket," vary in. width (being generally narrow close to the 


surface and widening in depth), it is possible that large 


11


	


	 bodies, somewhat of the nature of the Incline or the Bel].a 
Chute, may still exist in the unexplored portions of the 


• •	 '	 ••	 ' ,	 property. ,	 •• '	 , 


The occurrence of new bonanzas, such as the Bridal Chamber 


and the Bunkhouse, is scarcely to be expected, as the condi-


___


	


	 tions under which they appear to have'been formed--viz., the 


triple contact of the Blue and Crinoidal limestones and the 


•,porphyrite--are not knàwn to exist at any points as yet unex-


___


	


	 plored, and the overflow of porphyrite has been so thoroughly 


prospected as to leave but little unexplored ground of that 


class. 


____	 The most promising quarter for further exploration would 


• ' " •	 ,. seem to be the extension of the Grande chute,at some point 


south of the John's shaft workings, where, as before mentioned, 


___	 large chutes of iron-flint, too low in silver for profitable 


working, were cutJ Other points which sould be prospected are 


re
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: the extension of the Incline Chute south of the Bella Chute, 


and the extension of the Bella Chute beyond the point where 


it has beencutoff by the Columbia fault. 	 ' 


Company work b/ day's labor in the mines was stopped	 t 
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LAKE VALLEY MINE 


P. W. Christiansen 


(Sixteenth Field Conference, Southwestern New Mexico II, 1965) 


....Asecondand even more spectacular mining development 


took place to the east of Santa Rita, across the rugged Black 


Range.	 The entire region around Kingston and Hillsboro was an 


important mineral producer	 but in the Lake Valley District, 


near Hilisboro, was discovered øne of the most fabulous silver 


deposits in the world.	 In l878, George F. Lufkin, a cowboy, 


accidently discovered the Lak& Valley mines.	 News of his find 


quickly spread and the area was subjected to a "rush".	 The 


small operations whichquickly sprang up were soon absorbed by 


three mining companies.	 Activities of all three companies were 


• conducted :for anuiber of years. by the Sierra Grande Company, 


ç


and it was under this management that the famous Bridal Chamber 


was found.	 This chamber was rough1y.l00 feet square and it 


ranged from 10 to 20 feet in height. 	 Much of the space was 


filled with horn silver so pure that it was sawed and cut into 


blocks instead of being blasted. 	 The Bridal Chamber of the 


Lake Valley district yielded 2,500,000 ounces of silver.	 The 


Thirty Stope, the next richest ore bodyt irithe district, about 


125 feet in length '12 .to 30 feet high and )90 feet wide, yielded 


l,000,000ounces of silver.
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MANGANIFEROUS SILVER ORES 


The most important deposits are those found at Leadville, 


Colorado. Manganiferous silver and iron ores are important 


in the oxidized zone of the Leadville district, forming large 


masses adjacent to the suiphide deposits. Some have suggested 


that they represented infiltrations from the porphyry, but 


P. Argall has shown that manganiferous siderite in irregular 


masses is abundant as a limestone replacement. He therefore i 


suggests that weathering Of the siderite has yielded the man-


ganese. The ores range as follows: manganese, trace 40 per 


cent; iron, 8-50 per cent; lead, trace 5 per cent, insoluble, 


A5_34 per cent, silver (in 1914) 2-25 ounces per ton, gold, 


trace. Ores of similar character are found at Heihart and 


Castle, Mont. Rhodochrosite occurs in the silver veins at 


Butte, Mont., :and a considerable amount' has been Shipped. 


Still othermanganiferous silver ores have been noted from '-


scattered localities inNew Mexico, Arizona, Utah, and Nevada, 


but appear to be of1ittle commercaal importance. Some found 


'in the Tintic disttict, Utah, have been used as flux at the 


___	 local smelters.. , 


r 'r Canada The Canadiaxt production isery small.' A number 


'of scattered deposits l árekztown ivNová$cotia, New 'Brunswick, 


___	 tand4 Quebect tgrtiMi
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•	 •.	 SILVER	 •• 


Silver, like copper and zinc, forms a soluble solphate, 


but unlike them forms no stable carbonate. However, its 


chloride and other halides are highly insoluble and even 


nativeslver is relatively resistant in the absence of 


]


	


	
sulphate radical. In addition to the halides and the native 


metal, silver in the outcrop may occur as argentojarosite and 


perhaps in other inconspicuous minerals. The predominant form 


in which it exists in the "paos" (ossan) at Cerro de Pasco 


has defied identification for years. 


The mobility of silver varies greatly under different 


conditions. Silver which occurs in galena is likely to be 


protected frOm solution and retained in the resulting anglesite 


or cerussite, whereas silver in tetrahedrite and other copper 


minerals is released with their breakdown and carried away 


unlessia precipitant such as chlorine is present. Green copper 


,JL


	


	 stain may record the former presence of argentiferous tetrahe-


drite. In oxidized ores, silver, like gold, is apt to be 


spotty. But in contrast to gold, a lack of appreciable silver 


in the gossan does not necessarily mean absence of silver at 


depth. The 8iqniican o	 ca c 
or absence of them in the outcrop is a topiø that rquire 


further investigation.
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AND	 .	 . 
MACHO MINE AREA 


SIERRA AND. LUNA COUNTIES, NEW MEXICO 


FOR 


HYDRO NUCLEAR CORPORATION 


INTRODUCTION 


During June 17 through July 2, 1970. an induced p01 arization 


and resitivi'ty survey was performed . on the titled properties. 


The field survey was under the direction of Raymond M. Sadowski, 


B.Sc., geophysical engineer for Mining Geophysical Surveys. 


A reconnaissance profile of each property was proposed to 


sample the induced polarization characteristics, of alteration. 


At Lake Valley, an old silver camp, high grade pockets of ore 


occurred in a fractured and altered limestone.. Manganese oxide 


ml neral I zati on is noti ceably abundant on the dumps and in the 


limestone about the old workings. 	 One alteration product noted 


was in the form of large amounts of massive jasperoid in the 


1 jmestone. 


The westerly extent of mineralization occurs at a N-S stri k-


ing, W'ly dipping contact between limestone and vo'lcanics. 	 This 


contact was believed to bea potential zone for mineralization and 


the initial reconnaissance line was run in the volcanics along 


®©_	 .	 ,	 .	 . . .. .	 ...	 .
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this contact.	 No a 


profile.	 The sligh... 


ered normal or background response below the weathered zone. 


A second shorter line was surveyed across the contact and in 


the area of the old workings. 	 No anomalous results were ob-


tai ned. 


At the Macho Area two reconnaissance lines were surveyed in 


an area of stained (altered) volcanics. 	 The target here was a 


mineralized intrusive at depth or mineralized limestone under-


lying the volcanics similar to that which occurs at the Macho 


(Dude) Mine. 


Both reconnaissance lines indicated negative results. 


Line 2 did show anomalous characteristics near-surface that 


upon detailed tests proved to be a power line-fence condition. 


SURVEY PROCEDURE: 


The induced polarization and resistivity measurements are 


made in the time-domain mode of operation. 	 A conventional sys-


tern of measurements which uses a time cycle of 2.0 seconds "on's 


and 2.0 seconds "off', a 2.0 seconds "on" and 2.0 seconds "off" 


(current reversed), was employed. 


The commencement of the measurement ofthe secondary volt-


age is delayed by 0.45 seconds to avoid coupling and other 


11u1J
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transient effects.	 The integration is performed during the 


period from 0.45; seconds to 1 .10 seconds after the cessation 


of current. 


To conform to a standard presentation, the integral time 


constant is adjusted to give induced polarization readings equi-


valent to those obtained with transmitter cycles. of 3.0 seconds 


"fl and 3.0 seconds uoff.with integration ofthe secondary 
vol tage during the first second of the d off" pen od. 


Throughout the survey a conventional inline dipole-dipole 


array of seven.or more electrodes was used with dipole lengths 


of 250' and 500' at Lake Valley and 500' . and 1000' at Macho. 


Measurements are made for dipole separation factors (n) of 1 to 


6.	 The potential dipoles occupy positions on both sides of the 


current-electrode spread, thereby obtaining a total line cover-


age approximately nine times the dipole length for a standard 


line of seven electrodes, and additional coverage where lines 


are extended.	 . 


Apparent polarization response is in units ofmillivolt-


seconds per volt, or milliseconds (ms), and apparent resistivity 


is in units of ohmmeters. The data from each line is plotted in 


quasi-section to facilitate presentation of data at all spacings 


used.


n
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DETAILS ABOUT THE PROFILES: 


LAKE VALLEY 


LINE 1, "a" = 500'	 -	 The contour pattern of the quasi-


sectional profile indicates background response of 3.0 ms at 


surface and to the south with a slight increase to 8 ms in the 


vicinity of electrode C 2 .	 The increased response is not con-


sidered indicative of . a substantial quantity of sulfide miner-


alization but likely an expression of manganese oxidemineral-


ization, so prevalent in the vicinity of the old workings. 	 The 


slight rise in response at depth occurs as a "layered" condition 


and is likely a broad effect of an increased volume of limestone, 


not necessarily IP responsive, underlying the volcanics. 


S	
LINE 2, "a" = 250'	 The detailed profile lies across the 


strike of the volcanic-limestone contact and continues into the 


area of the old mine workings east of the contact. A minor rise 


in response in the vicinity of electrodes C 1 and C 0 at the NE end 


of the. line is likely related to mineralization (manganese oxide?) 


associated with the. old workings. 	 Again, therise in response is 



not consideredsufficient to indicate a large volume of sulfide 


mineralization.	 The volcanic-limestone contact is shown by the 


strong resistivity contrast in the vicinity of electrodes C 1 and 


C 2 .	 The low resistivity volcanics (10 to 30 ohmmeters) lie south-


west of the contact with limestone (>300 ohmmeters) to the north-


east.	 The contact characteristics appear near-verti cal 


•	 .	 •.,	 .	 .	 .
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SUMMARY: 


Minor increase in IP response appears related to the area 


of the old mine workings. 	 No substantial volume percent sulfide 


mineralization is indicated.	 The effective depth of expi orati on 


for large targets is a maximum of 1000' in the area of Line 1.. 


