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SUMMARY 

The Tombstone Mining District, then in Arizona Territory, was 
discovered by Ed Schiefflin, son of California 4ger's, in 1877. 
Tombstone, though isolated and subject to maurading Indians and 
outlaws in its early days, was affected by world events through 
their effect on silver prices. With Schiefflin's discovery of 
rich silver mineralization at Tombstone, silver prices began a 
decline from which they would not see the same price of silver 
as in the year of discovery, for 86 years. During the 34 year 
period from 1877 to 1915, when most of the ore was produced at 
Tombstone, declining silver prices, financial panics and the 
removal of the U. S. currency from the silver standard had 
immeasurably more affect on the mines than the Earp-Clanton 
feud, Apaches and bandits and underground waters. In 1911, 
prices of approximately $0.55 per ounce (less than half of that 
in effect when Schiefflin discovered Tombstone) brought the 
demise of efforts to unwater the mines, and the bankruptcy of 
the Development Corporation of America and its Tombstone Consol
idated Mines subsidiary. The Phelps Dodge Corporation operated 
the mines in a desultory fashion from 1914 through 1933, when 
the Tombstone Development Corporation, under Ed Holderness, was 
formed. The higher gold price instituted by Roosevelt in 1932, 
stimulated some development for a few years, as did World War 
II. However, production never came close to the halcyon years 
between 1877 and 1910. The Tombstone Development Company proper
ties have been operated and explored only sporadically from the 
end of World War II to the present time. 

Tombstone has primarily been a silver camp, though Significant 
gold and lead, and subordinate copper, zinc and manganese has 
also been produced. Production has come mainly from mineralized 
vein fractures, cutting folded lower Cretaceous sediments of the 
Bisbee group within the Tombstone Basin. Ninety-five percent or 
more of the production is from a - 600 feet below the surface, 
and is primarily from oxide are minerals. 

The average grade for all of the recorded production within the 
District is 0.21 ounces gold, 25.89 ounces silver, 2.6% lead, 
0.10% copper and small amounts of zinc and manganese. Approxi
mately 1.25 mi llion tons of ore was produced, though this is an 
estimate, since in the early most productive years, no accurate 
record of tonnage was maintained. 

The Butler-Wilson volume, published by the Arizona Bureau of 
Mines in 1938, is the major professional treetise on the Dist
rict. The 1956 U.S.G.S Professional Paper 281, "General geology 
of central Cochise County" by James Gilluly, included the Tomb
stone area. More recent important contributions include a 
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SUMMARY Cont ••••• 

Stanford DoctoraL thesis by Roger A. NeweLL in 1973, 
reg ion a L map by H a r a L d D r ewe s, 0 f the U. S • G • S ., i n 1 9B 0 • 

and a 

James Gilluly believed the mineralization at Tombstone to be of 
Mid-Tertiary age. More recent atomic age dates, show the 
intrusive rocks within the Tombstone area to range from 74 
mi LLion to 63 mi Llion years in age, thus fixing the age of the 
District as Laramide. 

In the early 70's, the large area of Uncle Sam porphyry, previ
ously thought by GilLuley and others to be a siLL-like mass, was 
recognized to be a weLded tuff (ignimbrite). Recent work in this 
paper, by the author, has shown Tombstone to be a Large Laramide 
caLdera complex, indicated by the volcanic and intrusive rock 
assemblage, surface geology and regional aeromagnetic and gravi
ty data. Mesothermal porphyry copper type alteration systems 
appear to be responsible for aLL metaLization within the caldera 
compLex, incLuding the precious metaL mineraLization at Tomb
stone. Tombstone occupys the outer northeast rim of the caLdera. 
Geologic and aeromagnetic projections along the caldera margin, 
suggest potential for additional mineral zones, such as Tomb
stone, around the periphery of the caldera. Some 45 square mi les 
of pervasive, though variably altered rocks, are exposed in the 
eastern margin of the caLdera. The western margin of the caldera 
falls primariLy under cover, and is aLso inaccessibLe because of 
a mi Litary reservation. However, alteration appears to be pre
sent along the west margin of the caldera. 

TotaL past production at Tombstone, in terms of $400 gold, $10 
silver, $.50 lead, $1.00 copper and $.40 zinc, is approximately 
$463 mi LLion doLLars. GeoLogic evaLuation of ore bearing struc
tures within the Tombstone Basin suggest that mineraLization 
simi lar to that previously produced could aggregate approximate
ly $3 billion, within the oxide zone, within 1,000 feet of the 
present surface. An open pitable ore body, in the range of 54 
million tons of $25 per ton combined goLd and silver, aggrega
ting approximateLy $1 billion for the metaL in pLace, is thought 
to be present aLong the TranquiLity-Contention Zone, south of 
the town of Tombstone. An open pit mine is currently producing 
this grade of material on a lease from the Tombstone Development 
Company, at a rate of approximately 3,000 tons per day. 

A geochemicaL anomaLy with a signature simiLar to that of 
Tombstone exists aLong the caLdera margin, but is completeLy 
hidden by alluvial cover. A similar precious metal occurence to 
that of Tombstone could be present below this geochemical 
anomaly. 
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SUMMARY Cont ••••• 

Mesothermal replacement deposits, primari ly of zinc and lead in 
the upper Paleozoic section, and copper in the lower Paleozoic 
section below Tombstone, are thought to exist. Though the 
lead-silver-zinc manto deposits probably begin within 1,000 feet 
of the present surface, copper replacements probably occur in 
the Cambrian Abrigo Formation and Devonian Martin Formation, as 
is characteristic in other Paleozoic hosted porphyry copper 
deposits in Arizona and southwestern New Mexico. In spite of 
the difference in age [180 m.y. vs. 65 to 75 m.y.), the replace
ment deposits in the Abrigo and Martin at Bisbee may be similar 
to those beneath Tombstone. 

Multiple porphyry copper centers may occur, associated with 
Laramide granodioritic to quartz monzonitic plutons, within the 
caldera complex. One such center occurs at the Robbers Roost -
Charleston Lead Mine area, where intense phyllic alteration and 
breccia pipe activity are exposed by erosion. Here too, the 
hydrothermal system is superimposed on the Paleozoic sedimentary 
sequence, hidden beneath the Uncle Sam quartz latite tuffs, 
Silver Bell type andesites and rhyolites. Zinc, lead and copper 
replacement bodies are to be expected in this area, rather than 
igneous hosted copper porphyrys. 

The Tombstone Development Company controls essentially all of 
the significant past producing mines within the Tombstone Basin 
by ownership of some 91 patented mining clai.s. It has also 
consolidated other targets over the compLex. These are being 
held by some 548 lode mining claims and 41 square miles of state 
leases. 
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SUMMARY OF TOTAL RECOROED PRDOUCTION AT Tor~BSTDNE 
1 B79 TO 1 ffi7 
CALCULATED TO CURRENT VALUES - $400 GOLD, $1 0 SILVER, $1 .00 COPPER, $ .50 LEAD, $.40 ZINC 

=--============~========~===============~=============================================================~~===============~=:;=================== 

TOTAL 
VALUE OF CALCULATEO CALCULATEO CALCULATED 

PROOUCTION CUNCES OF CUNCES OF POUNDS OF 
IN YEAR GOLD VALUE AT SI LVER VALUE AT LEAD VALUE AT 

SOU RCE & YEAR PRODUCED PRODUCED $400/0Z. PRODUCED $1010Z. PROOUCED $.501Ul. 

-------
J . B. TENNEY 

1979 TO 1007 2B400,000 192356 76942400 24339159 2433815!Il 31805070 15002535 

MINERAL RESOURCES OF 
THE UNITED STATES 

1008 TO 1 ffi4 8138571 57971 23188400 665$92 665$920 23767829 11883915 

TOM8STONE OEVELOPMENT 
TOMBSTONE MINING CO'S. 

1 ffi5 TO 1936 · 564437 6375 2550000 300305 3003050 3197305 1598653 

TOM8STONE EXTENSION 

1930 TO 1937 374972 1083 433056 1090491 10804007 6335734 3167867 

TOTAL 37477980 257785 103113856 32468647 324686467 65105938 32552969 

AVERAGE/TON** 0.21 62.22 25.89 258.00 51.91 25.$ 

------========~~====---

. NO RECORDED PRODUCTION 

·.TDTAL TONNAGE ASSUMED TO 9E - 1254097 

Prepared by.James A. Briscoe 

CALCULATEO 
POUNDS OF 

COPPER VALUE AT 
PROOUCED $1.0Q/LB. 

NRp· NAP 

2359495 2358495 

157536 157536 

NRP NRP 

2516031 2516031 

2.01 2.01 

CALCULATEO TOTAL 
POUNDS OF CURRENT 

ZINC VALUE AT VALUE OF 
PROOUCED $.4O/ Ul. PRODUCTION 

NRP NRP 336226525 

1058234 423294 104451023 

NAP NAP 8209239 

NRP NRP 14405929 

1058234 423294 463292616 

0.84 0.34 369.42 

James A. Briscoe & Associates, Inc. 
Tucson, Arizona 

© Copyright. 1982 by James A. Briscoe & Associates. Inc 
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PRODUCTION OF THE TOMBSTONE MINING DISTRICT 
1B79 TO 1907* 
CALCULATED TO CURRENT VALUES - 5400 GOLD , $10 SILVER & $.50 LEAO 

===================================================================================================================== 

YEAR 

1 B7 9-1 BBO 
1 BB1 
18B2 
1 B83 
1884 
1 B85 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1 B93 
1 B94 
1895 
1896 
1897-1901 
1802-1906 
1907 

TOTAL 
VALUE OF 

PRODUCTION 
IN YEAR 

PROOUCEO 

231B567 
5040633 
5202876 
2B81900 
13 B0788 
1320976 
1050000 

600000 
600000 
250000 
600000 
674650 
490000 
450000 
300000 
300000 
300000 

1539610 
2550000 

550000 

CALCULATED·· 
OUNCES OF 
GOLD 1!14% 

OF TOTAL 
PRODUCED 

15704 
34141 
35240 
19519 

9352 
8947 
7112 
4064 
4064 
1693 
4064 
4569 
3319 
3048 
2032 
2032 
2032 

10428 
17271 

3725 

CALCULATED · · 
OUNCES OF 

SI LVER OB1% 
VALUE AT OF TOTAL 
5400/ 0Z. PROOUCED 

62B1555 163307B 
13656287 3613197 
14095842 36967BO 

7807760 2122126 
3740887 1016762 
3578842 999991 
2844702 859091 
1625544 49591 B 
1625544 517021 

677310 215426 
1625544 462857 
1827789 5519B6 
1327528 456207 
1219158 467308 

812772 244890 
812772 373846 
812772 357353 

4171174 2078474 
6908563 3500847 
1490082 675000 

CALCULATED·· 
POUNDS OF 

LEAD··. 415% 
VALUE AT OF TOTAL 

S10/0Z. PRODUCED 

16330776 231B567 
36131971 5250659 
36967803 5309057 
21221264 3351047 
10167621 1B65930 

9999912 1651220 
8590909 1141304 
4959184 666667 
5170213 681818 
2154255 320513 
4628571 666667 
5519864 784477 
4562069 597561 
4673077 608108 
2448900 454545 
3738462 468750 
3573529 500000 

20784735 1877573 
35008475 2771738 

6750000 518868 

VALUE AT 
$.50/LB. 

1158284 
2625330 
2654529 
1675523 

932965 
825610 
570652 
333333 
340909 
1602'56 
333333 
392238 
298780 
304054 
227273 
234375 
250000 
938787 

1385870 
259434 

TOTAL 
CURRENT 

VALUE OF 
PRODUCTION 

23771615 
52413588 
5371 B174 
30704547 
14841472 
14404363 
12006264 

6918061 
7136666 
2991822 
6587449 
7739891 
6188377 
6196289 
3488945 
4785609 
4636302 

25894685 
43302907 
8499516 

------------ ------------------------------------------------------------------------------------------ - --------------

TOTAL 28400000 192356 76942429 24338159 

AVERAGE/TON" •• 0.32 126.48 40.01 

243381589 

400.07 

31B05070 

52.28 

15902535 336226552 

26.14 552.69 
===================================================================================================================== 
·"UNPUBLISHEO FIGURES & ESTIMATES COMPILED BY J.B. TENNEY FROM OLD COMPANY REPORTS", ARIZONA BUREAU OF MINES, 

GEOLOGICAL SERIES, NO. 10, BULLETIN NO. 143 (BUTLER & WILSON) 

•• AS REPORTED BY BUTLER & WILSON, "THE PRODUCTION OF THE TOMBSTONE DISTRICT BY VALUE WAS ABOUT B1% SILVER, 14% GOLD 
AND 5% LEAD, WITH MINOR COPPER AND MANGANESE". THE METAL PROOUCTION IN THIS TABLE WAS CALCULATED BY MULTIPLYING 
THOSE PERCENTAGES BY TOTAL OOLLAR PROOUCTION, ANO THEN DIVIOING THE RESULTING FIGURE BY THE METAL PRICE FOR THAT 
YEAR TO YIELO A CALCULATED PRODUCTION IN TROY OUNCES, OR POUNOS • 

•• ·INCLUDED ARE SOME TRACES OF COPPER, MANGANESE & ZINC PRODUCTION. 