The volcanics hav.é an IP response of 3.0 to 5.0 ms with a res-


istivity of 10 to 30 ohmmeters.	 The limestone has an IP response 


of 8.0 to 12.0 with a resistivity of 300 to l000 . ohmmeters.	 Pos-


sibly manganese oxide 'mineralization (reportedly.a weakIP. res-


ponder) has contributed to the slightly higher IP values related 


to the limestone. . 


MACHO MINE AREA	 . . 


'LINE 1, "a". = 1000', -	 The data on Lie 1 indicates a mod-


erat but irregular rise in IP response with depth. 	 Surface 


response is 5.0 to 8.0 ms while average apparent response at 


depth is 20 ms. A lowerlayer with a true response of 20 ms is 


interpreted at a depth of 1200'.	 The resistivity data is uniform



with depth'indicating that 'surface volcanics are considerably' 


thick below this line--likely greater than 1500'.	 No high resis-


tivity limestone is evident. 


LINE 2, "a" = 1000' 	 - A second reconnaissance line north 


towards the Macho Mine indicates mildly anomalous material near 


IL
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S.
surface.	 Detailed profiling at shorter electrode intervals 


(500') on Line 3 did not substantiate the anomalous response, 


which we attribute to a fence and powerline interference. 	 The 


increase in resistivity with depth is an indication of a pos-


sible limestone occurrence at depth and/or to the north of 


this line.	 The lack of anomalous response accompanying the



rise in resistivity is considered' discouraging byinference 


that the limestone (if limestone , is the cause of the increase 


in resistivity) is not mineralized. 


SUMMARY: . 


No anomalous IP response has been found in the area of..the 


two reconnaissance lines. 	 Line 2 indicates a rise' in resistiv-


ity with depth which may reflect the presence of a limestone 


block at depth or laterally towards the Macho Mine. 


The Lake Valley and Macho Mine Areas have been studied by 


reconnaissance IP and resistivity profiles.'' The data' does not 


indicate substantial sulfide mineralization anywhere within the 


areas studied.	 .	 ' 


A slight. response in the area of the mine workings' at Lake' 


Valley is attn buted to ,the abundant manganese oxide , mineral i z.-


/ 
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ation.	 The rise in response at Macho on Line 1 is considered 


to occur in volcani cs and is not indicative of substantial 


sulfides, i.e., likely less than 1% by volume at best. 


Academically we do see resistivity contrasts between vol-


canics and limestones which may be of value if future studies 


were to extend the coverage.	 However, no recommendations are 


made for further work based on the present.results. 


Respectfully submitted, 


Raymond M. Sadowsi, B.Sc. 
Geophysical Engineer 


Gordon Wieduwilt 
Geophysicist 


Tucson, Arizona 


July 17, 1970
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2400 EAST GRANT ROAD TUCSON, ARIZONA 85719 


TELEPHONE - 602 326-8619 


INVOICE 


Mr. Robert R. Hurst 
Hydro Nuclear Corporation	 11GS Project 0015 
Suite 1400 G	 July 16, 1970 
First National Bank Bldg. -East 
Albuquerque, New Mexico	 87108	 Invoice # 126 


-	 This invoice represents char g es for geophysical services per-
formed at your company's Lake Valley and Macho Properties, New 
Mexico, durina June 1970. 


tI
	


MOBILIZATION ..................$ 	 100.00 


PRODUCTION	 ................. $ 2,625.00 


VEHICLE COSTS	 ................. $ 	 365.60 


WAGES	 .....................$	 1,114.28 


LIVING EXPENSES	 .................$ 	 926.08 


M I S C E L LAN E 0 U S
	


$	 153.20 


DUE AND PAYABLE IN U.S. FUNDS 
UPON RECEIPT
	


$ 5,284.16







S 


SCHEDULE OF COSTS 


Mr. Robert R. Hurst 
Kydro Nuclear Corporation 
Suite 1400 G 
First Nati onal Bank Bldg. -East 
Albuquerque, New Mexico 87108


MGS Project 0015 


July 16, 1970 


The following schedule	 of	 costs	 represents charges	 for	 geo-


physical services performed at	 your	 company's	 Lake Valley	 and 


Macho	 Properties, New Mexico,	 during	 June	 1970. 


June	 17 Mobilization to	 Deming 1/2	 day	 mob' 


18 Line 1, Lake	 Valley 1	 day	 production 


19 Line 1, Lake	 Valley 1	 day	 prod' 


20 Line 1, Repeat	 (2	 setups) N.	 C. 


21 DAY	 OFF N.	 C. 


22 Line 2, Lake	 Valley 1/2	 day	 prod' 


Instrument malfunction 1/2	 day	 N.	 C. 


23 Line 2, Lake	 Valley	 &	 extensions 1	 day	 prod' 


24 Line 2, Lake	 Valley	 (extensions), 
Line 1, Macho 1	 day	 prod' 


25 Line 1, Macho 1	 day	 prod' 


26 Line 1	 , Macho	 0 1	 day	 prod' 


27 Line 2, Macho 1	 day	 prod' 


28 Line 2, Macho	 0


1/2	 day	 prod' 


29 Line 2, Macho 1	 day	 prod' 


30 Line 3, f1acho 1	 day	 prod' 


July	 1 Line 3, Macho 1/2	 day	 prod' 


2 Demobilization, Tucson 1/2	 day	 demob'


IL
o 0 
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Mr. Robert R. Hurst 
Page Two 
July 16, 1970	 MGS Project 0015 


MOBILIZATION - DEMOBILIZATION: 


1 day @ $100.00/day ..............$	 100.00 


PRODUCTION: 


10 1/2 days @ $250.00/day ...........$ 2,625.00 


Vt11LL	 Lu.I; 


MGS	 Truck	 -	 34169	 -	 Odometer	 reading 
32341 


1828	 ml	 @	 $0.20/mi	 ........ $	 365.60 


WAGES:
Ending	 6/20	 6/27	 7/2 


S.	 Mont	 $	 94.38	 $156.25	 $	 95.75 
1.	 Prim	 84.59	 145.69	 81.00 
J.	 Baade	 84.59	 145.69	 81.00 


$263.56	 $447.63	 $257.75 
TOTAL WAGES	 PAID	 $ 968.94 


+15% 145.34 


$1114.28 .	 $	 1,114.28 


LIVING	 EXPENSES: 


Lodging: 
Deming	 -	 Chilton	 Inn ........$ 446.08 


Per	 Diem: 
6/17-6/20	 3	 1/2	 days	 4	 men	 $112.00 
6/21-6/27	 7	 days	 4	 men	 224.00 
6/28-7/2	 4	 1/2	 days	 4	 men	 144.00


$ 480.00 


$ 926.08	 .	 .	 $	 926.08 


• S 


S.


;.
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Mr. Robert R.. Hurst 
Page Three 
July 16, 1970	 NGS Proje 


MISCELLANEOUS: 


Telephone:	 Tucson	 Deming 


	


$ 3.90	 $12.98 


	


1.98	 4.35 
4.29 
1.10 
1.10 


	


1.98	 ______ 


	


1.65	 $ 3333 


Out-of-Pocket Expenses: 
Trip to Deming WGW, June 17-20 


Travel (mileage)	 $ 66.40 
Room	 29.12 


•	 BoardS	 24.35 


	


•	 $119.87 


$153.20 ......$	 153.20 


TOTAL FEES • $ 5,284.16 


• 	 0•	 • 	 ••	 •. 


•	 •'	 ••
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JASPEROIDS OF THE LAKE VALLEY MINING DISTRICT 

NEW MEXICO



B E. J. YOUNG and T. 0. LOVER.ING 



ABSTRACT 


A study in the Lake Valley mining district, New Mexico, of selecind bodies 
of jasperoid involved the application of criteria for distinguishing between 
jasperoid which is favorable for association with silver and base metal mineral-
ization and that which is not. The study revealed some favorable bodies in an 
unprospected area more than half a mile from known silver and manganese ore. 


Three jasperoid bodies and one bedded chert in the unprospected part of the 
Lake Valley district were studied, mapped, and sampled in detail. Repre-
sentative samples of jasperoid were also collected from within the mined area 
in the district, as well as from the nearby mining districts of Hadley, Cooks 
Peak, Jose, Kingston, Hillsboro, and Organ. Comparisons were made between 
host rock and jasperoid along two traverses, and changes within the contact 


. zone were investigated by petrographic and spectrographic analyses. The 
samples showed more iron, titanium, aluminum, and barium in the jasperoid 
than in the host dolomite. They also showed more calcium and magnesium on 
the jasperoid side of the contact and correspondingly more silica on the dolo-
mite side, which indicates that major elements are diffused in both directions 
from the contact. 


The presence of favorable jasperoid in Fusselman Dolomite at some distance 
from known ore bodies in the Lake Valley district, in conjunctico with other 
evidence, suggests the possibility that sulfide minerals associated with jasperoid 
may be present in the Fusselman Dolomite near the Berenda fault. 


INTRODUCTION 


The field study that formed the basis of this report was undertaken 
to investigate the chemical composition, texture, mineralogy, and 
appearance of several jasperoid (silicified carbonate rock) bodies and 
to relate the characteristics to structure, stratigraphy, lithology, and 
composition of the host rocks, and to proximity of silver and manga-
nese ore deposits. All samples were classified as either favorable 
type (probably related to ore mineralization) or unfavorable type 
(piobably unrelated to mineralization) in the hope that the distribu-


Dl







/ D2	 CONTRIBUTIONS TO ECONOMIC GEOLOGY 


tion of favorable type jasperoid samples might furnish a guide for 
future exploration for ore in the district. 


The Lake Valley district is in the southwestern part' of Sierra 
County, N. Mex. (fig. 1), near the center of T. 18 S., B. 7 W. It is 
abouit 40 miles by road north-northeast of the town of Deming and 
about 15 miles west of the Rio Gran.de. The district was famous 
during the 1880's for silver mining; during World Wars I and II, it 
also produced some manganese ore. However, the bonanza silver ore 
bodies have long been mined out, and the manganese deposits are too 
siliceous for profitable exploitation under current market conditions. 


Representative jasperoid bodies were mapped by use of planetable 
and alidade, and samples were collected by Young during March and 
April 1962. In addition, small suites of representative jasperoid 
samples were collected for comparative purposes from several other 
districts in the same region, but the bodies from which these samples 
were taken were not mapped. 


Semiquantitative spectrographic analyses of the samples were made 
by J. C. Hamilton. Maps, photographs, and field descriptions were 
prepared by Young; petrographic studies of the samples were made 


)	 Hillsboro 
I 


/	 Kingston


	


SIERRA COUNTY	
N 


nLake Valley 
I


_ - __ 
Jose•CkPk	


DORA ANA COUNTY 
Hadley	 I


Organ• LUNA COUNTY


Las Cruces I	 0 
Deming


10	 20	 30	 40 MILES 


FIGURE 1.—Part of southwestern New Mexico showing outline of Lake Valley 
Mining district (fig. 2), and location of adjacent mining districts (black 
dots).


.
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• by both Young and Lovering; and the resumé of the history and ge-
ology of the district and the statistical studies of the sample data were 
done by Lovering. 


HISTORY AND PRODUCTION 


Ore in the Lake Valley mining district was discovered in 1878 by 
G. W. Lufkin, and the major part of the district was soon claimed by 
three mining companies—the Sierra Grande, the Sierra Bella, and 
the Sierra Apache. The silver boom that followed reached its peak 


.
in the early 1880's after the discovery and exploitation of the famous 
Bridal Chamber ore body, which yielded 2½ million ounces of silver. 
By 1893 the depletion of most of the high-grade ore bodies, coupled 
with a decline in the price of silver, caused the virtual abandonment 
of mining in the area. During the brief 15-year period of mining 
activity' (1878-93), the district produced 5 million ounces of silver. 
From 1893 to 1964 approximately 800,000 ounces of silver was pro-
duced. Thus, by 1964 the Lake Valley district had produced a total 
of approximately 5.8 million ounces of silver, of which about 40 per-
cent had come from one ore body in the Lake Valley Limestone. 


In 1928 and 1929 the lower beds of the Lake Valley Limestone were 
explored by drilling, but the contact with the underlying Percha 


'Shale was barren of ore, and the project was abandoned. Harley 
(1934, p. 179) reported that one drill hole "rear the old Virginia 
Shaft" penetrated through the Percha Shale into a thin bed of brec-
ciated and partly silicified limestone, which was also barren. This 


.
record of exploration below the Percha is the only one published for 
the district, and the site of this exploration cannot be found because 
the Virginia shaft is not s'hown on published maps of the district. 


During World War I the district yielded nearly 8,000 tons of man-
ganese ore. During World War II, in 1942 and 1943, over 37,000 
tons of manganese ore, averaging 20.8 percent manganese, was shipped 
from the Lake Valley district to the U.S. Government stockpile at 
Deming. In 1953 the Haile Mines Co. built a 200-ton-per-day con-
centrating plant in the district to beneficiate siliceous manganese ore 
mined from openduts; this work terminated prior to 1960. 


Although much of the rich silver ore was associated with cerussite, 
the amount of lead produced as a byproduct of silver was not recorded. 


The main mineralized area of the district was about a mile long 
from southwest to northeast, and half a mile wide; it was most in-
tensely mineralized adjacent to the Berenda fault at the southwest 
end and least mineralized at the northeast. Mines in this area (fig. 2) 
were designated as belonging to three groups: the Grande Group at 
the southwest—the richest—which included the Boiler shaft, Office
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shaft, Twenty-fivecut, Thirty stope, and Bridal Chamber workings; 
the Bella Group in the center, which included the Emporia inôline, 
Bunkhouse, Strieby, Harrison, and Bella Chute workings; and the 
Apache Group at the northeast, which was made up of small mines 
whose principal yield was iron flux (Harley, 1934; Creasey and 
Granger, 1953). All the mine workings were shallow. The deepest 
in the district was the Emporia incline, which penetrated 150 feet 
beneath the surface.


L 


GEOLOGY AND ORE DEPOSITS 


The map of the district (fig. 2) was modified from Jicha's map 
(1954). The district is in a tilted fault block of sedimentary rocks 
of Paleozoic age (Ordovician to Mississippian (table 1)), which is 
surrounded by volcanic rocks of Tertiary age. The strata within the 
block strike northeast aiid dip 1520 0 SE. The block is citt off on 
the west by the Berenda fault and on the southwest by a northwest-
trending fault, which was shown by Jicha (1954, p1. 1) as a continua-
tion of the Berenda fault, but which was called the Lake Valley fault 
by Creasey and Granger (1953). We refer to :both faults as the 
Berenda fault. 


The exposed sedimentary rocks include approximately 800. feet of 
limestone, dolomite, and shale (table 1). The volcanic rocks sur-
rounding the block are predominantly andesite in the lower and 
middle parts of the volcanic rock series and rhyolite in the upper part. 


Most ore bodies in the district were irregular replacements in the 
Alamogordo and the Nunn Members of the Lake Valley Limestone. 
In some places the top of the Andrecito Member, was also replaced by 
ore (Lindgren and others, 1910, p. 280). Hypogene mineralizing so-
lutions which circulated along faults and fractures produced vein 
deposits locally; the ore was thoroughly oxidized and secondarily en-
riched by ground water. Ore deposits were localized stratigraphically 
by favorable limestone beds in the Alamogordo Member and struc-
turally by small faults and fractures, by a drag zone along the major 
southwest boundary fault, and by small warps and open folds in the 
beds on the dip slope of the Berenda fault block. 


The two types of ore mined in the district were spatially related, 
but separate. Silver ore was more restricted in distribution than 
manganese ore and was confined largely to the southern part of the 
district. Most of the bonanza silver ore (>50 oz per ton) was not 
highly manganiferous, and manganese ore was poor in silver. Where 
the two types were associated, manganese ore commonly formed a 
floor beneath the silver-ore bodies. The silver-ore bodies of the 
Grande Group were highly siliceous, rich in silver, and relatively poor 
in manganese. Those of the Bella Group were less siliceous and con-


0
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'1 


'	 EXPLANATION 


Contact 
____________ - - - 	 Doubly plunging syncline 


	


Fault	 --
Dashed where approximately 


	


located	 Anticline 


Fiouan 2.—Generalized geology of the Lake Valley district, Sierra County, 
N. Mex. (Modified from Jicha, 1954.) Dotted pattern indicates jasperoid out-
crops, which were sampled in A, B, C, and D areas (shown in detail in fig. 3). 
General location of the three mine groups is shown. Y-61 and Y-62 are 
jasperoid sample sites. Quaternary alluvium (Qal); Tertiary volcanics, tuffs, 
and flows (Tv); Mississippian Lake Valley Limestone (MI); Devonian Percha 
Shale (Dp); Silurian Fusselman Dolomite (SI); Ordovician Montoya Dolomite 
(Om); and Dl Paso Limestone (Oep). 


787-097 O-65---------2







Cl)


Cutter Member 75± Dolomite, sublithographic. 


Aleman Chert 40± Dolomitic limestone, fine-grained. 


C ___________ 
Montoya Dolomite Member 


a


Upham Member


____- 
55±


__________________ 


Dolomite, medium-grained. 
0 
'0


_____________________ ___________ ___________________________________ 
Cable Canyon Sand- 30± Sandstone, dolomitic matrix. 


stone Member


•1 


D6	 CONTRIBUTIONS TO ECONOMIC GEOLOGY 


TABLE 1.—Generalized 8trati(/raphic section of rocks ez,posed in the Lake Valley

mining district 


System j	 Stratigraphic unit 


Volcanic flows and tuffs 


5)


Unconformity 


Tierra Blanca Member 


Lake Valley Lime-	 Nunn Member 
stone


Alamogordo Member 


Andrecito Member 


Caballero Forma-






tion 2 


C	 I 


o	 Percha Shale 


C


Dolomite


Thick-	 Character

ness '(feet) 


55± I Limestone, containing white cliert. 


	


110± Limestone, blue-gray. 	 W 


25± Limestone, blue-gray. 


55± Limestone, containing black chert 
nodules. 


35±1 Shale and very sandy limestone. 


200±1 Black and greenish-gray shale. 


215±1 Dolomite, medium-grained. 


El Paso Limestone	 200± Limestone and dolomite. 