····ASSUME TONNAGE MINED FROM 1879 TO 1907 EQUAL TO THAT FROM 1908 TO 1934 -

Prepared by James A. Briscoe 

608345 TONS 

James A. Briscoe & Associates, Inc. 
Tucson, Arizona 

© Copyright , 1982 by James A . Briscoe & Associates , Inc. 
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PROOUCTION OF THE TOMBSTONE MINING OISTRICT 
100B TO 1934* 
CALCULATEO TO CURRENT VALUES - $400 GOLD, $10 SILVER, $1.00 COPPER, $.50 LEAO & $.40 ZINC 

======;:::::=--= 

GOLO VALUE AT SILVER VALUE AT COPPER VALUE AT 
YEAR TONS [OUNCES) $400/0Z. (OONCES) $10/0Z. (POUNDS) 51.00/LB. 

100B 51266 4106 1642304 357414 3574140 760B 760B 
1009 27123 2280 911832 201700 2017000 27706 27706 
1910 4619 1062 424712 116520 1165200 31163 31163 
1911 8797 2155 862196 224098 2240980 68209 68209 
1912 7405 1363 545272 158377 1583770 27723 27723 
1913 5760 1230 491B24 126392 1263920 10657 10657 
1914 6063 1380 552144 108868 1088680 14217 14217 
1915 0003 1216 486404 100115 1001150 36075 36075 
1916 57200 3950 1580144 343453 3434530 131546 131546 
1917 57474 3373 1349220 444139 4441300 229488 228488 
1918 19507 1389 555760 283412 2834120 41503 41503 
1919 27445 1946 778328 450366 4503660 290182 290182 
1920 28946 1788 715104 456855 4568550 144010 144010 
1921 18594 1057 422632 423688 4236880 132688 132688 
1922 44347 2322 928980 613700 6137000 196740 196740 
1923 32770 3093 1237040 496943 4969430 195485 195485 
1924 15448 2459 883456 247642 2476420 72836 72836 
1925 27760 2677 1070692 241381 241381 0 77340 77340 
1926 47708 2900 1195860 220579 2205700 113476 113476 
1927 31196 2459 883456 159944 1599440 68867 68867 
1928 24172 2297 918644 164161 1641610 135643 135643 
1929 15601 1671 668216 99423 984230 86793 86793 
1930 8734 1875 748800 74937 749370 32903 32903 
1931 15623 2204 881568 101504 1015040 62440 62440 
1932 5067 4B5 194096 48021 480210 24810 24810 
1933 7016 1441 576464 100323 1003230 27975 27875 
1934 3701 3706 14B244B 296737 2967370 70612 70512 

TOTAL 608345 57971 23188596 6659692 66596920 2358496 2358496 

AVERAGE/TON 0.10 38.12 10.95 109.47 3.88 3.88 

·AS RECOROEO IN "THE MINERAL RESOURCES OF THE UNITED STATES" 

AVERAGE VALUE PER TOO AT CURRENT PRICES (SEE ABOVE) - $104,451,219 
--- = S171.70/Too 
608,345 

. Prepared by.James A. Briscoe 

LEAD VALUE AT 
(POUNOS) $ .50/LB. 

1770794 B85397 
1535637 767819 

305876 152938 
982010 491 005 
617820 308910 
334923 167462 
234345 117173 
164136 82068 
983983 491992 

1278754 639377 
457183 228592 
289424 144712 
243946 121973 
678946 339473 
744529 372265 
465914 232957 
465323 232662 

1527019 763510 
1970986 985493 

£110178 450089 
247316 123659 
943817 421909 
936962 468431 
476814 238407 

1166700 583350 
1744270 872135 
2400324 1200162 

23767829 11883915 

39.07 19.53 

ZINC 
(POUNOS) 

173313 
713116 

0 
0 
0 

36503 
39324 
63386 

0 
0 
0 
0 
0 
0 
0 
0 
0 

32592 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1058234 

1.74 

TOTAL 
VALUE AT CURRENT 
$.4O/LB. VALUE 

69325 617B774 
285246 4009603 

0 1774013 
0 3662300 
0 2465675 

14601 1948464 
15730 1787943 
25354 1631051 

0 5638212 
0 6659475 
0 3659975 
0 5716882 
0 5549637 
0 5131673 
0 7634985 
0 6624912 
0 3765374 

13037 4338388 
0 4500619 
0 3101952 
0 2819555 
0 2171148 
0 2000504 
0 2197455 
0 1282466 
0 2479704 
0 6720492 

423294 104451219 

0.70 171.70 

James A. Briscoe & Associates, Inc. 
Tucson, Arizona 

© Copyrlghl , 1982 by James A. Briscoe & Associales , Inc 



PRODUCTION OF THE TOMBSTONE MINING DISTRICT 
1935 TO 1936* 
CALCULATED TO CURRENT VALUES - $400 GOLD, $10 SILVER, $1.00 COPPER, 5.50 LEAD, ·S.40 ZINC 

========================================================================================================================= 

YEAR TONS 

1935 12907 
1936 9305 

---------

TOTAL 22212 

AVERAGE/TON 

GOLD 
(OUNCES) 

3450 
2925 

---------

6375 

0.29 

VALUE AT 
S400/0Z. 

13BOOOO 
1170000 

---------

2550000 

114.80 

SI LVER 
(OUNCES) 

243DB7 
147218 

---------
390305 

17.57 

VALUE AT 
510/0Z. 

243DB7D 
1472180 

---------

3903050 

175.72 

COPPER 
(POUNDS) 

103574 
53962 

-.--------

157536 

7.09 

VALUE AT 
51 .OD/LB. 

103574 
53962 

---------
157536 

7.09 

LEAD 
( POUNDS) 

222B2B8 
969017 

---------

3197305 

143.94 

VALUE AT 
5.5D/LB. 

1114144 
484509 

---------

1598653 

71.97 

TOTAL 
CURRENT 

VALUE 

502B5BB 
3180651 

---------

B2D9239 

369.59 
========================================================================================================================= 

·AS STATED BY THE TOMBSTONE DEVELOPMENT CO. & THE TOMBSTONE MINING CO. 

Prepared by James A. Briscoe 

James A. Briscoe & Associates, Inc. 
Tucson, Arizona 

© Copyrlghl. 1982 by James A. Briscoe & Assoclales. Inc. 
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TOMBSTONE EXTENSION AREA 
PRODUCTION STATISTICS OF THE TOMBSTONE MI NING CO . FOR THE TOMBSTONE EXTENSIQN AREA - 1930 TO 1937 
CALCULATED TO ,CURRENT VALUES - $400 GOLO, $10 SILVER &. $. 50 LEAD 

=========================== ===== ====================== == ========== == === ==================== === ===== ============== ======== 

OPERATOR 

TOMBSTONE MINING CO. 

1930 
1931 
1932 

HAYWARO &. RICHARDS 

1933 

A. S. &. R. 

1933 
1934 

HOLT &. O'AUTREMONT 

1934 

HASSE LG REN &. 
O'AUTREMONT 

1935 

CARPER LEASE 

1935 

TOMBSTONE MINING CD. 

1935 
1936 
1937 

MACIA LEASE 

1936 

GALLAGHER LEASE 

1936 

WET TONS 

2910.78 
311.66 

2482.B8 

795.00 

3041.00 
2018.00 

1195.01 

230B.64 

196.71 

11B.50 
BO.7B 

461.05 

96.4B 

65.37 

DRY TONS 

2759.64 
299.69 

234B.69 

747.31 

2B19.36 
2006.20 

1123.03 

2164.36 

1B3.35 

110.02 
75.93 

412.48 

8B.96 

56.63 

GOLD 
(OUNCES) 

204.60 
44.21 

225.56 

60.27 

224.14 
116.3B 

79.3B 

79.86 

B .14 

2.49 
2.36 

27.55 

3.56 

4.14 

VALUE AT 
5400/0Z. 

B1 B40 .00 
17684.00 
90224. DO 

24108.00 

B9656.00 
46552. DO 

31752.00 

31944.00 

3256.00 

996.00 
944.00 

11020.00 

1424.00 

1656.00 

SILVER 
(OUNCES) 

21996.64 
5BOO.71 

32392.00 

9093.00 

37840.00 
19836.00 

VALUE AT 
$10/0Z. 

LEAD 
(POUNOS) 

219966.40 887952.45 
58007.10 232098.67 

323920.00 1226722.00 

VALUE AT 
$.50/LB. 

TOTAL 
GROSS. 
VALUE ' 

443976.23 745782.63 
116049.34 191740.44 
613361.00 1027505.00 

90930.00 336810.00 168405.00 283443.00 

378400.00 1145565.00 
198360.00 726559.00 

572782.50 1040838.50 
363279.50 608191.50 

15796.27 157962.70 553991.48 276995.74 466710.44 

27055.81 270558.10 842762.11 421381.06 723883.16 

2421 .26 

961.49 
648.74 

4437.05 

983.68 

1228.01 

24212.60 

9614.90 
6487.40 

44370.50 

9836.80 

12280.10 

88951.82 

39143.48 
21970.27 

167849.24 

36054.90 

29203.22 

44475.91 

19571.74 
10985.14 
83974.62 

18027.45 

14601.61 

71944.51 

30182.64 
18416.54 

139365.12 

29288.25 

28537.71 

TOTAL 160B1.B6 15195 . 65 '1082.64 433056.00 18'0490.66 1804906.60 6335733.64 ' 3167866.B2 5405829.42 

AVERAGE/ TON 0.07 28.50 11 .88 11B.78 416.94 208.47 355.75 

AVERAGE VALUE PER TON AT CURRENT PRICES (SEE ABOVE) - $5,405,829.42 
$355.75/TON 

15 , 195 .6 5 
James A. Briscoe & Associates, Inc. 
Tucson, Arizona 
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Prepared by James A. Briscoe © Copyright. 1982 by James A, Briscoe & ASSOCiates . Inc. 
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Geology 
0l.DfJI: OR ur«lF EAENllATEO SIJRFlC4I... 

DfPCIISITS HOLOCENE TO 0l.IG0CDEl: -
Gra tl tWd .. d.l P_ oc ,. and F\oClu
~~d* • IftCYdaIOnW 
aA._..t1 nd l.dI-poi ..... Gtne~i!tIt 
p'* .... ....,., w.I d .awilhpaorl 
nu.t.d d.b ~ w l 'n UfMitd 1lw:knn6 
.....,.,,,... Iohu d «I (I rndIIn 

a...,(petb: nttoPkw;:.nw) ...... ...... 
. ~nxktwd om .nten:a .... ~ 

nw .................... ID ... h.ntred rnI1In 
I moll: pIKa. RadIame nc.i y cIIMd III 0 25, 1.0. 
... 12myold 

Extcr.iw ........ ..t ct.: I ~ n lJpptr 
~,-l..ao4no.....P'JI'(lIda6bc roc:kltor'IW: 
~~ bc:rockiandcikaPobtly 
9I"IiI. fine.g'antd porphyri,c ocks incudes 
IOf'I"II! wry a.ne ' IE cIIper porphyry andaitc 
(Twkeytnlckporpt,yry an."ormaIte.md 
Cooper, .961) Theknr: 5 mostIyaevaai meters 
IOsevera!,anso de. Da .eclat 24.25. 27.33, 
and 39 my 

c.lr\.I5IW rhyolite a.-,d r Io'Oda Ie (Miocene and Upper 
~"-Ul ill :W5, wD:IecI Nf, pyrodasfc 
rocb and $Om rca ill ed epidMtic rocks 
l..i!tII:~to~Ylhpnkvrtnctofn~ 
~.Comm nya ew enstoaw 
thousand d me., thelt. 0. ed at 23, 24, 25, 26. 
26, 26, and 'nmy ArtMdbOmldaleol47my., if 
substantiaTed,rna. dot theprul!~of 
EDc nerocks nth Ico.w memberoitheSO 
Vobri::sd.Coch' . Co 

l..Dwer co glome ate g1l\ IE. ill sard (Oligocene an 
Eocmc?)-AJ VK,.t:" cornmonygByish-red 
deposiIs d 5r1'IolIII, w • • rou dad nonvok.imI; 
clasts Mostly_ de loaiewlensd 
m Ier;,u.:k. 