1 Jicha (1954). 
2 Laudon and Bowsher (1941). 


tamed more manganese and more calcite and gypsum. In the north-
eastern and central parts of the district, a prominent "chert" (or 
jasperoid) layer at the top of the Alamogordo Member formed the 
footwall of the replacement deposits. In the southwestern part of 
the district, where beds had been dragged and fractured close to the 
Berenda fault, this layer was brecciated and then cemented by younger 
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jasperoid moderately rich in silver and rich in iron and manganese. 
In this area, stringers and small pockets of manganese oxides occurred 
in massive red, green, yellow, and white jasperoid, which filled frac-
tures in the older chert. According to Clark (1895, P. 148) this jas-
peroid ore averaged 65 percent Si0 2, 12 percent MnO, 6 percent FeO, 
and 20 ounces of silver per ton. In the central part of the district, 
the ore generally averaged about 8 percent Si0 2, 24 percent MnO; 12 
percent FeO, and 20-30 ounces of silver per ton, and the remainder 
was limestone and gypsum. The following vertical section through 


.


the famous Bridal Chamber ore body has been modified from Jicha 
(1954, P. 72): 
Surface.	 Feet 


Detritus------------------------------------------------------------- 4
 Iron- and manganese-stained limestone--------------------------------20 


Sliver ore (40 oz per ton)--------------------------------------------5 
Silver ore (60 oz per ton)---------------------------------------------3 
Silver ore (150 oz per ton)-------------------------------------------4 
Opencavity---------------------------------------------------------
(Jerargyrite (15,900 oz per ton)---------------------------------------4 
Oerussite sand (40 percent lead, 500 oz silver per ton)-----------------5 
Iron- and manganese-stained decomposed limestone--------------------3 


According to Silliman (in Lindgren and others, 1910, P. 279) ore 
and gangue minerals from the Lake Valley district consist of ankerite, 
apatite, calcite, cerargyrite, cerussite (argentiferous), embolite, ga-
lena (argentiferous), hematite, limonite, manganite, native silver, 
psilomelane, pyrolusite, quartz, and vanadinite. Creasey and Granger 


'


(1953) reported that manganese ore from the district consists largely 
of manganite and pyrolusite but includes subordinate psilomelane 
and minor braunite and cryptomelane. 


Clark (1895, p. 165-167) thought that silver was originally dis-
seminated in the Tertiary volcanic rocks. that once covered the area, 
and was leached by ground water during subsequent erosion to be 
precipitated and concentrated at favorable sites in the underlying 
limestone. Subsequent investigators, however, attributed the pri-
mary mineralization to hydrothermal solutions that rose along faults 
and subsidiary fractures, later to spread laterally along favorable 
zones in the Lake Valley LimestOne. According to Harley (1934, p. 
177), the early primary solutions were rich in silica and contained 
minor amounts of manganese, iron, and silver; these solutions formed 
the chert layer at the base of the ore bodies and also a few siliceous 
low-grade silver deposits. Later solutions—preceded or accompanied 
by renewed movement on some of the faults—were richer in lime, 
silver, and manganese and poorer in silica; they deposited ankerite, 
manganiferous calcite, ruby silver, argentiferous galena, and a little
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pyrite along cracks and fractures in the older siliceous replacement 
bodies. The mined ore bodies had been subject to supergene enrich-
ment caused by oxidizing solutions migrating down the dipslope of 
the major fault block, over and through the "chert layer." Where 
this layer was fractured the ores were siliceous, but where it was 
undisturbed the overlying ore bodies were calcareous but relatively 
poor in silica. 


Harley (1934, p. 173-177) recognized three distinct types of epi-
genetic silica in the district: the early "chert layer" at the top of the 
"Blue Limestone" (Alamogordo Member of the Lake Valley Lime-
stone); the variegated silver-bearing silica that fills fractures in this 
layer in the southwestern part of the district; and brecciated siliceous 
replacement bodies in the Fusselman Dolomite west of the mineral-
ized area. He described the jasperoid bodies in the Fusselman Dolo-
mite as milky colored and granular, resembling quartzite, and as 
highly brecciated and cemented by vuggy late quartz. These bodies 
are most abundant near the Berenda fault, but some are as much as 
a mile distant. They form prominent rough, craggy outcrops that 
are surrounded by a talus of angular blocks and fragments. Clark 
(1934, p. 148) also mentioned the late silver-bearing "flint" ores from 
the workings in the Grande Group. He described the ore from the 
Thirty stope as consisting principally of gray, brown, chocolate, 
pearl, and green flint, brecciated, and cemented by veins of transparent 
quartz. He reported that the green flint was much richer in silver 
than were the other types of flint. 


The proximity of favorable and supposedly unfavorable jasperoid 
bodies in the Fusselman Dolomite and the presence of ore-bearing 
jasperoid bodies in the Lake Valley Limestone, as described by Harley, 
prompted the choice of the Lake Valley district for this study. The 
original intent was to map and sample representative jasperoid bodies 
and their adjacent host rocks, both in the Lake Valley Limestone 
within the main mineralized area and in the Fusselman. Dolomite at 
a distance from it, so that the two types of jasperoid bodies could be 
compared in detail. Unfortunately, only the outcrops in the Fussel-
man Dolomite were amenable to study; those in the Lake Valley 
Limestone had been either mined out or covered by mine dumps, so 
that only small scattered outcrops . of jasperoid remained. 


METHOD OF CLASSIFICATION OF JASPEROID SAMPLES 


Classification of jasperoid samples from this area as favorable or 
as unfavorable was based on the statistical comparison of various 
properties, or criteria, suèh as color, texture, mineralogy, and chem-
ical composition. Large groups of samples representing more than 
20 mining districts were first classified, on the basis of their field rela-


S
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tions, into two groups: those closely associated with ore bodies (f a.-
vorable), and those not associated with ore bodies (unfavorable). The 
distribution of the various properties between these groups was then 
compared by the Chi Square test and the Kohnogorov-Smirnov two-
sample test (Siegel, 1956, p. 104-111, 127-135; Lovering and Hamil-
ton, 1962). Those properties whose distributions showed a statis-
tically significant difference between the two groups were then given 
point scores that corresponded to the level of significance obtained: 
one, for the 90-percent level; two, for the 95-percent level; and three, 


. for the 99-percent level. For the chemical elements the significance 
test was applied at the concentration which showed the greatest dif-
ference between the cumulative distributions for the two groups. If 
the difference was significant at this level, one scoring point was added 
for each order of magnitude of increase in the concentration of the 
element. Thus, for silver, the greatest difference in the cumulative 
distributions between unfavorable and favorable samples occurred at 
0.0001 percent silver, and this difference was statistically significant 
at the 99-percent level. Points were assigned to samples containing 
imore than 0.0001 percent silver on the following basis: Three points, 
if content was more than 0.0001 percent silver; four points, if more 
than 0.001 percent silver; and five points, if more than 0.01 percent 
silver. Plus scores were assigned to characteristics that were more 
common in jasperoids associated with ore; minus scores, to those more 
common in japeroids not associated with ore. 


The scores for each sample in both groups were then totaled alge-
, braically, and the resulting distribution of scores was compared with 


the original classification of the samples to arrive at a cutoff score 
between unfavorable and favorable that would result in misclassifica-
tion of the fewest possible samples in both groups. This point was 
found to be +5. About 90 percent of the samples originally classi-
fied as favorable gave scores of + 5, and abont 80 percent of those 
originally classified as unfavorable gave scores of + 5. The clas-
sification system was further refined by grouping the scores in incre-
ments of five as indicative of unfavorable, probably unfavorable, 
possibly favorthle, favorable, and highly favorable jasperoid samples. 
Table 2 lists the characteristics used as criteria, the scoring points 
awarded to each, and the classifications as based on the total scores. 


All jasperoid samples collected in the Lake Valley mining district, 
as well as those taken from other mining districts in the region, were 
classified on the basis of their total scores; their proximity to known 
ore was disregarded. All samples of jasperoids known to be associ-
ated with ore bodies gave favorable scores; several samples from 
jasperoid bodies some distance from any known ore in the Lake Valley 
district also gave favorable scores.
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TABLE 2.—Criteria used in classifying jasperoid samples 

as favorable or unfavorable 


Critezion Score 


Color I 


Pale red 5R_- -1 


-2 


------------------------------


Moderate red 5R	 -------------------------


+1 Light brown 5YR --------------------------


+1 Dark brown 5YR1-----------------------


Megatexture
+2 Phaneritic----------------------------------


Vuggy +2 


Microtexture 


-------------------------------------


Ratio of largest quartz grain diameter to 
smallest quartz grain diameter >10 +2 


Reticulated +2 
-2 


--------------------------------
"Jigsaw puzzle"----------------------------


Hypogene minerals


-1 
Pyrite----------------------------------' + 1 


-1 


Supergene minerals
-1 
+2 


Clay, montmorillonite group-----------------


Jarosite +2 


Sericite or hydromica-----------------------


-1 


Calcite--------------------------------------
Goethite------------------------------------


Element and concentration (percent) 


------------------------------------
Yellow-orange limonite-----------------------


Fe------------------>1 +2 
-1 --------------------------------


----------------- +3 
+3 


Ag------------------>. 0001
+3 
+3 


Zn >. 01 +3 


Cu-------------------->. 002
	
--------------


Pb------------------->. 001
	
--------------


Mo >. 0005-------------


-2 


Cu------------------>.02
+4 
+4 


Mg >. 01	
--------------


-------------------------------


Pb------------------>.01
	 -------------


Ag----------------->. 001
+4 
+4 


----------------------------------


Zn >. 1 +4 


Mg----------------->0. 1	 -------------


-3 


-------------
Mo >. 005 -------------


+5 


---------------------------------


+5 


Mg----------------->1.5	 -------------
-------------------------------


Cu----------------->.2
	


-------------


Ag----------------->.01
+5 Pb------------------>. 1


	
-------------


------------------
+5 Mo >. 05	 -------------


Zn >1 +5


1 Rock colors are from the National Research Council "Rock-Color Chart" (Goddard 
and others 1948).
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TABLE 2.—Criteria ased isv classifying jasperoid samples as favor-






able or unfavorable—Continued 


Total score	 Classification 


<+ 1--------Unfavorable	 Unfavorable 
+ 1 to <+ 5------ - -Probably unfavorable 


+ 5 to <± 10-------- -Possibly favorable 
+10 to <+ 15-------- -Probably favorable Favorable 