UPPER CQROIL.1.ERA!\ (lARAMlDE) KiNEOUS 
ROCKS (LOWER PAl£OCENE) - lDwef 
voI .a!1C rock$-Rhyoiir 0 ndeI t! lIIYa 80s, 
pynxlasric rocks, a nd Km ntercala.ted !?pela "
rocks IMtecl at 57 y Possbly yomger iIgII! \Q 

MAIN CORDIllERAN RAMIDEl rGNEOUS 
ROCKS:-~b a d')p Ie w,,1'U5iue roc! I 
Paleocene and Uppe retac ous,-Mo5dy Lt.lic 
~TYlOdaCbcporph ry n5fTlallsiocksand 
~andaplitJc:bodie no a 5OC\aI .. 'CfWltholfwr 
9'rio Slocks Da IE 63,~, 64, alvl 65 
~y 

Fh.lldill!d Inl usve tweeel It ole 9" unkno· .... n. bul 
penelrates. aod hu u ge han Une~ Sam 
porphylY 

R.~O()daCi e lui and welded • n ..sdI:$ pariS ot 
s;'le.o FOfmaI10n. 5 9 f 0 Q ' 11 LAllie. and 
Bronco Volcanics an R Bay Rhyolite. Cal 
Mounlitlll RhyoIIle 01 B 1919) and Uncle 5.!m 
Prophyry. Incl~ 10 a SV ' bodies and locally 
con asM fragnwn s at Of 10 ks. ThicklWSS 
cOflW'llOl'lly sevent en· ' e •• lo~ 
huodreds of melers Da d ~' 66(1). 70. 72. 73. ilod 
73 m.y. ~ Uncle Sa n il it' TombSlone arl'a. IS 

dali>d72 m.y. 

And~ todaciric \IO£lIr*:: bre:cllI - hdudespans 
01 Soiero FCIm'IIItion Sog;w-'.oaJ QuartzLAtile. and 
Bronco Vok:arics..and all o! Demetrie Vo\car-=s 
andSluerbelForma.tionol~(l958). 
ConmonIy contains Iargt blocks 01 ellOdc nxks 
and bcaIy Q::bia some sedmmMy nxks and 
1ntN-lYe rocks. 5eveTa tens d meters 10 sevenII 
~oImeterathickinmoapiaca. 

Lowrer qu rll monlOlllte and gr<tOCfio,ite- lncludes 
some quarlZ chonte: appe IS In sman stocks. 
locally MSOC lIled WIth ml1l'faliUllion. DOlled al 70. 
71 72 73 74.74.74. and 76 m.y. The Schieffl,n 
9ranodorne at Tombsfone is n m.y. 

Roads and Highways 

~ .. ~ .. '---- Dry wash 

1I11'll i ll lllll Southern Pacific Railroad 

Explanation 

•• 

" , , , , " 
+ + + ~ ~p+ + + + + 
+ + + • + + 

op. 

IPh 

MO. 

I" .. :.,.;,.:.,.~ ..... ", .. , .•. : .•. ,~":",,.j> ..• ... 'j :h. . . 

IlISIIEE FORMAlION OR GIIClU'. 
lHlI'mI!NI\ATID It.OWER 
CRETACEOUS~-'- _ d ...... 
FormMion CIf~ ............... ..t .... 
rocka.-kb:Ies upptf --' 01 a.t. fonnIIion. .... u.-._""""'-_ ,,-,_,,-, __ c.... 
..t T..r.y Ranch ForrnMionI (not"-In __ 'd ........ a....,. 
IImI* At*- 01 Br)MI WId KinniIon (19154). lind 
....... Mc.. c:on.u~ ~ IoNkilh-..... ..., ...... ....-.:....~. 
.-d 1DnW .............. 1rnnkInL ~ 
...... tw.n:tr.fnwtlnttick 

GFIANIT AND QUAI!TZ MONZONITE 
(AJRASSfC)-5eocka d ~ ca.w
wained rock. ~ aIIItlCiMed ViMh 
~tion. Dated al 140. 148, 149. 149, lSO. 
153, 160, 161, 167, 178,185 m.y. 

Sedimmtaty nxks (l..oI.t.on J\mrian arv:t IJppa 
~)-conUt.d Epitaph DoIorrite 
(l..o.wr ~), CoIna Umesaone (I...ov.e" 
Perman). and Earp Fonnation (l.,oo,o,on- Ptmrian 
ondu",..~I._ ..... 
~OoIorrit.iladark·to~.graoJ5ig'ttty 
cherty ddorrile, imestone. marl, 5itstone.lI'¥I 
9!/PSUrTI. 12().28) meten trick. CaIna Linatone 
is aml!lilrn~,ttick-bedded.sp.vsoeIycherty. 
and sparselyf~~one 12().28) 

meters tt-ick. Earp Formation is a paIe.red 
sitstone, mudstone. atWe. lind irrestone, ]10.240 
meters thick. 

Horquia linesrone (Upper and Middle 
~)-~·pinki5h--gray.thick·tothi'l. 
bedded, ehtrty, fOMiliferous limestone and 
irten:alatac:i paIe-btvom 10 paIe.~ 
siltstone INI increases in abundance up.uard. 
TypiaIIy:m-400 meters th.:k. 

SErXMENTARY ROCKS (MISSlSSIPPlAN AND 
DEVONJAN)-ConsisIlITllliNv cJ &c.abro5a 
u.ne.oono1_l-1o<aIyI"'""""'" 
and Siberman, 1974) caIed E.5cabrosII G~ 
arv:t Martin Formahon (Upper Dewrian), 
undifferentiated. In part d the Chiricahua 
Moo.xtIaiN 31:50 includa Paracbe Formation 
(Upper ~n) and Port<tI Formation 01 
Sabins, 1957a (U>Per Devorian) . ... the Little 
[hgoon MomIlllnS and IOITW a4acent t-.1s abo 
n:1udes Black Prince l...ime5tone. who5e ta..na 
and cotreIalion shcNI stTOngnt ~....;rh 
~nxksbuf wt-ichmayincU:le sorrw 
~ nxk&. Escabrosa l...rnr.iwoe isa 
mii:dum.gray, mas.sive to tt'ick·bedded, commorVv 
crinoidal. cherty, fouiliferoua imestone CJG.310 
melers thick. Martin Formation is thick. to thin· 
bedded. gray to brown dolomite, gItIIY spaneIy 
f055iferous., and IOITIIi: IiIlflooe and 5i1ndstotoe 
90.120 metl'f1 t}W;k. Paradise Formation is a 
btc:NKI. fossiliferous, IhaIy imesrone. Portal 
Formauon isa bl.xk stWe and imestone 6-1(l) 
~ers thick. BlIck Prince Umeslone \I pinkM. 
gray Irncstone ""'Ih ill 00s;,I ~;wd o;:.twr1 
c~le. '"' much as 52 meten tt.:k. 

SEDIMENTARY ROCKS (LOWER OROOVlClAN 
TO MIDDLE CAMBRIAN):-B Paso Umestone 
(lower Ordoui:Ian and lipper CambriMV.1\brigQ 
Formauon (Upper and Mickle Cambrian), and 
BoIsa Q..artz (Middle Cambrian), 
undiffermtiated.- B?d50 Umntone is a!f'"aV, 
thin-bedded cherty imestone and delorme 90 
meters to about 220 melm: trick. Abreo 
FOI'TNtion isa bro.oIn, lhin-bedded f~ 
limestone, arditone, qw.ruit •• and 5haae. 211)· 
240 meters trick. Boba Quart_ is a brown to 
uA-liteor~.ttick-bedded,cOill'X· 
griSned quartzite and sardslone ...;th a basal 
c~le, 9O.18J meters thick. To th.! eaat. 
equivaleoU 01 part 01 the Abrigo Fonnation and 
Boba Quartzite ate krcwn as the Coronado 

"""""'"'. 
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BIIAKTOI> ROCKS IPIIECAMIIIIAN Y),-_ 
.....,....t.-u...,..,."...~1o 
~ ... ..,.~~in 
IkIdct..IAI*h .. t..n .. ..w. 

Pl'W.SCIIST IPRE~ X,.....,...._ 
~,..t ..... lftICIloIObricroc'-. ---cmglcmer_ . ..t ..... One ~.ock 
dated. 1715m.y. 

CONTACT-Dottl'd ~ cCll'Uolled. 

MARKER HORIZON- Dolled ~ corcealed 

DIKES-Showing dip. 

FAUL'T'S-Si'toMng cip. Dotted whaY conc~ or 
irtruded; baI and bar on doumthrown side. 

Snike-Mp-Arrow e~ 5hows rdatil.e dLpIacanenL 
SmgIe ilI'1'OW shows ~ 01 actJve bkxk 

Thrust fauh-Sawteeth OIl upper plate. 

AnticHne. 

Syndno. 

inclined "liIe and d p at beds. 

EXOTIC·BLOCK BRECCiA- Rock COrltains ct-lp Of 

block mdusions atl"lXk differenl from those 01 
kostorOlherblocksnearl:Jy. T~oIvo1car.c:· 
leclOr'll( Of seCmenlary.let1onc or9n; exdudes 
T ertiaIy megabreccia deposiIs. 

s.'eul-'''ur~I~lileuilONel'"lll.....da,~ 
uri! penctTalac:i. 4 ~ and depth at wei • ., 
feet . 100 feet equals JO.S metl'15. 

COLLECTION SITE-~~daled rock 
showing age In nuDlOn$ at years. ~ befOfe 
symbol where precise Iocarion uncertaIn. 
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Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Dr--. Harold, 

1980, and NeweU, R.A., 1973. 

By James A. Briscoe 
James A. Briscoe and Associates 
Tucson. Arizona 

Figure 3. Generalized geological and structural map on screened 
topographic base. 
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Land Status 
Public Domain - Mineral and Surface owned by 

Federal Government. 

State Domain - Mineral and Surface owned by 
State of Arizona. 

Public Domain Mineral and Surface. Mineral 
owned by Federal Government; Surface owned 
by State of Arizona. 

Fee Simple - Mineral and Surface privately owned. 

Fee Simple Surface and Public Domain Mineral 
Private Surface ownership Mineral owned by 
Federal Government. 

Spanish Land Grants - Fee Simple. Mineral and 
Surface privately owned; Reservation of Gold, 
Silver and Mercury to Federal Government. 

Military Reservation - Restricted Mineral Entry. 
Not open to Mining. 

Water & Power Resource Service & Various 
other Withdrawals - Not open to Mineral Entry 
or Mining. 

Mineral and Surface owned by Federal 
Government. Mineral Rights privately claimed. 

Mineral and Surface owned by State of Arizona. 
Mineral leases, prospecting permits or 
applications privately held. 

Public Domain MiMral and State of Arizona 
Surface. Mineral rights privately claimed. 

Public Domain Mineral and Fee Simple Surface. 
Mineral rights privately claimed. 

Tombstone Development Company, Inc. Lands 

I11111111111111 

111111111111111 

Public Domain Mineral and Surface. Mineral 
rights claimed by Tombstone Development 
Company, Inc. 

Mineral and Surface owned by State of Arizona. 
Prospecting permits or applications held by 
Tombstone Development Company. 

Public Domain Mineral and Surface owned by 
State of Arizona. Mineral rights claimed by 
Tombstone Development Company, Inc. 

Patented Mining Claims owned by Tombstone 
Development Company, Inc . 

Public Domain Mineral and Fee Simple Surface. 
Mineral rights claimed by Tombstone 
Development Company, Inc. 

Fee Simple Surface and State of Arizona Mineral. 
Prospecting Permit held by Tombstone 
Development Company, Inc. 

Roads and Highways 

Dry wash 

IIIII111111111I Southern Pacific Railroad 

Government Reservation Boundary 

Aqueduct 

A----A ' Cross section line 

1 0 

Tombstone Development Company, Inc. k--..J 

Tombstone, Arizona 
Land Status Map, Tombstone 
15 min . Quadrangle 

By Thomas E. Waldrip, Jr. 
James A. Briscoe and Associates 
Tucson, Arizona 

Figure 5. Property map showing ownership of major 
holdings of mineral rights in the Tombstone 
area. Red overprint shows state, federal and 
private land and lands with mineral rights held 
by the Tombstone Development Company as 
of October 15, 1981. 
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Geology 
OlDER OR UNDIFFERENllATED SURFlCAl 

DEPOSITS (HOLOCENE TO OUGOCENE):
Grawl, sand. and sir (~tocene and Pio«ne
Mainly Alluvium ol basm5; InCludes 5OfT'Ie 

colluv.um lind landslide deposits. Generaly ~I' 
pinkish gnIY, weakly induntoted , and WIth poorly 
rowded I;Ia$IS; locally weU indurated. 1nickntwl 
several meters 10 hundreds of meters. 

&salt (~tocene to PIiocene)-LavlI f\a.>.o5, 
pyrodasoc ro:;:ks. and SOI'YIe intercalated gravel. 
TIW:kness seo.oentI meters to 111 few hundr«l meters 
in rrosf places. ~ricaIIy dated a t 025, 10, 
and 3.2 ",-y. old 

ExlenDVe ardulte and daa'e (fI.-bocene and lipper 
~I--I..ava~. pyrOCIaSfIC rocks, !()ITIIt 
lI'lIe«:a1ated "pdasnc: rocks, and dike •. Mostly 
~.~. porphynoc rocks, II1Clude$ 
5OIT'Ie...ery~ feldspar porphyry andaale 
(Turkey track porphyry, an lI'IIorTNi1 term 01 
Cooper, 19(1). Thckne!.s mostly severlII meter. 
IOseuen,llf;MelrN!t~ DatedaI24,2S.21.33, 
iUld39m.y 

Extru5M: rhyolite ","ld thyodaclle (Miocene and Upper 
OIIgocene-uva flows. welded tuff, pyroclastlc 
rocks, lind some nl~uld ('",dMr.: rocks 
!.q,1-gray 10 grlIyIIh-pnk, Vlme: 10 fne'gr;}lfwd. 
porphynoc. Cornrnoriy II lew tem to a lew 
,~rd 01 metlrs thick. Dated.ll 23, 24, 25. 26, 
26, 26, and 'Zlmy. An addIllOnaI doIIte 01 47 my., if 
substantiated, may lI'dcale the prue.nce 01 
EDc:.ne rociunlN Io.ver membcrolthe 5 0 
VoIcarKs ol Cod'll5e Co 

Lower c~le, gnwI, and unci tQigocene and 
Eocene?)-AlkMum. cOl1VT1Oflly grayISh red 
deposits cI smaI, u.d r~. Mn\dc.a1"lC 
clMts. Mostly ~ nwt~ to II lew lens cl 
me1enth.ck. 

UPPER C()R[){U.ERAN (lARAMIDE) IGNEOUS 
ROCKS {LOWER PAl£OCENE);-1..orJ.et 
o,dcarK rocks-Rhyoil~ 10 .,.!de5ele w"a Bow:l. 
pyrocla$bc rocks. and IOI'TlI! II'Iten:U!ted epc1asric 
rocks. DIIled..t57rn.y Possib6y~age:o ..... 

MAIN CORDll..lEJ<AN (LARAMIOC) IGNE.OUS 
ROCKS - PorphyrItIC ind aplmc: II'ItrUSl\le' rocks 
(PaIeoceOl! inc! Upper Cret<'Crous)- McKdy IatlhC 

porphyry to daarit porphyry 11'1 smaU stocks dnd 
pIug$ and ~tIC bcxhn no( M§OClatro ..... uh othll, 
graBtOKi stocks Dat'!d Ilol 61, 63, 63, 64, and 65 

Flu,d,zed Intrus,V(> br~cc;a elCact lIg1! unknown, but 
penet ral~S , lind thus younger than Uncle Sam 
porphyry. 

Rhyodaote tuft and welded tuff [ncludes PlIrtS 01 
Salero FonTldllof1. Sugarloaf Quart./! l1ltlle. lind 
Bronco Vok;olnlC;S. and 01[1 of Red Bay Rhyolote, Cat 
Mounlllln RhyoIIle 01 Brou,rn {1939) and Uncle Sam 
Praphyry Jncludrs local,nITuS/w bodIeS and locally 
COf\t3lm fragmenls 01 (>lCO,,"' rocks llucknesl 
commonly _31 tens olme:tt'r5 to several 
hundr~ 01 mt'ters. Oated at 66I ?I, 70. 72. 73, and 
73 m y T1w Uncle Sam, m tM Tombstoo« art'a. IS 
dattodnmy 

AndaJric to daClb: YIlIIant: brccoa.-1nclucIn pariS 
oISciero Fom'IISrion, ~Quartz utile, lind 
Brorr::o Vdc.ar.cs., and ill 01 Dmwtne VoIea,... 
ard ~ Formabon 01 Co...t:rI!tIt (1958) 
ConwnonIy conlM'll \arge blocks d exOb: rocks 
..-d b;.aIy rd"da IOfI'It MCimrntary rocks arc! 
in(rusiuerocks.~te,.clrTWlerl lo MV«ral 
klnfreda 01 mrt~ tt.ck 11'1 mosI piKa. 

L~T quartz monZMtt' lind 9lbOdiorite - lncludn 
10mii' quartz dIOI'llt': olppeill5 In small slocks 
Locafly lI.UOCllI.r~ IIIIIh InlnerahzatlOll. Dated al 70, 
71. n. 73, 74. 74. 74. and 76m.y, The Schwffhn 
gro.lOOdorltf'aITomt.II)f ..... 72m.y. 

Roads and Highways 

- . .. -- .,....... Dry wash 

+++++<<+,++++-++ Southern Pacific Railroad 

Explanation 
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BISBEE FORMATION OR GROUP, 
UNOrFFERENTlATED (LOWER 
CRETACEOUS):-~ part cl8i~ 
Form/ltion or GrOUP. undilferenMfed, !lnd relllted 
rock&..-Includu upper por1 01 Bisbee FOrffi)tioo, 
Mural umeslorw, Morita, Cinlura, W~1ow 
Ca!¥)l'l, Apache Canyon, Shellerberger Ca~ 
and Tumey Ranch FOrrnlllions (not 6sted in 
stratqapljc sequera) oIlh! Bisbee Group, 
AmoIe MOM clBryant;mel KmrllSOfl (19:54), and 
AogeIic:ArkO!le~loIbrQ..unish·to reddssh. 
arlcoM, gnty tVtSlOOl, MndstOO£, conglomerate. 
and IOfI"II fossiliferous gray lmestone ComrraVy 
several hundred met~ It.c.k 

GRANITE AND QUARTZ MONWNITE 
(JURASSIC}-Stocks cI pinkish.gray COl\1'Seo 

gnine:d rock.. LocaIy UIOCIiIled \IIIth 
~bOn. ~tedill J40,148. 149.149, 150, 
153, lEO. 161, 167, 118, 185 m.\!. 

~lIIYrocks(1.,.o.r..0~nandlJpper 
~n)-<.onastIoIF.pnaphDobnle 
(Lower ~). ~ t..r.estone (l..ower 
F\mnan), and fArp Formallon (l...oweT Pl!m.an 
lind lJppu ~), undiffCTYntliIted 
Eptaph [)oIor,.te 16 a dark 10 1iEtI1.gnty .sig'Idy 
cherty ddomte, D-nnI:OfW. marl, IIiItslorw, arod 
~.l2().28)fl'W!ters't.:k Coirva ~IONI 
isa mediumgray.lhc:k~, ~chertY. 
and sparsely fOS5ililerous limestone 12().2fI) 
melersthick. Earp FOfTIlahOn II iI p;We·red 
IIItltone, mudstor\e, 5haft>, and irnescone. 12().240 
metenlhick 

Horquilla UmestOlle (l.Jppm lI.rld Mickle 
Pems~nian)-l.Jght.pnkIIh-gnly, thick· loltun. 
beckXd, dwrly. fOl55iilerous limestone and 
intercalated !We·brown to paIe ·rl!dcish.gnty 
IIItllone that InCI'UMlIn abundance upo.o.tolfd. 
T ypoIy 300-490 mttm thick. 

SEDIMENTARY ROCKS (MISSISSIPPIAN AND 
DEVONIAN)-ConllSts rNlIriy 01 f..1aIbfosa 
limestone (~n)-1ocbIy (ArmItrorQ 
arc! Sibmnan. 1974) caIed ~osa Group-
and MMtln Form.'ltlOn (lJppet Devorian), 
undifferentiated n pan 01 the CtwnclI.hua 
MotrII4InI also mcludes Par.xli5e Formation 
(Upper ~n) and Portal Formation 01 
Sabmi, 1957a (Upper Oeo.oon.an). In the utUe 
Dragoon Mountains arc! 50ITlC adjacent hiBs also 
axk.de$ Black Pnnce umwone, whose fauna 
and ConNtIOIl shoN str()0ge$t affinities IAlilh 
~n rocks but wNch may include 5OfT1I! 

Pt:!YIIYfvar"lllrl rocks. Escabrosa umestone is a 
rne<iun'9f'lJlY, mMSive 10 lhick·bedded, commonly 
crinoidaI, cherty, louibfCfOUStime:stone9Q.310 
rr.ten ttuck. Martin Formation i$ truck· 10 Ihin
bedded, gray 10 brown dolomite, gr<Iy spal'$ldy 
fOldferous. arc! tome Mtstone and sandsl:OIlI!, 
9().120 meter$lhick. Paracise FOITI'IiIOOn is a 
bmo,un,fouiilerous,lhaty~one.Porta/ 
Formatloo IS a black shale and irnestOl'lll! 6-105 
meters thick. !Jack Pmcc UmaIOl'lll! is pdQsh. 
gI"'a'J limestone with a basal shNe and chen 
c.onglomenlle, K much as 52 meters thick. 

SEl>lMENTARV ROCKS (lOWER ORDOVICIAN 
TO MIDDLE CAMBRIAN)~-B Paso i.JrMs!onI! 
(l.DweJ 0rd0vC1an ard LIppa" CamboiIn), Abrigo 
Formabon (Upper and Midde CAmbrian), lind 
Boh.a QJar1z (MidcII Cambrian), 
undilfntntWlted.-B Paso L..nestone IS a~. 
1tWI-bedded c.~ ~OI'III! and dcbrite 90 
meters to about 220 rrwt~ trick. AbrigQ 
FormatIOn IS a browm, tNn.beddI:d fc:I6siiIeJOUS 
limestonl!, sanrJ:aone, qJM1zil. , and shoIe, 21(). 
240 lTWteTS thick. 80ba QuamJlfl is a brown 10 
u.hle or purpish.grBy, trick.bedded,cOlll'M
!J"IoII'*I quart:at. and sanchtQnl with a basal 
conglomerate, 9o.Ial meters thick. To dw east , 
equil.UnlS 01 part 01 the Abrigo Fonnation MId 
Bolsa Quartzite an known l\$ thot CoronlIdo 
Sancl6tone. 
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Sedrnenwy rocks (Upper lind MidcIe Cambria.n)
Abngc FormabOn (l.Ippflr and MJCicII Cambnan), 
and Boh.a ().Iartnle (MldcIe Cambrian), 
undiffamnated. 

GRANITOID ROCKS (PRECAMBRIAN V):-MimlIy 
~lellndqua.rtzn'lOf'lSOrlte, urlolialedlo 
loIa!ecI, in part rNllal1"lC)l'J:lhol GeneJ1lly m 
siocks, which aIM been little stutied 

PfNAl SCHIST (PRECAMBRIAN X)-ChIorile sdw, 
~Ie, lind !IOIT'II! nvtavoIcal"l(. rock&. 
nwtao.dc:lI.rKrocks,~ZIl •. rnrtaquartzite 
con9omer'llte, and greM. One rneta\IOIcanic rock 
daled at 1715 m.y. 

CONTACT- Dotted whtr. cc:n::eMd. 

MARKER HORIZON- Dotted where c.c:n::eaIed. 

FAULTS--ShoMng dip, Dotted u.t.ere concealed or 
intrulkd. baa and bar on doNnthro.un D . 

Strike,slp..-Arrow couple shows relalM! ~ 
&ngle arrow i5hou..-s ~flI 01 /llC1M! block 

Anritine 

Inclined Strike and dip of bedI. 

EXOTIC·BLOCK BRECCIA- Rock contains c.t-ip or 
block ndullON of rock ddfert:nI from tho.: 01 
hosc Of other blocks nearby. T ypw:aIy cI..ocanic· 
1I!C.'oric. or sedimel'llary.ll!C.lcn.c or9n: eJCdudes 
T«mary megabrecaa deposits. 

SitI1 cI wei Of gmeraUed Sltt' of ~ u.d5, sho.w'Ig 
urVt penetnt.ted. if known, and dept'h of wei, 11'1 

Iftt. 100 f_tlqw/s 30,5 mllers. 

COLLECllON SITE-RadiogtI'lCblly daled rock 
5how!ns agt' in rNIion5 01 years Query ~ore 
5')mboI wher. pl'ectH Ioc:ahon unctrtollO. 
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Geology adopted from Drewes, Harold, 
1980, and Newell, R.A., 1973. 

By James A. Briscoe 
James A. Briscoe and Associates 
Tucson, Arizona 

Figure 6. Dump sample location map showing area of influence 
boundaries and the Ajax, Prompter, and Horquilla 
faults , from Newell , R.A., 1973. 

Distribution pattern for high silver ratios in dump 
samples (in red) . 
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Geology 
0t.Df.R OR UNDIFFERENTlATED SURF1CAl. 

DEPOSITS (HOLOCENE TO OUGOCENE)'
Gravel, sand, and A' (P\euilocene and f\oclrne 
Ma!nIy ~ ol bMins: nclucla SOI'Ilf 

coluvium ard lardslide dePOSIS. Generally ighl' 
pinIuIh~, -..-kIy utdurated. and ""';Ih pOOrly 
fOI.ftIed clasfa; IoaIIy wei Indurated. Thickneu 
~ mrten to hundreds 01 wefers. 