^ + 15--------Highly favorable 	 j 


JASPEROID BODIES IN THE LAKE VALLEY DISTRICT 


Two of the four bodies mapped are jasperoid in the, Silurian Fussel-
man Dolomite; these show favorable characteristics. The third, a 
jasperoid in the Ordovician Montoya Dolomite, shows unfavorable 
characteristics, as does the fourth, a bedded chert in the Mississippian 
Lake Valley Limestone. These bodies, as well as five favorable jas-
peroid samples that were taken from the "Blue Limestone" in the 
mined area—apparently from the Alainogordo and Nunn Members 
of the Lake Valley Limestone—will be discussed nexL 


UNFAVORABLE JASPEROID IN MONTOYA DOLOMITE 


An elongate body of jasperoid about 170 feet long is present in the 
Ordovician Montoya Dolomite in the NW1/4SW1/4 sec. 20, adjacent 
to the Berenda fault (fig. 3A). The jasperoid in this body is mottled 
red and gray and seemingly has two textures: brecciated and massive. 
It is massive only by contrast, however, for brecciation can be seen 


'
on close inspection (fig. 4). The Montoya Dolomite is light olive 
gray to light brownish gray and is lithographic; it is presumably the 
Cutter Member. Rhyolite of Tertiary age crops ou,t south of the 
Berenda fault. 


Five samples were taken from the jasperoid body, and all were 
found to be unfavorable. (See taJble 3.) Proximity to the Berenda 
fault apparently had no positive mineralizing effect on the Montoya 
Dolomite, because the jasperoid shows no characteristics indicative 
of association with ore. 


BEDDED CHEB,T IN THE LAKE VALLEY LIMESTONE 


A small knob in the SW1/4NE1/4 sec. 20 was mapped by Jicha 
(1954) as jasperoid, but the knob is actually underlain by a doubly-
plunging syncline of Lake Valley Limestone that contains chert. 
The knob, according to Jicha, is surrounded by Quaternary alluvium; 
however, field evictence suggests that the base of the knob is underlain 
by Percha Shale of Devonian age. Figure 2 has been modified ac-
cordingly. (Se also fig. 3B.)
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A. Unfavorable jasperoid body(dotted) in Montoya Dolomite 


a 


5550 \\


B. Bedded chert body (dotted) in Lake Valley Limestone (Mississippian) 


FIGURE 3.—Areas in which outcrops of jperoid 


•1 


/ 


'S 







D. Favorablejasperoidbody(dotted)inFussel-
rIr.mif 1 500 feet from Berendä fault. 


apled, and sample sites.
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C. tFo;raIb'lejasperoid boIy((.tte.d)iiniFtussel-






nan D.oIo.mite adjacent to Bee;nda fault.


EXPLANATI ON 


Contact

Dashed where inferred 


Fault

0ohed where approximately located 


.	 . 


ilnfervol 25 feet 


I0 


SttiUceand dip of 
eethmntary beds 


Strike and dip of joints 


Strike and dip of slickensided 
surface and plunge of striations 


•Y-48 


Sample site 


.
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FIGURE 4.—Unfavorable jasperoid in OrdQvician Montoya Dolomite, showing 

brecciated and seemingly massive textures. 


Three chert samples were taken from this knob for comparison with 
the jasperoid samples; samples Y-57 and Y-60 are from the Ala-
mogordo Member, and sample Y-59 is a black chert from the Andre-
cito Member. All samples were classified as unfavorable. (See table 
3 for significant feature,s of the chert samples and their scores.) 


FAVORABLE JASPEROID IN FUSSELMAN DOLOMITE NEAR THE

BERENDA FAULT 


A jasperoid body, irregular in form and aTout 200 feet wide, lies 
in the SW1/4SE 1/4 sec. 20 and is very near the Berenda fault (figs. 2, 
3, 5A); there is a small outlier 100 feet to the north. The larger 
jasperoid body is very similar to tha.t in the Montoya Dolomite pre-
viously described. A small part of the outlier has milky-white frag-
ments of jasperoid in a dark-reddish-black hematitic matrix. (See 
fig. 5B.)


El
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TABLE 3.—Significant featnres and tabnlated scores of jasperoid samples from 
.	 the Lake Valley mining district (fig. 3) 


[Numbers in parentheses (+2) indIcate scores. Analyst: J. C. Hamilton] 


Criteria
Total 


Megascopic 
examination


Microscopic 
examination


Spectrographic 
analyses 


Sample a score Classification 


JASPEROID BODY IN ORDOVICIAN MONTOYA DOLOMITE 
[Average, +1; probably unfavorable] 


Y-31 Mg------0. 1	 ......(-1) —1 Unfavorable. 
("Jigsaw puzzle" 1 Y-32 ------texture(-2) 


-----------
Mg-----------(-1) —4 Do. 


[Calcite(-1) 
"Jigsaw puzzle" 


Y-33. Vuggy---------(+2) ------texture---------(-2) Mg-----------(-2) 
------


1. Probably un-


----------------------------


Goethite(+2) 
-----------


Zn.05 ---(+4) J favorable. 


-------------------


Calcite(-1) 
Y34 fMg------. 1	 ......(-1) 


------ 3 Do lZn.05 ---(+4) ------------ J Y-35 Vuggy---------(+2) 
------------------------------


"Jigsaw puzzle" Mg (-1) —1 Unfavorable. 
------texture(-2) 


BEDDED CHERT IN MISSISSIPPIAN ALAMOCORDO AND ANDRECITO MEMBERS OF 
LAKE VALLEY LIMESTONE 


[Average, —3; unfavorable] 


Y-57 Vuggy---------(+2) "Jigsaw puzzle" Mg------0.03 ..-1) —1 Unfavorable. 
-------texture(-2) 


Light brown (5YR "Jigsaw puzzle" Mg15 ------.	 _(-2) 6/4).b	 (+1) ------s	 texture----(-2) Cu------------- (+3) }	 —1 Do. 
ILate calcite(-1) 


y(+2) 1 


{vugg


Grayish orange "Jigsaw'puzzle" 
pink (5YR ------


- 
texture(	 2) Mg------------


- 
(	 1) 0 Do. 


--7/2). b	 (+1) 


-	 ',-'.'	 IJ%JL.JJ.Y11 I £. '.iJE. I 'J nrILI,L LA r A Ut I 


[Average, +12; favorable] 


Y-47 Vuggy--------(+2) Size range > 10 c (+2) Pb------0.002(+3) +7 Possibly favor-
Fe------5.0	 (+2) -------Ag. 003 - (+4) 


------------Y-48 do--------(+2) Size range >10 c (+2) Mo (+3) -----
+20 Highly favor 


Pb.07 .(+4) -----------
able. 


Zn (+3) Size range >10 c(+2) 
Reticulated tex-


Y-49A do--------(+2) GI:+2)
.002J+3 }


Possibly favor-


Montrnorillo-
--------nite(-1) 


Size range >10 o(+2) 
Y-49B Grain size >0.1 2 


i:z:::	 •02. i:4) }	 +8 Do. 
--------texture(-2) 


(Size range >10 °(+ 2) (Mg---------(-1) 
------ 1 Y-49C Giainsize>Q.1 Fe3.0	 (+2) +9 Do. 


---------mm(+2) (Pb-------. 015(+4) J Size range >10 c(+2) 


---


Grain size >0.1 
--------


mm--------- (+2) Pb------------(+4) 
----------Y-52A Vuggy--------(+2) Goethite


----------(+2)
Mo (+4) +20 Highly favor-


--------------


Jarosite(+2) ------------Ag (+4) able. 
"Jigsaw puzzle" 


-------------


--------texture(-2) 
Size range >10 °(+2) Fe------2.0	 (+2) Y-52B do--------(+2) ------Goethite(+2) -------------


Pb-----------(+4) 17 Do "Jigsaw puzzle" Mo (+3) 
--------------------texture(-2) Ag (+4) [do--------(+2) Size range >10 o (+2) 1 Y-53 Brown (YR 


-- Grain size >0.1 Mg----------(-1) +6 Possibly favor-3/4) b	 (+1) --------mm(+2) able. 


See footnotes at end of table.
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1TsiBLE 3.-2igniflcant features and, tabulated scores of jasperoid samples from 
the Lake Vslley mining district (flr3)—Oontinued 


Criteria 
___________________________________________________________ Total 


Sample a	 score	 Classification 
Megascopic	 Microscopic	 Spectrographic 
examination	 examination	 analyses 


JASPEROID BODY IN FUSSELMAN DOLOMITE AWAY FROM BERENDA FAULT 


[Average, +7; possibly favorable] 


'Size range>10 0 - - (+2)	 Mg..	 0. 05	 .(-1) 
Grain size >0.1	 (+2)	 Pb ....:	 . 005 - ---(+3) 


mm. 
Y-63	 Vuggy---------(+2)	 "Jigsaw puzzle"	 (-2)	 Zn-. - -	 .07	 ----(+3)	 +11 Probably 


texture, favorable. 
Yellow-orange	 (-1)	 Mo.....	 .002 ----(+3) 


limonite. 
I-._-.-.do---------(+2) 	 Size range >10c.(+2)	 Mg-----02	 (-1) 


-----
Possibly 


Y-64	 Pale red (-1)	 Grain size >0.1	 (+2)	 Pb01	 ----(+3) J favorable. 
(	 ('5R 6/2)b.	 mm. 


f Size range >10o(+2)	 Mg.... 1. 5	 —2)	 2 Probably 


-----
unfavorable. -------------1Supergenecalcite(-1)	 Pb...	 .003 ----(+3) J 


[Sizerange >10'(+2)	 Mg03	 —1)	 .1.5 Possibly 
Y-68	 Vuggy.---------(+2) 	 Grain size >0.1	 (+2)	 Pb	 .007 ----(+3) J favorable. 