Basalt (PlNtoccne to PIIocenel- 1.av;, flows, 
pyroclastic rocks.. and some Intercalated gravel. 
1hickness 5I!'\I81'aI nwteJS to iii ~ hunch-eel meters 
In most places. f0diomelricaly dated at 0.25, to, 
and 3.2 m.y. old 

Exten5M!: andnIte and daclle (MIocene and lJppeI'" 
OIgocene)-~ /b.r.I!i , pyroclasric nx:k£, some 
Ifllercalated epc!astx;: roc::~, and thket. MQstly 
gray, Me-gnlined, porphynhC fOC~. includes 
5OmI!. very coane fddspar porphyry andeslle 
(Turkey track p::IIl)hyry, an inI~ term d 
Cooper. 1961). Thlckne5s mo6~ several meters 
to 5eWfaI ten5 01 mrtm.. ~Ied ilIl 24, 25, 27.33, 
and 39 m.y 

Extru5iYe rhyolite a.-.d rhyodbcilt' (Miocene and Upper 
O5gocme-I,..,v;,~. welded tuff, pyrocla$ric 
rocks, and !lOITII! intercalated epiclMhC rock&. 
Usttt.gray to grayrsh-Pnk. Vllnt 10 fine'9Jained. 
PQI"Phyritic. Commonly II lew h!ns 10 a lew 
thou5a.nd 01 meters thick. Dated "', 23, 24, 25, 26. 
26. 26, ~ T1 m.y. An addirional dale 0147 m.y., if 
IlUbstantialed, mllYJOdicalc !he presence 01 
Eocene rocks in the lower mmlber 01 tJw S 0 
VoIr.ArW.sol Cochise Co. 

lDJ.oer congIomen.te, gravel, and s;,md {Oigocene and 
Eocer.e?)-AlkMum;cOl"l'lll"lOri~·red 
di!posit& 01 5fl"oa!, wd roulded, TlOfM:lIcaI'lC 
clast$. Mostly several melers to II lew lellS 01 
mer~slhil:k 

UPPER CORDlU.ERAN (lARAMIDE) IGNEOUS 
ROCKS (LOWER PAl£OCENE):-~ 
uoIcaric rocks-Rhyolile 10 aMPsle lava f\ov.rs, 
pyroclMric rock5, and some InterciWlled ep:1asric 
roclu. Dated at 57 my ~~ age 10 

MAIN COROILLEAAN (LARAMIDE) IGNEOUS 
ROCKS:-PoIphyntJc and apilllc I1trusive rock! 
(Paleocene and Upper Crelkeous)- Mostly I/ltlllC 
porphyry 10 dac111C porphyry In smAIl stocks and 
~ and aplibC bodies OOt 1I$.SOC1i'llOO With other 
grllrilOO stocks. Dated al 61,63,63,64, lind 65 
~,. 

Fh.ltdlzli1d ullrU$lVe breccllI - eXMt lIgI!' unknown. but 
p4!T"IIulltn. lind thus younger than Uncle ~m 

po"""" 

Rhyodanl(' luff lind welded tull. Includes p30rt5 01 
531e10 ForlT\lllhon, Sog.tarloal Quarl~ LAtlte. and 
&onco Vokaruu, lind 11111 of Red &y Rhyolile. Cat 
MountaIn RhyOOte 01 &own 11939) and Uncle.$&m 
Prophyry. Includn local mtru~ bodin "nd locally 
contAIns Ir&gmll!nts olll!XOl1C rocks. Tlwckness 
commonly several t('os 04 meters 10 Sl'Vt'rai 
hundrl!ds III melen Dated .11 66(?). 70. 72. 73, lind 
73 m.y. The Uncle Sam. In the TombslOOl' area, is 
dated 72 my 

Andnitictodaciticvolcaricbrecaa..- IncIucle5I»rtS 
d SoIero Formliltion, St.Jg.v\oaI C)w1~ uti1e, and 
Brorco Vok:aria, and III 01 ~ Voicarics 
iloOd~FOfTNltionciCourtri!tlI ( I 958). 
Commonly cCJntans Iargt blocks at uotic roclu 
and 10caly indude5 some ~ rocks and 
intrusiwrocks.~tCl"lloll1WT~to~ 
hundreds cJ "...ten thick in TTI05l pIace:5. 

~r QUilIrl.t monzonite and grlllOdiotite- lncludn 
$Om(' QUartz diorite; lIj)pellrs in smllll $lOCks. 
Loc1llly as50Clclled with mIfl('1"alinlion. OlIted lit 70, 
71.72,73.74.74.74. and 76 m.y. The Schll'fflin 
grMOdonte 1I1 Tombtilone 15 n m.y. 

Roads and Highways 

- . -- ---- Dry wash 

++++H+++++!+++ Southern Pacific Railroad 

Explanation 

[~ 
BlSBEE FORMAllON OR GRCXJP, 

UNDIFFERENl1Al"U) {LOWER 
CRETACEOUS):-l)pper part cJ Bisbee 
FOI1TIi!tlOfl or GfO\4l, undiHerenMted, lind related 
rocks. - Includes upper pan cI Bt5bee FOITJ'IlItlOfl, 
Murail.incSionc, MortUl. Cintura, Wiow 
Canyon, Apache Canyon, 5heDenbergltr Canyon 
and Tumey Ranch Formations (~lisled In 

strabgraphic WQI,.Iil'lCe) d the Bisbee Gt~, 
AmoIe MOM 01 e.y..nt and Klnruon (1954), and 
AngeJic ArkOSl!'. eons.scs 01 brownish· to reddir.h· 
arkose, 9Jll'Y siil5tOne, IolIndsilone, conglomerate, 
and JC)I'"NI fouililer0u5!jn1y limntooe. CommorVy 
~ hundred metm thick 

GRANITE AND QUARTZ MONZONITE 
{JURASSlC~Stocks cJ JXflkish.grl'y COilne' 

gr~ nxk. l..ociloIIy aaocialed with 
rrvl"lI."flItiUlbOrl. Dilted at 140, 148, 149, 149, 150, 
153, 160, 161. 167, 178, ISS m.y. 

SedimmtllfY rocks (L..ower Pmnan and LIpper 
Pe~nan)-<onsists cJ Epitaph Dolomite 
(Lower Perrria.n), Colina l.Jmestone (L..ower 
Perman), "nd Earp F()I'IT'oCIOOn (~ Permian 
and Upper Pe~rv.n), urdffe:re.nt:iated 
E;xtaph OoIomte IS" wrk to 1ighl-grCIY sIi!j1rly 
cherty dobmite, limestone, mari, siltsfOfle, ",,(1 
gyp5UlTI, 121).28) meters thick. CoIiro ~tone 
is 1I medium grlIy, tn.ck-bedded, spI!I~ cherty, 
and sp;ne!y fCl5$iiferous ~tone l2().28) 
meters thick. Earp FOI"TMrioo is a plIle-red 
siltstone, mudstone, VWe, and imatone, l2().240 

meters thick. 

Horquillit. limatone (lJpper and Middle 
~""'n}-l..ight·Pnkish~, thick· 10 tNn
bedded, cherty, foailileTou5lirnestone and 
intercalcstedpllle-brownIOpale,reddish-gray 
.sMt:stOr'III! lhat ncreasa In abund!t.nu Upwitrd. 
T~J00.490metersttuck. 

SEDIMENTARY ROCKS (MISSISSIPPIAN AND 
DEVONIAN)-Consst5 mainly of EtciJbrosa 
Grnmone (MississIppian)-1ocaJIy (ArmstrofIg 
lind SibrrnlIn, 1914) ClIIIed ~ Group-
and MlIrnn Formation (l.Jpper [)r..onian), 
urUfferentialed. lnpllrtdtt.eChiricahl.m 
MolrItlIinI al!o IJ'ldudes Paradise FOfTNIOon 
(Upper MissMippianillncl Porml Formation 01 
Sabins. 195711 (Upper Devonr.lIn). In dw Uttle 
~ MountaInS lind some acbacenl his also 
'llC~ 8ilIck Prnce ~one, whoM fauna 
and cCX'"NkltlOfl 5ho.N stTOngaI affinities "";th 
~n rocks but u.ttich tnlIY «lode some 
PemsyIvarMn rocks. EK.broe.a l..Jmc:sIooe.lI 
rrcdi...n-9'<lY, m.usiw to tnck-bedded, c~ 
crinoidaI, cherty, 100000erous imestone 90-310 
nwters thick. MartIn Formation 1$ th.::k· to thin
bOOded, ~ 10 brown dc*>rrile. gray Sj)arsely 
f~eroua, lind IOI"TW Autone and sandstone, 
9().120 meters thick. Puaci5e Form/)OOn is" 
brOoAKl, f065iilerous.. alW; ~tone. Portal 
ForTniWon 1$ a black sNIe and m.:stone 6-106 
meters thick. 8ilIck Prince UrnesIOnll! Is pinkiah
gnl',llimatone INIIh a basal,.. and cnom 
congiomeTlIle, '" much M 52 meters lhick. 

5EO{MENTARY ROCKS (LOWER ORDOVICIAN 
TO M100LE CAMBRIAN):-El PlI50 lJmatone 
(Lower ~n arw::ll)ppn Carrbriani, Abrigo 
FormliltlOfl (lipper aM Mickle Cambnan), em 
BoIM QJartl (MdcIe Carnbriiln). 
undifferentiated-a Puo Umestone if a SJ1IY, 
~ cherty 5mmone and doIorri1e 90 
miners 10 lIbout 220 nwiet$ thick. Abrigo 
FOfTNItion is 1I broNn. ~ fouiliferous 
limesIone, SlIrdstone, QUlInzite, lind shlIIe, 21()' 
240 nwters tt-i:k. BoIu Quartmc • a brtIwn to 
....nteor~,thick-bedded.cO¥W· 
grlIined quartme lII'd undltone wtth a buaI 
conglomeratll', 9().18) mrten thick. To the~, 
~solPllrtd W Abrigo FC)rT1"IlIfionw 
BoIsa Qanw arc kncNm as the Coronado 
Sondo_. 

• 
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Sedimenlary rockl (Upper arw:I Middle Cambriilni
Abrigo FO!l'T"0bon (Upper iloOd MxkIe C4mbna.n), 
and BoISlI Quartzite (Midcle Cambrilln), 
undifferenllated. 

GRANITOtD ROCKS (PRECAMBRIAN Y):-MlIinly 
grll....x!iOOte MId qUllrt.t rronsoni'te, ur/obted to 
folillted,inpartmetarnorphOlledGenl'l'aly1fl 
stocks, ....nichah...oe betntittle studied. 

PINAl SCHIST (PRECAMBRlAN X)- ChIorite .schist, 
phyllite, and some metllvolcAric rocks, 
"...~rocks.rnetbquMtzde,~zitll' 
c~te, iloOdgnei&s. One me1~ric rock 
dated at 17ISm.y. 

CONTACT - Don!ld where concealed. 

MARKER HORIZON- Donee! lAlhere conc:Wed. 

DIKES--~dip. 

FAUL TS-SOOMng dip, Dotttd ~ COl"lCWOO a
intruded; ball and tw on cIownthrown Side. 

R."",. 

Sttike·shp--Arrowcouplesho.wsrelatrvedisplacemenl. 
Sir"ge lIfl'OW shows movement cllICriVl! bKlC:k. 

AntlCHne. 

Syncline. 

Inclined strike and dip cJ beds. 

EXOTIC·BLOCK BRECCIA- Rock cootains djp c. 
block InCIuIlorl5 01 r«k difflftCnI from thaec of 
hoslorotooblocksllelltrb,o. TypicllllycJvoIcanic· 
tectonic or IleCllmelllary-tectOl'ic origin; exduda 
TertiaryflW9i!lbrl?Ccia<leposlts. 

Site cJ _H or gerlll'Jalzed :lite 01 ~ -Us, showire 
ul"'it penetl7llled, it known, and depth 01 """",,,I, in 
feet. 100 feet eq.wIb 30.5 mll'ten. 

COl.L..ECTlON SlTE-Radiogeniclllly dated rock 
showing age in miDions of !.'ellrs. Query bela-e 
symboI......nere precise location uncertain. 
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Geology adopted from Drewes, Harold, 
1980, and Newell, R.A., 1973. 

By James A Briscoe 
James A_ Briscoe and Associates 
Tucson, Arizona 

Figure 7. Dump sample location map showing area of influence 
boundaries and the Ajax, Prompter, and Horquilla 
faults, from Newell , RA, 1973. 

Distribution pattern for high zinc ratio in dump samples 
(in red) . 
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Geology 
OLDER OR UND!FFERENT1A TED SURFlCAL 

DEPOSITS (HOLOCENE TO OUGOCEl'lE):
GrIIYeI, sand. and III, (P\mlocene and P'1Iocene
Mainly alluvilnl cJ basins, includes some 
cdkM\wn arv:llllond5lide dejX)5lt5. Generally isht· 
pIf1iush gray • ....eakly indurated, ;md ......,th poorly 
rounded cwu.; IocaIy wellndurllted. Tlw::knus 
~ meteni to h...-lreds 01 meters. 

&salt (?mIocene to Plicx:e"",)- wa I\oo.u$, 
pyroclMric rocks. lind some IIUerc.alated gravel. 
1hacknus ~ meter5 to a lew huncfrtod meter, 
111 most p0ces. Radiomelricaly dated at 0.25, 1.0, 
and 3.2 m.y. ad 

b lensr.oe andesit~ and dacitll! (Miocene and Upper 
OIigocene)-Lava Aow5, pyroda,snc rcxks, some 
lI1t~ted epc~1C rQC~. "'00 d!ke$ Mostly 
~. firoe-gnUned, porphyritic rocks, includes 
some wry COO1:;oe f~ porphyryandesill 
(Turlc.ey track porphyry,.\n inl'ormallerm 01 
~,I96I). Th.cknessTnCl6r!y5eYl!Tllilrnelers 
to sewraJ lens 01 ~t€'TS. Dalild at 24, 25, 27, 33, 
arv:l39m.y. 