I mm. 
[Size range >10c(+2) [Mg...	 .07	 —1) 


Y-69	 .....,..do---------(+2)	 Grain size >0.1	 (+2)	 Pb........	 .005	 (+3)	 +11 
-----


Probahly 
mm.	 (Zn07	 .+3) I favorable. 


SPEROIDIEROM THE MINED AREA IN THE LAKE VALLEY 'DISTRICT 


[Average, +R3t; possibly favorable] 
Green and	 ijasperold 


Y-46IA "Jigsaw puzzle" 	 (-2) 
texture.


Aig... 0.03	 +5fl. 
&fb..	 .003 ----(+3) 5	 + Possibly 


favorable. 
_	 -------------


[Reticulated	 +2 .02	 ......(-1) 
Y-611B I {	 texture. lb...._	 .003	 - (+3) +7 Do. 


.Late calcite-------(-1) .01	 ----(+4) I 
-- -


[Vuggy---------(+) Mg....	 .2	 ......(-2) (	 J4 Probably Un-
Y-SIC Light brown	 (-f]1) Ag-. - - - 	 .0007	 (+3) 5 favorsb1e. 


(	 (5YR6/4).b


. -----------------------
..-------------------------


Red jaspoid	
---,	 ,,-


' w 
Mg_	 0.02	 ..(-1) 


----Fe7.0	 - ---(+2) 
Y-62A Vuggy---------(+2) "Jigsaw puzzle"	 (-2) Pb...	 .03	 +4) +12 Probably 


texture. Ag-. - - -	 .005 ----(+4) favorable. 
Zn-.-. - -	 .05	 - ---(+3) 
Mg....	 .05	 (-1) 


----Fe7.0	 ._(+2) 
Y-62B Zn-. - -	 . 1	 ----(+3) 


-----
+12 Do. -------------------------------------------------


Pb
-----


05	 ----(+4) 
Ag005 ----(+4)


a A, B, or C sutx denotes a variant of a sample. 
b Rock colors are from the National Research Council "Rock-Color Chart" (Goddard and others, 1948). 


Ratio of largest quartz-grain diameter to smallest quartz-grain diameter >10. 


Eight sampies were taken from the jasperoid body and its outlier; 
one sample from the outlier (fig. 5B) yielded a +20 score. Signifi-
cant features and tabulated scores of the samples, as shown in table 3, 
indicate the average of the samples to be "favorable." 
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.4. 


B 


FIouaE 5.—Favrab1e jasp@roid body (mapped in fig. 3U) in Fusselman Dolo-
mite adjacent to Berenda fault. A, Prominent jasperoid outcrops. B, Angu-
lar white jasperoid-breccia fragments in a dark siliceous hematite matrix
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FAVORABLE JASPEROID IN FUSSELMAN DOLOMITE 1,500 FEET 

PROM THE BERENDA FAULT 


An outcrop of jasperoid about 15 feet wide (fig. 3D) is in Fussel-
man Dolomite in the center of sec. 20, about a quarter of a mile north 
of the jasperoid body in Fusselman Dolomite near the Berenda fault. 
This jasperoid has the same appearance as that in jasperoid bodies 
in other areas. A part of the smaller arcuate body in figure 3D is 
shown in figure 6, which also shows the fretted surface-weathering 
characteristic common to the Fusselman Dolomite in other areas. 


Five samples were taken from this body, and they have an average 
score of + 7% (table 3), which classes them as "possibly favorable." 


FAVORABLE JASPEROID FROM THE MINED AREA 


Five samples of "favorable" jasperoid were taken from the mined 
area at points 61 and 62 shown in figure 2. The three green and 
gray samples are relatively less "favorable" than the two red samples, 
as is indicated in table 3. 


J	 '-


- 
-.	 -	 4.	 - 


.v. 


cJt


	


- ' . 


FIGURE 6.—Favorable jasperoid body in Fusselman Dolomite 1,500 feet from 
Berenda au1t; note contact between jasperoid and dolomite in foreground. 
Synclinal body of Lake Valley Limestone containing mapped body of chert 
is in middle distance.
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.


PHYSICAL-CHEMICAL RELATIONS IN TRAVERSES 
ACROSS JASPEROID-FUSSELMAN DOLOMITE CONTACT 


Samples were collected from two jasperoid bodies along two tra-
verses that extended froni jasperoid into apparently fresh dolomite 
(fig. 3D). These samples were analyzed to evaluate the physical, 
chemical, and mineralogical changes that accompany replacement of 
dolomite by jasperoid. 


The contact between the larger body of jasperoid and the fresh 
dolomite (fig. 3D, traverse 1) is very irregular- and exhibits a tran-
sitional contact zone, whereas the contact between the smaller arcuate 
body of jasperoid and the dolomite (fig. 3D, traverse 2) is abrupt. 


Both bodies show increases in calcium and magnesium in the jas-
peroid as the dolomite contact is approached and a corresponding 
increase in silica in the dolomite as the jasperoid is approached. The 
jasperoid in both traverses also contains more iron, aluminum, tita-
nium, and barium than does the dolomite (table 4). 


The contact zone crossed in traverse 1 has little iron, vanadium, 
chromium, and lead; whereas in traverse 2, across the arcuate body, 
the jasperoid near the contact zone contains considerable iron, va-
nadium, and manganese. This fact is probably a reflection, however, 
of the hematite-rich jasperoid near the contact. Considerable diffu-
sion of certain elements appears to have occurred across the contact. 


Megascopic and microscopic descriptions of the samples collected 
along the two traverses are given in table 4. 


The older, original jasperoid in traverse 1 preserves in large meas-
ure the color and texture of the dolomite it replaces. Changes in 
texture of the dolomite outward from the contact suggest that breccia-
tion and partial recrystallization occurred prior to silicification. The 
fact that the abundance of disseminated epigenetic quartz grains in 
the dolomite gradually diminishes away from the contact also sug-
gests that the older jasperoid was formed by expansion and coalescence 
of isolated centers of quartz precipitation rather than by a wave of. 
silicifloation that advanced from the feeding channels. Veinlets of 
younger, coarse grained clean quartz, which cut both the older jas-
peroid and the host rock, probably represent direct precipitation in 
these channels by late-stage silica-bearing solutions that were more 
nearly in chemical equilibrium wfth the host rock and, thus, were un-
able to replace it. 	 - 


Chemically, the contact zone seems to contain less iron, vanadium, 
chromium, and lead than do either the jasperoid or the dolomite. 
Strontium increases in abundance from the jasperoid to the dolomite. 
Copper content decreases slightly from the jasperoid to the dolomite,
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TABLE 4.-C'haracteristtcs of samples taken in two traverse& across jasperoil-






Euselman Dolomite contacts (fi g . 3.Di); 
[Elements; In percent; M, >10 percent. Analyst: J. C. Bramilton] 


Traverse 1 Traverse 2 


Y-64 Y-65 Y-65A Y-66 Y-67 Y-68 Y-69 Y-70 Y-71	 - 
Jasper- Jasper- Slicified Dolo- Dolo- Jasper- Jasper-- Dolo- Dolo-


Sample--------------


old old dolomite mite mite oid old mite mite 
Rock type.----------


Distance from 
contact (ft)---------- 12 1 0 1 25 -	 .	 5 <1 <1 15


Determinations by spectrographic analyses 


SI----------------------M	 M	 7.0	 1.5	 0.3	 M	 M	 0.7	 0.07 
Al------------------0. 15	 0. 07	 . 07	 . 015	 . 03	 0. 15	 0. 15	 . 015.	 . 015 
Fe-------------------1.5	 .15	 .2	 .3	 .5	 .3	 1.5	 .15	 2 
Mg------------------02 	 1.5	 M	 M	 M	 .03	 .07	 7	 M 
Ca-------------------.15	 5	 M	 M	 M	 .1	 .15	 M	 M 


Na------------------0	 0	 0	 0	 0	 0	 0	 .05	 .05 
Ti-------------------005	 .001	 .002	 <.001	 .0015	 .015	 .007	 <.001	 <.001 
Mn------------------.03	 .03	 .02	 .15	 .02	 .005	 .03	 .01	 .05 
B------------------0	 0	 0	 0	 0	 0	 0	 0	 0 
Ba-------------------01	 .002	 .001	 .0005	 .0005	 .007	 .005	 .0003	 .0003 


Ce------------------0	 0	 0	 <.05	 <.05	 0	 0	 <.05	 <.05 
Cr-------------------0007 	 .0003	 .0005	 .0007	 .0007	 0	 .0003	 .0003	 .0003 
Cu------------------.002	 .0015	 . 0015.	 .0007	 .0007	 .001	 .0007	 .0007	 .0005 
Mo------------------0	 0	 0	 0	 0	 0	 0	 0	 0 
Ni------------------0	 0	 0	 0	 0	 0	 0007	 0	 0 


Pb-------------------.01	 .003	 003	 .003	 .01	 .007	 .005	 .0015	 .002 
Sr-----------------0	 .002	 .003	 .003	 .005	 .003	 .001	 .003	 .002 
V-------------------.005 	 .001	 .0015	 .002	 .003	 .001	 .002	 .001	 .001 
Zn------------------0 	 0	 0	 0	 0	 0	 .07	 0	 0 
Zr----------------0	 0	 0	 0	 0	 0	 0	 0	 0 


Determinations by megascopic and microscopic examination 


Y-64. Jasperoid, massive, mottled light-gray and red (SR 8/2 and 5R 6/2), vuggy. Two generations. 
Older is heterogeneous and xenomorphlc and has a range in grain size of 0.005toO.2 mm; it contains 
sparse carbonate dust, abundant red-hematite dust, and, locally, abundant microvugs. It has 
been brecciated and cemented by a younger coarser relatively homogeneous quartz, which has an 
average grain size of 0.15mm and forms prominent zonal overgrowths outlining pyramidal forms. 