Extrusive rhyolite a;'\(j rhyodacJte (Miocene and l.Jpper 
OIi!p;:ene-lava Bows, wdded tuff, pyroclastic 
rocks, and some intercalated epicloMnc rocks. 
ulj'lt.graYIO~·p,"k.\11Iric:tofi:w~. 
porphyritic. Commonly a lew tens 10 ill /eu.I 
thousand 01 TTWten ttut:k. Dat£d at 23, 24, 25, 26, 
26, 26, and '1J my. An additional dale 0147 m.y., if 
substantiated, may mdicate the presenc:e 01 
&xerw rocks in tile lower member 01 ttw 5 0 
Voicarb d Cochise Co. 

lDwer cong\omefate, gRVeI, and sand (OIigo:;:ene arc! 
Eocene?}- Alluvium. c()l1lJ1'l()riy grllyistHed 
deJX)!5ils oI51T1a11, \/old rounded, roonvoIcarK 
cWts. Mostly several meters to a lew teM d 
metersth.:k. 

UPPER CORDlu.ERAN (lARAMIDE) IGNEOUS 
ROCKS (LOWER PALEOCENE);-Loo,....oer 
..olear..: rocks- Rhyolite to andesne IaVlI Rows, 
pyrocla$tw: rocks, and ~ D'lt~ted epiclMric 
rocks. 0.,.100 al 57 In-y PosOOIv younger lI9'! 10 

MAIN CORDIlllf<AN {lARAMJDE1IGNEOUS 
ROCKS:-POfl)hynt.;: and .,pIIlJ; Iflt~ rocks 
(~ene lind Upper CretllCeOUs)-Mosdy 1a1llJ; 
po::wphyfy 10 dacllC porphyry IfI small slack5l1rd 
piugsllnd <1p1ibc ~ n(Jl~tedWlthOlhtr 
!priroid stoCk&. Dated lit 61 , 63, 63, 64, /lnd 6S 
m.y. 

Flul(lIzed intrusIVe breCCia - eXo'I("T lIge unknown. but 
penetrlltes. <1nd thU$ younger than UncI", Sam 
porphyry 

Rh~'le lull ;t.nd.-ldPd lull I.-.;I~ parll 0( 

s..le.o FormllhO .... SugllTIoal Quarlz Lallie, <1ond 
BmncQ VolcanICS, and all ol Red Bay Rh.,.ohle. Cal 
Moontaln Rhyoille ol Brown (1939) iJnd Uncle SlIm 
Prophyry. Includn local tntrUlilV'f bod!n and Ioc<!llly 
contall'lli fragments 01 exotIC racks. ThICkness 
commonly several Tens 01 nwl('TS TO several 
hUndT~ of mett'1"S Daled ~I 66(?). 70. 72. 73. and 
73 m.y. The Uncle s;'m.ln lhe Tomb5tone <!Irea.1S 
dated 72 m.y. 

Andartic to diIcitic YObric bfecclO.- lnck.dn pllTts 
01 Soiero Formation. SugarioaI Q.Janz u.rile, and 
&onco Volcat-icl, ",nd G8 01 Demmie Vokarics 
.lind ~ Form/I tion 01 Cou-tright (1968). 
Cornncri; contains argr biockl 01 txotit rocla 
and Iocaly ncludes some seOrnentary rocks and 
intrusive rockL Sewraite ns oIlTWten 10 II!W'nIII 
I1undmh 01 nwlt!r$thick ., most p8cu, 

Lower quartz moru:onlle and graoc!ioriTe-lncludn 
SOtnl'QU<'lrt zdiorite: appellfS in small s tocks. 
LO("oiIIy iI$SOClo)ted wilh moneroWizaliQn.. Dated aIm. 
71. 72. 73, 74. 74. 74. and 76 m.y. The Sd wfflin 
grnnodorite III T ombstOlW is 72 m.y. 

Roads and Highways 

"- Dry wash 

! I I ! I I , I I I ,.+++ Southern Pacific Railroad 

Explanation 

1-----1 
I PIP> I 
L-______ J 

BlSBEE FORMAnON OR GROUP, 
UNDIFFERENTIATED (LOWER 
CRETACEOUS)'-I)pper pan 01 Bisbee 
FormallOn ex Group, undifferw:nti!.led. and related 
rocks.- h:locIe$ u~ part d &sbee Formation, 
MunrJ l..ime!TOf"Il!, Manta. Clntura. WiIb.N 
YIl')oOl, Apache CaIlyOl"\. SheIIen/)ergl>r Canyon 
lI~ Tumey Rarcll Formations (not isted in 
Itrallgraphc Kqurmce) 01 the Bi5bw Group. 
AmoIe MoseolBfyllnl and Kinni!oo (1954), lind 
Angdc ArkOlll. ConSllts 01 brOWfUlh. to redr;bh. 
arko5t. gray silstone, sandstone. congiornmole, 
lind some fos.siflfftOUS gray limeSTone. Commonly 
:;everaIhundredrnelersthiclc 

GRANITE AND QUARTZ MONZONITE 
(JURASSlC}-Stcx::b 01 pinkish-sraY coarse· 
gramed rtXk.. locaIy a.s5CXIaled with 
mineraliurioo Daled lit 140, 148, 149, 149, Iso, 
153, 160, 161. 167. 118, ISS m.y. 

Sedimenlary rocks (l...ower FVmian lind l.Ippe:r 
Pemsyivaf'llln)--c0n.5ts 01 Eprtaph Dobmte 
(l..owl>r Perman), Colina Ume$tone (Loo.uer 
Perman), and Earp Formation (L..ower ~n 
and l}pper ~rian). undiHerenMted 
EpitlllX\ DoIorrite IS II dark· to light.gay sIi!iltly 
cherty doIorrile, &rnestone. marl, siltstone, arod 
~m, 12Q.25) TN!lers tBck. Coina t...imI!Stone 
IS a medium gr.ty, lhi!:k·bedded. ~ cherty. 
lind sparselvfOl5S!ifemuslime:stone 12Q.2lJ) 
meters tJuck. Earp FOI"TTliSbon IS iI; paie..red 
WtstCIrW. mudstone,.shaie, and limestone, 120-240 
metb1lthick. 

Horquilla. Umelitone {Upper and Middle 
Pe~n)-ldtl'~y, thK:k· to thin
bedded,cOerty,fOS5iliferOll$!WnesI:onearw:l 
intercaJatedpak-brlJl'W'nto pa!e.reddish-gray 
siltstone that increases in abundance upo.o.0fd. 
Typic.alyJ00.4'J) metl!l"lthCk. 

SEDIMENTARY ROCKS (MlSSlSSIPP!AN AND 
DEVONtAN)- (..orlsi:5ts mainly 01 ~ 
Limestone (Missiasppan}-1oaDy (Armstrong 
and SIbmroan. 1974) caIed Ucabrosa Group-
lIndMarrinForTT\lItiontUpper~), 

undifferentiated. n p;:r,rI 01 ttw Chlnca.hw 
Mom~ &Iso ircixIes P.vadise Formation 
(lJppeT MiuTsspplan) and Portal FormaDOn 01 
$;,bw;,1957a{lJpper~r,j . b1 theUItIe 

~ MounlalnSlind some ~enl Bbalso 
IrcLdai Bl6ck Pnnce l...tmn!~. whotie fbUllll 
lind cOlWarion .show srrongest &ffinitia with 
tvtisaiIIippTan rocks but wt.ch may n:1ude 50me 

~nrocks.EscabrOSlll..ime$loneillll 
rre<i lJlTl-91lY, IT\aSSIW 10 u-.ck-bedded, cot"TVnOriy 
crinoid;,l,cherty, fo.siliferous imtIlone 9().JIO 
meteTIthkk. MMnn Formation is thick· to dW\. 
beddtd. ~ 10 brown doIon-itc , ~ sparsely 
f055iferous. and some ~one and SlII'dMone. 
9().13J meters Tlick. ParadiM: Formation il li 
brown. f~. shaly imntone. Portal 
FOI'I"Mbon it; ~ black sha.Ic ~nd imatorw 6-1~ 
metml thick. 8I«:k Prince lJmalonc is pinkjsh. 
grlIy lime:5Ione \lAth <!II ba.sa.1 aha.Ie and cl"wrt 
c~lc,..smuch os 52 rnclcn ttick. 

SEDIMENTARY ROCKS (LOWER OROO\OCIAN 
TO MIDDLE CAM8R1AN):-EJ Pa.so l..imtst00il 
(t...o.....tn- Or~" a.rd IJppn c.mbriim), Abrigo 
FonTIlItiorI (Upper and Mickle Cambria"). ;and 
80Iu Quartz (Mickle Cambrian), 
~ted-8 Paso l...irntstone is a gra.y. 
thin-bedded chrrty irMsIone a.nd dcbTite 90 
metml to;,bouc 220 met""' tlKk. Abrigo 
Formalion .. II browrl. lhin-bedded louiiIe:roIJt 
limntoot:, aanc\stune, ~:zite, and __ , 21(). 
240 meters thick. BoI5a Q,artzite is II brown 10 
wtvteor~, ttick.o.dcled, cOllTM' 
grllintd quartzite and sandstone with a bMlII 
c~te, 9().UDme1enthick. Todwua, 
~l aI part 01 !he Abrigo Fonnation a.rd 
Boba Quan.zitI an! known os the Coronado 
Sonda~. 
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---.. --"'- Aqueduct 

A----A· Cross section line 
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&!:dimerrta.ry rOCks (Upper and MIddle Cambna")
Abrigo Formation (Upper and Middle Cambria"). 
and BoIs;,. Quart:D11I (Middle Cambrian), 
undifferentiated. 

GRANITOID ROCKS (PRECAMBRIAN V):-Mair\Iy 
graroctiorite lind qUllrtz monIOI"Iilll, uriohated 10 
folia ted.Trlpi!lrtme~.Gene-ra.lyin 
stocks, ....tUch lInve bee" ittle studied. 

PINAL SCHIST (PRECAMBRIAN X)-OoIorile~, 
phyibte, and some ~f'IC rocks, 
metavolcanic rocks, metllQUllrtzile. metaQuMlzite 
conglomeralll, and gntIISI. One metll..dcarw: rock 
dated III t715 m.y 

CONTACT -Dolted ~e concealed. 

MARKER HORlZON-Dotted when! concealed. 

DIKES-Showing dip. 

FAULTS-Showing dip. [):xted where cOl"U.llled or 
intruded; ball and bM on doumthfOVllfl side. 

Nom'" 

Strike·~p-Arrow couple ~ relatNe displacllfT"ETlI. 
SirlgIe i'U1'O\W shoMi moVl!fT"Ollnl 01 active. block 

MlIp r thrulit fault-SilWl~lh QO upper plate. 

Thrusl fliult- SaWleeth on upper platl! 

AntlCblW. 

EXOTIC·BLOCK BRECCIA-Rock coollliN clip Of 

block inclusions 01 nxk diffllfem from thoM 01 
hosIOt Olherblocksl"li!-'rby. Typicalyolvolcanic· 
tectoni!: or sedm!tnlaf)/'tl!Ct~ nri9n; cxcJudu 
Terli.ary~.eccilldepo.$t$. 

Si teol -...d orgeneraizedsi l eol~lII-...d5.shc)r.....ing 
uri! pt!OI!trated. if kroov.Tl, lind depth of wei, In 
feet . 100 feet equals 30.5 mellln'. 

COLlECTION S/TE- RiKIiogmTCaily dated rock 
showing age in millionl ol yearli. Query before 

s.ymboI where precise Ioclltion uncmbin. 
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GeolOgy adopted from Drewes, Harold, 
1980, and Newell, R.A., 1973. 

By James A. Briscoe 
James A. Briscoe and Associates 
Tucson, Arizona 

Figure 8. Dump sample location map showing area of influence 
boundaries and the Ajax, Prompter, and Horquilla 
faults , from Newell , RA, 1973. 

Distribution pattern for high lead ratios in dump samples 
(in red) . 
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Geology 
OLDER OR UNOIFFERENTlA TED SURFIeAl 

DEPOSITS (HOLOCENE TO OUGOCENE) 
G~ wnd. and 5111 (Plmlocene and PIiocene
MaiJ¥,t lIDuvium 01 basins: irdudes some 
colluvium and landslide del»Si ts. GenenUly light · 
pinkish gray, u.o?akly indurated. and WIth poorly 
rounded clasts; locally weJI ioour<lled. Thi<:kness 
sewr..,) meIer.; to hundred5 of meters. 

~1t(PleJs'oceret" Pliocl!ne)-L..wi!f'Iows. 
pyrodasnt rocks, lind some Inlercal1lled grawl. 
lluckne55 5eWfilI meters 1o a few hundred meters 
In roost pl<.ce5 fW::IiometricaJly dated al 0 25, 1.0, 
and 3.2m.y. old 

E)o;Ter'lSiw ar'ldesile and c:lacite (Miocene .lTrllJpper 
Ohgoce nel-Lava 1Iows, po..TlXru~ rocks. "Ofl""Ie 

inlerC<wled epidasllC rock5, a nd chk~. Mostly 
gray, line-gramed, porphynnc roc~, Includes 
$OTTW very COilrse leldsp;,r porphyry andesite 
rrurkey trllCk porphyry, an 1nf0flTl,J] term 01 
~, 19(1 ) . ThK:knn5l'1'1O$tIy~ melers 
'0 several ums olmelers. Daledal 24. 25, 27, 33, 
and 39 m y 

ExtrUSIve rh~I'e a.-xl rhyodacite (Miocene and ~r 
OItgo:elll!-u.~ 1Iows, welded tuff, wodastlC 
rocks, and $(lfTlI! Inli!TCalated epiclasric rocks 
Ught"9fi'y 10 !JnIYI5h. ~ ... 1k. Vltnc 10 fne~, 
porphyntJC Commonly a lew tens to a lew 
thousand 01 met~ dwck. Dated al 23, 24, 25, 26, 
26, 26, and 27 m y Aro additional dale of 47 m .y • If 
JUbstantlllled, may mdic.lle the prt!:Sercl! 01 
Eocene rcxksll'l~~membet oltlw SO 
VoIc.v.c.sdCodaseCo 

l...ower conglomrntt!, grM, and sand (Obgocene and 
Eocene') ~,commonly grayish red 
depo5llS ol lrT'ld, wei rounded, nonvolc:anIC 
clast~ Mostly 5e\.fl~ meters to a few tert$ 01 
meters duck 

UPPt:R CORDIllERAN (LARAMIDE) IGNEOUS 
ROCKS (LOWER PAlEOCENE)c- l.oweT
\JOkdl'ic rocks- Rhyolite to a!'lde5lte !all<'lo flows, 
P'".'fOCiMric rock5, and some I"Itercaialird epdas\lC 
rocks. Dated al 51 m.y. Pos.sibIy~; lIge to 

MAIN CQRDlU£f<AN (LARAMIDE) IGNEOUS 
ROCKS:-Porphynbc and ap/me mtfUSllIe rock .. 
(Paleoc:el'll' <'1000 Upper Crct3Ceous) Mostly !anllC 
porphyry to dacltJC porphyry In small stocks and 
p/ug5 and aplillC ~ flOt aswcliltec/ WIth olne. 
graritoid SllXks. Dated at 61 , 63, 63, 64, and &5 
m.y. 

Fluicllzed mTruSlve brecCLII - eX3CT 39" unknown. bul 
penetrau?s. and thu~ younger Ihan Uncle Solm 
j)Orphyry 

Rhyoc1M:,le !uU lmd welded lull. lrocludes parts 01 
5,)1('10 FormatIOn. Sugario,)r Quanzlillite, and 
Bronco VoU:,m>('S. ,mel aii of Red &y Rhyohle. Co)t 
Mc,unl,lIn Rhyohle uI Brown (1939) and Uncle Solm 
Prophyry. Includes Iocallnlrusrve bodIeS and locally 
('ont,1ms Ir&gments of eXOl1C rocks lluekness 
commonly sewral tens 01 rTM?IelS 10 ~ral 
hunoreos 01 roele'!) 03tOO al 66(?), ro. 12. 13. o)nd 
13 m.y. The Unc~ 5<lm. In thi! Tombstone art!a, 15 
dared 12m.y. 

Andesitic to dacitic -.dear-.: br«e~.-1nc1uOe5 pMts 
01 SoIero Formaoon, Sogar\oaf Quartzl..lltite, and 
Brorco Vok"-"lC'S, ",nd all oi Om-.ttnl! VoIcar.cs 
<'Iond SiIvetbeII Formation 01 CourtrdJt (1958). 
Commonly conUlll'lS large bb::k.s 01 exotil: rocks 
andloc<'loly includes $OtJ'\t sedimentary rocks and 
inlrusive rocks. Seo.craI tens 01 meTers 10 sevenJ 
hu.rdre<b rJ meters thick., maR places. 

Lower qubrll mon~OOIte iIInd graodoonTe Includes 
some quarU OOl'lle, <'IoPPt!!l r ~ ,n s m.ill stoc ks 
Lx~ly assocoate<! ...,Ih mlfWra/tralloTl D<llt!d "I 10. 
7 1. n. 73. 74. 74. 14. and 76 m.y. The Schlel/hn 
granodorlle iIIl TombIloot' IS n m.y 
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BISBEE FORMATION OR GROUP, 
UNDIFFERmT1ATID (LOWER 
CRETACEOUS):-f.)pp£r PiIIrt of Bisbee 
Formaoon or GroUP, unddfert!ntiatt!d, and rmted 
rocks.- 1ncIudes upper part oi Bisbee Fotn\i'ltion, 
Mu~ Lunestone, Manta, CinlUra, WLIIow 
Carl!wOO. Ap/lchco Can-,on, SheIIellber9Cr Canyon 
and Tumey Ranch FormallOrui (not 6sted in 
str!!l6graph.c seQUence) 01 the &bee Group, 
Amo6e Arltose oi Bryant.llnd KlOmron (1954), <'Iond 
Al"Igebt ArkQSe CoosIst$ 01 browmsh· to reddish 
iIIrXose, gnrry siltstone, S<'IonclstOr'ol'!, cooglomer3Te, 
and some fosshferous gray timestone. Commonly 
Sl?'\l(:!raJ hundred meTe!'5 thicl. 

GRANITE AND QUARTZ MONZONrrE 
(JURASSlC)-Stocks oi ptnklah.gray coarse· 
9Talll(!d rock. Locally associated with 
TTlIneraliZllIlCm. Daled lit 140, 148, 149, 149, 150, 
153, 160,161 , 161. 178. 185m.y. 

Sedrmentary rocks (lD.wr Pe-rmaan iIInd Upper 
Pennsylvanan) '-"<OOSI5tS d Eptap/"l DoIomIle 
(Lower PelTT"lllln), Cotina urneslone (l...ower 
PerTfU<ln), and EArp Formallorl (I..owt!r PerTBan 
<'Iond Upper Pe~rMn). undilferenti<'lotoo 
Epttaph DoIomte 15 a dark· 10 light.gray sII!jltly 
cherty dolomite. ~mestone , marl, siltstone. a nd 
!ypsum, 120-2!1l metal'S tiuc:k. CoiM umestone 
is a medium grat.}, thick·bedded, ~rW!Y cher1y, 
and sparsely 100000000ftOU! limestone 12Q.28J 
~en; thick. Earp F()rlT\o!lbOrll5 a poW·rt!d 
!iilrstone, mudslOf'll! , sl'We, and limesTone, t2().24O 
lTWIen;thlck. 

Horqutlla l..imestone (Upper 11M Middle 
Pe....-.sytv.,rian)- lqlt.pinkM.grav, thick· 10 ttun· 
bedded, cherty, fOS5iliferous ~tone aM 
Inlercal.atal pak-brown to paIe.reddist\.gray 
sikSTone thitt increases in /lbundance upward. 
T ypicaIy 300-490 meten duck. 

SEDIMENTARY ROCKS {MISSISSIPPIAN AND 
DEVONIAN)- Coosisrs mairYy 01 Escabr06<'lo 
1.Jmestone (~)-1ocaIIy (Armstrong 
and SiIIx>rrn<'Ion, 1974) caBed Escabrosa Group
and Ma.rtin FormohOO {lipper Deuonianl, 
undilfert!ntlatal. In part d the Ounc:ahw 
Mountains also includes PIIr<'Iodise FOlTl\!!ltion 
(Upper MlSoSl55lpplilTl) and Portal Formatxln 01 
Sabins,I951a(lJpper~n). lntheuttle 
Dragoon Mountains lind some adj('Iocent hills also 
mcludes Black Ptn::e ~one, whose !aWl<' 
and correlation $how 5.troogeSf llffinities ~Th 
~n roc~ but wheh may include some 
Pe~rMn roc~. Escabrosa l.ime:stone is a 
nwaum.gray, ~ to thick-bedded, commonly 
cnnoidaJ. chl"ny.loseiiIerous timestone 9().310 
meters Ihlck. Martin Formarioo is thick· 10 thin
bedded, !J"llY to brown doIomte, gray sparsely 
10IS5iIifer0us, and 5Ome. siltstone and s.'IT'dslone, 
9().120 mett!TI thick. Paradise Formation is a 
brown..lossiIiferous,shaIy~tone. PortaI 
Formotion 1111 black IhIIIt and limestone 6-1a5 
meIer' d\ICk. Black Prioce Umestone 15 piniUsh· 
grtly 6matone ...,th a ba.saI !Ih<'IoIe <'Iond chen 
conglomerate, oS mu:h;u 52 mett!rs thick. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRlAN):-B Paso Umes!one 
(~ Ordovician and ~ Cambnom), Abrigo 
Formation (\JppeT and Midde Cambrian), and 
~ Qwm (~C,mbnan), 
undifferenrill ted.- B Paso l...irnesIone is a gray, 
lhin-beddt!d cnrny nnntone and dokImile 90 
meters to about 220 meters thick. Abngo 
Formotion is a bfown, thin-bedded f()58iiferous 
~lT"It!Stone, sandstone, quartZIte, and shale, 210-
240 meters tl'lic:.k. 80lsa QuartziTe is a brown to 
v.hite or purpIish.gray, thick-bedded, cearN' 
gnIined QUlIrt zite andlllndstone ""';th a bMaI 
congjomerate, 9().11I) rNlft"S thick. To the east, 
~io..RoIent$ 01 part c:I the Abrigo Formation and 
Balsa Quartzite Me known M The Coronado 
Sandstone. 
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Sedimen!ary rocks (Upper and Mickle Cambnan)
Abrigo Formabort (lipper and Middle Cambri1I.n), 
and Boi6II Quartzite (Middle Cimlbnan), 
unct.fft!A!ntlaled 

GRANITOID ROCKS (PRECAMBRIAN Y):-1Y1anIy 
~te and quanz mQfl$OOlte. unfo5oated 10 
folialed, III part metamorphosed. Generally III 
stocb, which aJwe been i!tle studied. 

P1NAlSCHlST (PRECAMBRlAN X)-Chlonle scrust, 
pt¥iIte, and some met.wolcar'W: rocks, 
mrtaIIokarK rocks. metaquartzrte, m'"6qUllrtZite 
conglomerate, 3nd gneiss. One metaYoicarK rock 
dated al 1115 m.y. 

CONTACT - Dotted where concealOO 

MARKER HORIZON- Doued wt~re concealed. 

DIKES--soo,..,ng dip. 

FAUL TS-Sh00.0.m9 dip. Dotted wNrt! eonct!aled Of 

Lntruded. ball and bar on downlhrown side 

Strike'Mp-Arrow couple sho,r.os relatllll! displacement 
Stogie arrow ~ movemmt 01 ac::trYI! biock. 

ThN$C fauJT - Salllteeth on upper plate 

Incli:nedstrikeao-.:ldlpolboxl!. 

EXOT1C·BlOCK BRECCIA- Rock eonlMls dIP or 
block r.cJu$lOflS 01 rock diffl!T('nt from lhose 01 
host or other bIoclunem,y. Typil:.allyolvolc.atlc· 
tectonic or sedimenlary-Ieclonc or9n; txcludn 
T vmary megabrRCeta dllpositL 

Silt 01 well or genmlired SIte 01 several web, showing 
unit J)l!l'll'hatoo, if koown, and <XPlh of well. In 
feet. 100 IHt equa15 30.5 melert.. 

COl...L£CllON SITE- Radiogenic4!ly dated lock 
~ age In ITll llions 01 INan. Query befort! 
5Y1nboI where preclH location uncertillin. 

Dump sample location 
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Geology adopted from Drewes , Harold, 
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Geology 
OLDER OR UNDIFFERENTIATED SURFICAL 

DEPOSITS (HOLOCENE TO OUGOCENE) 
GrlJ\If!I, sand, and sill (Plmlocene and Riocene
Mamly allvvium 01 basins; indi.XWs some 
colluvium and landslide deposits. Generally light 
pmkish gray, weakly mduraled, and with poorly 
rounded cIMt.s; locally wen indurated. 1nickness 
sewral nwumi 10 hundreds 01 melers. 