Y-05. Jasperoid, pinkish-gray (5YR 8/1); contains some carbonate; a few vugs. Equal amounts of 
jasperoid and dolomite. The dolomite is fine grained and contains local coarse grains and aggre-
gates of coarse grains, all of which are very irregularly replaced by heterogeneous xeno-
morphic jasperold. Veinlets of clean xenomorphic quartz, younger than the jasperoid, are 
cut by still younger veinlets of calcite. 


Y-65A. Siicified dolomite; grayish orange pink (5YR 7/2) on weathered surface. Heterogeneous coarse-
and fine-grained dolomite, partly replaced by coarse- and fine-grained xenomorphlc quartz. 
The rock is brecciated and tilled with younger clean coarse homogeneous xenomorphic quartz 
that contains numerous vugs. 


Y-66. Dolomite, light-brownish-gray (SYR 6/1), bioclastic, fine- to medium-grained. Heterogeneous 
coarse- and fine-grained dolomite cut by thin irregular and discontinuous veinlets of hetero-
geneous xenomorphlc quartz (avg grain size, 0.15 mm), which show incipient replacement along 
the walls. The dolomite between the veinlets also contains sparse disseminated interstitial 
quartz grams. 


Y-67. Dolomite, grayish-orange-pink (5YR 7/2), very fine grained. Fine-grained homogeneous dolo-
mite-i-locally contains coarse grains of dolomite and aggregates of ooarse-grained dolomite and 
very sparse tiny interstitial grains of quartz. 


Y-68. Jasperoid, mottled light-gray to very light gray (N 7-N 8), vuggy; light gray to pinkish gray 
(5YR 8/1) on weathered surface. Heterogeneous, medium grained, xenomorphic; contains 
carbonate dust Inclusions, breccia fragments of older coarse xenomorphic quartz, and euhedra 1 
zonal overgrowths. It is cut by red hematite in irregular veinlets and is in irregutar concentra-
tions locally. 


Y-69. Jasperoid, mottled medium-light-gray to blackish-red (N 6-SR 2/2), vuggy; light olive gray to 
blackish red (5Y 5/2-SR 2/2) on weathered surface. Similar to Y-68, but brecciation is more 
intense and rock contains more of the younger hematite; much is in large irregular opaque masses. 


Y-70. Dolomite, pinkish-gray (SYR 8/1), fine- to medium-grained: grayish orange pink (5 YR 7/2) on 
weathered surface. Fine- t> medium-grained homogeneous dolomite containing vary sparse 
tiny interstitial quartz grains which have been introduced and are not detrital. 


Y-71. Dolomite. Saipe as Y-70.
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•
as does titanium, except that titanium increases slightly at the con-
tact. Manganese content remains virtually the same throughout the 
traverse, except where it unexplainedly increases in the dolomite within 
a foot of the contact. Chemical changes are shown by spectrographic 
analyses of the suite. (See table 4.) 


Traverse 2 shows a. much more abrupt transition across the contact 
'into fresh walirock than does traverse 1. The host dolomite adjacent 
to the contact lacks the brecciation and local recrystallization which 
characterizes that in traverse 1, nor does it contain abundant dis-


.


seminated quartz. The jasperoid body sampled along traverse 2 is 
a small outlier of the one sampled along traverse 1, and it also differs 
from the larger mass by being long and narrow (figs. 3D; 6). A 
possible explanation for the observed differences in the contact zones 
may be that the silica-bearing solutions that formed the jasperoid in 
the small outlier welled up along an open fissure which contained a 
rubble of breccia fragments. The walirock on either side of this 
fissure was not highly fractured and was relatively impermeable; 
hence, the alteration was largely concentrated in the rubble between 
the walls of the fissure. 


The larger irregular body, sampled in traverse 1, may represent a 
zone, originally shattered by many small fractures, through which 
solutions seeped more slowly. 


An estimate of the overall chemical changes brought about by the 
replacement of dolomite by jasperoid can be made by comparing the 
analyses of the two jasperoid samples taken farthest from the contact 
with the analyses of the two fresh dolomite samples taken farthest 
from the contact (table 4). Comparison indicates that, in addition 
to the silica, the jasperoid samples contain significantly larger amounts 
of aluminum, titanium, barium,, and copper than do the dolomite 
samples. Cerium is the only element besides calcium and magnesium 
that is in consistently larger amounts in the dolomite samples. Dur-
ing the silicification process then, probably only the carbonate-form-
ing cations were flushed out, so that many trace-element impurities in 
the dolomite remained in the replacing jasperoid, in substantially their 
original concentrations. 


COMPARISON OF LAKE VALLEYJASPEROID SAMPLES

WITH THOSE FROM NEARBY DISTRICTS 


Ja.speroid samples from six districts other than the Lake Valley 
district were collected, studied, and given scores. (See fig. 1.) Sig-
nificant features and tabulated scores of these jasperoids are given 
in table 5.







TABLE 5.—Significant featnres and tabulated scores of jasperoid samples from mining districts near Lake Valley 


[Numbers In parentheses (+2) indicate scores. Spectrographic analyses by J. C. Hamilton]


District Sample a
Criteria


_______________________ Total Classjfication _______________________________ 


Megascopic examination


_______________________________ 


Microscopic examination Spectrographic analyses 


Organ (Dona Ana Y-46A Vuggy-----------------------(+2) Size range >10 b (+2) 0:
}	 +6 Possibly favorable. 


County).
Y-39 {Vu	 (i2 "Jigsaw puzzle" texture-------2) Mg------. 3-------(-2) —2 Unfavorable. 


(Reticulated texture----------(+2) 
------------Kingston (Sierra County) Y-21 Size range >10 b (+2) Mg---------------(-2) 0 Do. 


Cooks Peak (Luna Y-18A


ggy-----------------------------


Medium brown 5YR 314\o	 '	 1' 
tVu	 -	 -'-2' Reticulated texture----------(+2)


fMg------. 15------(-2) 
Pb-------------(+3)


1
+9 Possibly favorable. 


County). (Zn------.05------(+3) 1 


- 8 B fMedium brown (5YR 3/4) o	 (+1 ) 
jVuggy-----------------------(+2)


1	 d JMg------. 15------(-2) 
lPb-------. 005-----(+3)


1 
1	 +6 Do. 


-' {::::::::::i }Montmorillomte-------------(-1) Mg------.15------('-2) 0 Unfavorable. 


Hillsboro (Sierra County) Y-22A Vuggy-----------------------(+2) :	 :::: }	 +5 Possibly favorable. 
Mg---------------(-1) 


Y-22B JModerate red (5R 5/4) c (-2) 
iVuggy-----------------------(+2)


Cu---------------(+3) 
Pb007-----------.	 (+3) 0. 


Jose (Luna County)--------


------------


J
Zn--------------(+3) 
Fe------3.0-------(+2) 


Y-22C Vuggy-----------------------(+2)


1-------------------------------------


Yellow limonite--------------(-1) ""	
•O03::__+3 +8 Do. 


Zn------.1-------(+3) 
Hadley (Luna County) Y-6 ------------------


--------------------------------------


do-----------------------------{::::	
:	 -=; }	 +1' Probably unfavorable. 


Y-6A {	 i4 Pb------.002-----(+3) +5 Possibly favorable. 


do	 ' Fe------3.0-------(+2) 
Y-7B Light brown (5YR 6/4)	 (+1)


}-----do------------------------------


j g	 puzzle	 texture +4 Probably unfavorable 
(	 ) Pb-------. 0015(+3)


a 
0 


__	 . 







I. 
Y-8B	 Vuggy	 - (+2) "Jigsaw puzzle" texte	 (-2)	 0 Unfavorable. 


{! :::::	 }-----do-------------------------------------:::::T } +4 Probably unfavorable. 


Y-l0	 Vuggy-----------------------(+2)-------do--------------------------------------------------0 Unfavorable. 
Fe--------2.0--------(+2) 


Y-16A --------------------------------------------do-------------------------------::::::	 oo3::J+3	 +8 Possibly favorable. 
Cu--------------(+3) 
Pb-------. 002-----(+3) 


A, B, or C suffix denotes a variant of a sample. 
b Ratio of largest quartz-grain diameter to smallest quartz-grain diameter >10. 


Rock colors are from the National Research Council "Rock-Color Chart" (Goddard and others, 1948). 


SAMPLE LOCALITY 
Y-46A. 1,600 ft east of U.S. Highwy 70, sec. 2, T. 22 S., R. 3 E. 
Y-39.	 Center NE3( sec. 11, T. 20 5., R. 9 W. 
Y-21. Between North and South Percha Creeks, 1 mile east of Kingston. 
Y-18A. Near east end of Othello fault, SWNE3 sec. 24, T. 20 S., R. 9 W, 
Y-18B. Same as Y-18A. 
Y-l9. 500 ft north of Y-18A and Y-18B. 
Y-22A. Top of fault scarp 1 mile east of Ililisboro. 
Y-22B. Same as Y-22A.


Y-22C. Same as Y-22A and Y-22B. 
Y-6.	 Near center sec. 32, T. 20 S., R. 8 W. 
Y-6A. Same as Y-6. 
Y-7B. Same as Y-6 and Y-SA. 
Y-8B. Center south boundary sec. 32, T. 20S., R. 8 W. 
Y-9. Near SW. cor. sec. 32, T. 20 S., R. 8 W. 
Y-10. Same as Y-9. 
Y-16A. 1,000 ft north of center sec. 32, T. 20 5., R. 8 W.
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Most samples were taken from jasperoid bodies that are not close 
to any known ore bodies. Only samples Y-18A and Y-18B, from 
the Cooks Peak district, represent jasperoid that is apparently re-
lated both spatially and genetically to sulfide ore. Both of these 
favorable samples from the Fusselman Dolomite are vuggy and con-
tain anomalously high concentrations of lead—characteristics also of 
most jasperoid samples taken from the Fusselman Dolomite in the 
Lake Valley area, particularly those from the jasperoid body. close 
to the Berenda fault. 


The three samples taken from the large jasperoid body in Fussel-
man Dolomite along a strong north-trending fault a mile east of 
Hillsboro show anomalously high concentrations of lead and zinc. 
No ore deposits are known to be associated with this body, however. 


The seven samples from the Hadley district were taken at intervals 
along a strong north-trending silicifled zone in Tertiary volcanic rock. 
No mineral deposits have been discovered in this, zone, although, 
locally, its small faults and fracture zones are enriched by manganese 
oxide. 


The single random grab samples from each of the three remaining 
districts (Organ, Jose, and Kingston) were collected merely to check 
the possibility of some regional similarity in jasperoid bodies in south-
western New Mexico. No such similarity was apparent; accordingly, 
no particular significance can be ascribed to these single samples. 


INTERPRETATION 


Replacement of carbonate rocks by jaseroid in the Lake Valley 
district was controlled structurally by faults and fracture zones and 
stratigraphically by the contact of the Fusselman Dolomite with the 
overlying Percha Shale. Exposed jasperoid bodies in all the forma-
tions except the Fusseiman Dolomite are concentrated near the Be-
renda fault, whereas large masses of jasperoid are present in the 
upper part of the Fusselman 'Dolomite more than a mile from this 
fault. 


Carbonate host rocks were locally brecciated, shattered, and par-
tially recrystallized before they were silicifled. Several minor ele-
ments were brought in by silicifying solutions, and many others that 
were originally present in the carbonate rocks remained in the jas-
peroid. Only the carbonate-forming cations—ca.lcium;, magnesium, 
and cerium—were largely removed during silicification. 


The widespread distribution of jasperoid bodies in the Fusselman 
Dolomite exposed in the fault block at Lake Valley can possibly be 
attributed to the fact that a 200-foot-thick section of Percha Shale 
originally overlay the Fusselman and formed a relatively inpermeable
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•


barrier to the upward migration of silica-bearing solutions, forcing 
them to spread out and deposit their load in the Fusselma.n. This 
hypothesis is supported by the conclusions of Harley (1934, p. 177) 
and of Jicha (1954, p. 70) that the early mineralizing solutions in 
the Lake Valley district were rich in silica and comparatively poor 
in calcium carbonate, but that a reverse relationship existed in the 
later mineralizing solutions that carried the lead and silver, which 
formed the primary ore. Replacement of carbonate rock in the Fus-
selman iDolomite by jasperoid would contribute calcium carbonate 


.


to the upward-moving solutions and would thus provide a logical 
source for calcium carbonate in the late ore solutions that penetrated 
the Lake Valley Limestone in the main mining district. The pres-
ence of favorable jasperoid in the Fusselman Dolomite at some dis-
tance from the center of the mined area in the Lake Valley district 
suggests the possibility that primary sulfide-ore bodies of argenti-
ferous lead and zinc formed in association with jasperoid in the Fus-
selman Dolomite beneath the Percha Shale near the Berenda fault. 
This zone is the host rock for sulfide-replacement ore bodies in the 
Cooks Peak district a few miles southwest of Lake Valley and in the 
Kingston district a few miles northwest of it. The two jasperoid 
bodies at a distance from the mined area in the district which yielded 
the most favorable jasperoid samples are both in the upper part of 
the Fusselman Dolomite. 


Two locations seem most favorable for exploration in the Fussel-
man. One is at the Fusselman-Percha contact beneath the alluvium 


S


adjacent to the Berenda fault about midway between the jasperoid 
body (fig. 3(J) and the road intersection about 1,500 feet southeast 
of the body (fig. 2). The other is in the same stratigraphic zone 
beneath the Grande group workings, close to the fault in the main 
district. 


The first location has apparent potential as a possible area for 
prospecting because of three considerations: 
1. It is close to the jasperoid body that yielded the samples with the 


highest scores. 
2. Water moving through the alluvium along and near the buried 


Fusselman-Percha contact may have caused supergene enrich-
ment of any ore bodies that existed in this area. 


3. The contact is close to the surface at this point; hence, exploration 
would be relatively inexpensive. 


The second location has apparent potential because of the known 
presence of ore bodies, in part contemporaneous with late calcite, in 
the overlying Lake Valley Limestone. Late calcite was probably 
brought upward in solution by hydrothermal fluids moving along the 
Berenda fault, andits most logical source is the Fusseiman Dolomite.
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If the Fusselman had been dissolved, it seems quite possible that the 
sulfides and silica were precipitated simultaneously. 


CONCLUSIONS 


Jasperoid bodies having favorable characteristics that suggest prox-
iniity to ore deposits are present in the Lake Valley district not only 
in the Lake Valley Limestone in the mined area but also in the Fus-
selman Dolomite near the Berenda fault in a hitherto unexplored area. 
This fact, together with-the known presence of sulfide ore in the Fus-
selman Dolomite in nearby districts and the conclusion of Harley 
(1934, p. 177) that, ore-stage solutions in the mined area were high 
in calcium carbonate, suggests the possible existence of sulfide-ore 
bodies in the Fusselman Dolomite beneath the Percha Shale and close 
to the Berenda fault. 


Detailed examination and chemical analysis of samples taken along 
two traverses across the contact between jasperoid and dolomite show 
incipient silicification of the dolomite for several feet beyond the 
apparent contact. The elements aluminum, titanium, barium, and 
copper were probably introduced with silica during the replacement 
of dolomite by jasperdid; the carbonate-forming cations calcium, mag-
nesium and cerium were probably the only ones expelled. Iron, 
manganese, chromium, lead, strontium, and vanadium, present as 
impurities in the dolomite, seem to have remained in thejasperoid in 
substantially their original concentrations. 
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RESUME 


•	 NAME: Phillip A. Davis 


ADDRESS: 1812 Propps, N. E., 
Albuquerque, New Mexico 


TELEPHONE:	 (505) 29914235 


Marital Status: Single 


Age:,


WORK EXPERIENCE 


Year 


1960 - 1961 Employer: RECO, Nevada Test Site 


• ,
Position: Foreman over underground shaft 


development 


•	 :	 1961 1963 Employer: Guy F.	 Atklson, West Pakistan 	 •	 • , 


Position: • Supervisor for Drilling and •
Mole Drill 


l96	 - 1965 Employer: RECO, Nevada Test Site 
•	 ,


Position: Shift Foreman, Shaft and Cavity 	 ' •	 ,
• development 


1965 - 1967 Employer: Fenix and Scisson Corporation 
•	 , • Nevada Test Site. 


Position: Mining Inspector, Nevada Test Site, 
•	 • • Inspector over Tunnels and under-


ground facilities 


1968 - 1970 Employer: Salmon River Vermiculite Corporation 
•	 • Riggins, Idaho •	


' Position: Job Superintendent,Underground alamond 
•	 •	 •	 • drilling, Mine Development and shaft 


• • • work. 


•	 •	 1971	 - Present Employer: Hydro Nuclear Corporation, Albuquerque, 
•	 • • New Mexico	 • 


• Position: Superintendent In Charge of Mining' 


•	 •	 Approximately 15 years prior experience in mining not listed







S	 RESUME 


NAME: 


ADDRESS: 


Phone: 


Marital 
• Status: 


Age: 


Education: 


Military 
Service:


Charles R. Murray 


1812 Propps, N. E., 
Albuquerque, New Mexico 87112 


(505) 29911235 


Married 


Born 5/13/30 in Colorado City, Texas 


New Mexico School of Mines 1955-56 


United States Marine Corp 19147_51 Honorable Discharge 


.
	


WORK EXPERIENCE 


Year .	 . 


1952. - 1953 Employer: Evans-Jones Coal Company 
• Palmer, Alaska 


Position: Miner 


1953 - 1955 Employer: Anaconda Corporation 
Butte, Montana 


Position: Shaft and Drift Miner 


1957 -. 1958 Employer: Climax Molybdenum Corporation 
Climax, Colorado 


Position: Raise Miner 


1959 - 1961 Employer: .L & M Mining Company 
Salida, Colorado 


Position: Superintendent for Underground Mining 
and Development 


1961 - 1963 Employer: Ker-Mac Nuclear Fuels 
Grants, New Mexico	 . • . Position: Miner	 . 


196 14 - 1967 Employer Westamerica Mining & Milling Corporation 
Silver City, New Mexico 


•	 • Position: Superintendent in Charge of Production 
and Milling	 •







S..,.


C. R. Murray	 Resume - continued 


Year	 ' 


•	 1968	 1969 Employer: Rio de Oro Corporation 
Albuquerque, New Mexico 


• S •	 • Position: Secretary and Treasurer; General Manager 
in Charge of Exploration 


1970 - 1971 Employer: Hydro 'Nuclear Corporation 
Albuquerque, New Mexico 


Position: General Manager In Charge of Production 
and Milling 


S 	


5, '
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