Basalt (P\eislocene to Pli«ene)- l..<Iv<I I\oo.ws. 
pyroclastic rocks, and 5OI'Tle interC1l~led gravel. 
ThickneM sewralnwlers to ill few hundred TTlI.'Iers 
In fT105t places. R3diomelrically dated 31 025, 1 0, 
aoo 3-2m.y old 

Extel'l$ll.le ",nde$lle and dacIte (Miocene and lippt'I' 
OIigocene)- Lava 1\oIus, ~OC1ashC rocks. some 
Inlercwted ~IaStlC rocks. and dikes. Mostly 
gray, fit"oe-gralned, porphyntIC rocks. includes 
some very COiIrK feldspar porphyry andesite 
IT urkey track porphyry. an 1Of0flT'0iil term 01 
Cooper, 1961) n...c~lT'IOStlyseveraJmeters 
to ~ II!I15 01 metl:fs. Dated at 24, 25, 27. 33, 
IInd39my 

Ex t1"\l5l11e rhyoIite.ll;-,d ~ue (Miocene and Upper 
OIIgocene-La~ ~, welded ruff, pyroci.»tlC" 
rocks. and 5OO"IIil ir1!ercalal~ epidasric rocks 
l.J!t'!t-gr.ty 10 graylsh.pmk , ..."nc 10 fine.gralned, 
porphynbC <AmmonIy a lew tens to,) a lew 
thousand 01 meters duck. Dati!d al 23,24, 25, 26, 
26, 26, <snd27 m.y. Ar1lKk1illOOiilwtl!of47m.y.1f 
.subslallMled, may Indicate the presence 01 
&x;me rotks III the lower mm\bn of me S 0 
Vok.v.:s 01 Cochise Co 

L..ou.oer coogiomeTate, grweI, lind !oIInd (OIigoce~ and 
&x;e~'))-AlkMum, commonly gr"YiSh.roo 
deposits oI.sma11, weD rourded, nonvo6carw: 
clasts. Mo5dy wveral meters to a lew tens ri 
meters thick. 

UPPER CORDlU.ERAN (LARAMIDE) IGNEOUS 
ROCKS (LOWER PALEOCENE):-lower 
VQi<;"rK rocks-Rhyolile to I!rldeslle!.wl! flows, 
pyroclMrc rocks, and !OITW! Ir'IlercaJa.tad eptC0stIC 
rocks. ~ti'd at 57 m.y. Possibly VOUll9Cr age 10 

MAIN CORDIllEMN (LARAMIDE) IGNFOUS 
ROCKS:-Porphynbc and apiltlC Ir'ItlUSNe locks 
(Pa.Ieoce~ "nd l..IppeT Cretaceous) t>1ostly laritx: 
porphyry to &clril:. por"hyry In small stocks arod 
plugs lind apl!tx: botbes 001 assoclillw With other 
grarliloid slocks. Dated ill! 61 , 63.63,64, and 65 
m.y. 

Fluidllecl ;1\[lUsIIJe ore(cLII c)(a([ age unknown, but 
penet rates. and thus younger than Un(ko Sam 
porphyry 

Rhyodan[(' [uff and welded ruff Includes parts 01 
s"lero FOnTl(\tlon. Su91lrloof Quartl Lahte. "md 
6101X0 VokanK;s, ,mel .. II of Red Say RhYQlIIl!, Cat 
Mountam Rhyolite 1)/ Brown (1939) and Unde Sam 
Pmphyry Includes local mtruSlve bodieS and locally 
(Onlillns fragments of e)(otlC rocks ThICkness 
cOmrnonly several to"'nsol I1l('terS to several 
hundreds of meters Dolted at 66(?), 70, 72. 73 . .'Inc! 
73 m y The Uncle Sam, In the Tombstone ale<l. IS 
dated 72my 

AndesdlC to&citic IIObric brecclll.-Inciudes parts 
01 SoIero Formation, Sug.vkW QuArtt LAme, and 
Bronco Volcancs. and aD 01 Dmwrtrie VoIcal'lCS 
and SiMrbeII Formation of Courtright (1958). 
ConwnorVy Conlaa15 large bb;ks 01 exonc rocks 
lind klcaIy inck.de:s ~ sedmenlaty rocks and 
mtrullVe rocks. ~ te050I meterlto 5eVI!rai 
hundreds 01 metetsthic:k in most placn. 

Lower qUllrlZ monzonite and gUlooc:llonte - lncludes 
some quartz diont!!. appears.n small 5tOC~ 
l<M:aily assoCIated WIth ml!Wf;,!lzatlOll D"ted lit 70, 
71. 72. 73. 74. 74. 74, and 76 m.y. The Schtelll.n 
grDnodorlle oil Tombstone \5 72 m.y, 

Roads and Highways 

"-.. Drywash 

+H-4;--.++i+t+ Southern Pacific Railroad 

Explanation 

f~-;-:·-;O:-=:1 
I. , -Jo' , 'I' 
G_:"~!...:"-~!......:. 

.----, 
1 MO. ! 
L ______ . ..J 

BISBEE FORMAnON OR GROUP, 
UNDIFFEREI'fTlATED (LOWER 
CRETACEOUS):-lJpper part of Bisbee 
Form)licJr1 or Group, unditferent0ted. aM iclat~ 
rocks.-1nducIes upper pan 0I8isbee Formation, 
Mural ltmestone. Morita, Cinlura, Willow 
Canyon, Apache CIInyon, Shellenberger Canyon 
and Tumey Ranch FOrmatlQfl5 {not 6stw in 
stl?ltigraphK: 5e(J..lence) 01 the Bisbee Group, 
AmoIe ArkOie 01 Bryant and KmlUson (1954), "nd 
Angelic ArkO:So:' Consists 01 brOwTlisn- to reddish· 
Mkose, gray siltstone, sandstone, conglomerate, 
and 5O!Tle fO$$iliferous gray bmestone. Commonly 
seveTl'II hundred rnetersthick 

GRANlTI:: AND QUARTZ MONZONITE 
(JURASSIC)--StOCks at Plnklsh-grolY coarse 
grained rock. Locally MSOClllted With 
rrunerahzatlQfl. [4led al 140, 148, 149, 149, 150, 
15..1.I60,16I,167, 178, l85my 

Sedimentary rocks (looNer PenTllan lind lipper 
Permsyl\RIl"'ian)-cOOSlSt501 Epitaph Dolomite 
(l..ower Pvrrntan), Colina urnestone (Lower 
Permian). and Earp FOI'TTIi'Jlion CLOWN Permian 
and Upper Pe~rlan), undifferentiated. 
Ep,taph DoklrTlte isa dark tolight-9f.'lYslgtlly 
cherty doiomte,limutone, marl, siltstone, a1"id 
gypsum, 121).28)meter$ thlCk,CoIuilI l.ime:stOfl(> 
is a medium grlllY, lhic:k-bedded. spi'l rselycherty, 
and spar5dy f~ bmatorw J.2O.2a) 
melers thick. Earp FormatIOn IS II paIe·red 
stItstone, mudstOOl!, 5haIe, and limestone. 120-240 
metersthir::k. 

Horquilla umestone {lipper and MKkiIe 
Penns~rAan)-l.ighI ·plnki5h-9f.'lY, thick 10 thin· 
bedded, cherty, fOSlibferou& limestone and 
intercalzltoo paII!·brown 10 pale-reddish-gray 
sihstone dat tncreases In ilbundanc:e upward. 
TypicaIIy:J))49(lrnete:rsthJck. 

SEDIMINT'ARY ROCKS (MlSSISSlPPIAN AND 
DEVONIAN)-Con5ISls matnly 01 Escabrosa 
Limestone (~n)----IocaDy (Armstrong 
lind SiIlermlln, 1'174) called Escabrosa Croup--
..,nd Mum Formallon (Upper Devonta.n). 
unditferentilltoo In pan 01 the ChiricahUll 
MountaInS also tncludes Paradtse Formanon 
(LIpper Missis~n) and Portal Formation 01 
Sabms, 195711 (Upper Devoruan). In tMe uttle 
Or.tgooo /Y\ountains and. some <td.!acent hills also 
IrcUies Black Prince Umeslooe, who5e Riuna 
and correlaoon ~ strongest ciliinlbes With 
Missis6ippian rocks but which may include .some 
P~rocks.Escabrosal.Jmestonel5a 
medium-gray, massive to thick-bedded, commonly 
cnrod&!, cherty, fossililerou5limestone <JO.310 
mett'n thick. Martin F(JrTrl;,.tion is thick· to thin 
bedded. gray 10 brown doIomile. gI?ly spi'l rsely 
fOSSlhferous. and ~ siltstone and sarxhtooe, 
9Q.120 meters thick. Paradise Formation is Zl 
brown, f06Siliferous, shaIy imeslone. Portal 
FormatlOll ~ a ~k WI.! ~rod '~t~ 6-105 
melers thick. Black Pnnce Umestone is pinkish. 
gr.tY limestone "";th a basal shale omdchert 
congiomer.,te, ..s much as 52 meters thick. 

SEUIMEl'ITARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CM1BRIAN):-El Paso Urneslone 
(Lo.uer C>rdooncian and Upper Cambrian), Abngo 
Formation (lJwer lIrod MidcIe Cambflilln), and 
BolslI Quartz (Midcle Cambrian), 
undiHerentiated.- El Paso umestone IS II gray, 
thin·bedded cherty &rnestooe and dolomite 90 
meters 10 about 220 meten thick, Abngo 
FormatlOfl is a brOONll, thin,bedded fossiliferous 
limestone, sandstone, quartzite, lind 1haIe, 210-
240 meters thick. BoIsa Quanz3le 15 II brown 10 
INhile or purpish.gray, thick-bedded, ccwae. 
grilltled quartZltean:i sandstone INIth II basal 
conglomerate, 9O-IM meters thick. To IN! east, 
equtvalents 01 part r::J the Abrigo Fonnahon lind 
BoIsa Quarttite life known lIS the CoronlIdo 
SancktONl. 
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Sedimenwy rocks (Upper and Mickle Cambnan)-
Abngo FormatIOn (Upper and Midde Cambrian). 
lind Bdsa QuartZIte (Middle Cambnan), 
undifferentiated 

GRANITOID ROCKS (PRECAMBRIAN Y)'-Mainly 
grancxbonte and quartz mon5OOlle, udoliated to 
foliated. in part metamorphosed Genen\lly in 
stocks, which 11M been ~nIe Studied. 

PINAL SCHIST {PRECAMBRIAN X)- Chionte sctust, 
phy5te, and SOfl""Ie met;.wolc.a..;: rocks, 
metllVOlcarw:: rocks, metllqullnzite, metZlquanzi te 
cor9ome'rate, and !JfWIS5. One metaVQi<;aruc rock 
dated at 1715 m.y 

CONTACT - Dotted ....tIer!! concealtd 

MARKER HORIZON- Dolled where concealed. 

DlKES-Sho.vmg dip. 

FAUL TS--ShovJIng dip. Dolled ~ concealed or 
Intruded; baII .. no:! bar on d~throvm SIde 

Strike·slip Arrow couple shows relah~ displacement. 
Single atTOW snows movement oIacttw block. 

Thrus! fauh-Sa\.VIeeth on upper plate 

Inclined strike and dip d beds 

EXOTIC-BLOCK BRECCtA- Rock contaInS chip or 
block \IlClusaons 01 rock different from those of 
~tOl' other bIoc::kI nearby. Typicallyolvobnic· 
te.:loruc 01 sedimeniary-lect()fllO; ongm; eltCludes 
Tertl3ry~recaadeposlt~ 

Sile 01 well or generah.zed sile ol5e'JCral wells, ~ng 
Ul"llt pl:'Tletratoo. if kflQVoln, and ck!pth of weU, m 
leet IOOleeleqUllls30.5melcrs 

COUEcnON SITE- Radiog(!nically dated rock 
showing age in IflIl1iorn; of yeaT$. Query befor(! 
5YfflboI where precISe locahOl'l uncertain. 

Dump sample location 
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Geology adopted from Drewes, Harold, 
1980, and Newell , R.A_, 1973_ 

By James A. Briscoe 
James A. Briscoe and Associates 
Tucso n, Arizona 

Figure 10_ Dump sample location map showing area of influence 
boundaries and the Ajax, Prompter, and Horquilla 
faults, from Newell , RA., 1973_ 

Distribution pattern for high molybdenum ratios in 
dump samples (in red) . 
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Geology 
OLDER OR UNDIFFERENTIATED SURFlCAL 

DEPOSITS (HOLOCENE TO OUGOCENE) 
Grave!, sand, and silt {P\ctstocene and ~ne
MaanIy alh.Murn 01 basins; mcludesSOfTW 
CODWI1"ITl and landslide deposits. Generally ighl 

pinkish~,~klyltldunr.ted , IIrv:i'N'l,nlXJOl'fy 
rounded clMt~ locaDy weD muratoo. n..:~ 
!oeU(!1a1 meteB to hundreds 01 meler5. 

&sall (P\eI!,loceM to P'Docene)-Lava f\oo.I..o5, 
p;roclastx: rocks, and $Oflle mleKalaled gJ1IwI 
1luckness wYeraJ meTers 10 IJ few hundred meters 
10 fTlO5l places. R2Khomelncaly dated at 025, 1 0, 
and 3.2 m.y ok! 

Exte05lVe andesite and daCIte {Miocene and lipper 
DIIgocelllil'l- Lava flows, pyrCC1ast1C rocks, some 
intercalated epiclasnc rocks, and dikes Mostly 
gflly. fme.gr.uned, porphynbc nx:~ InCludes 
some vef\l coarse feldspar porphyry aMe!iite 
(Tumey track porphyry, an mlormiiI term 01 
Coopeor.I9(1) 1hM::koess mostly several meters 
to sever~ tens d meteB. Dated al 24, 25, 27, 33, 
and 39m.V. 

Ext~ ~le and rhyookite (Miocene aoo Upper 
()6go::ene-u,~~, welded rufl , pyroclastIC 
rocks, and 5OITIi' I1terc:<!l<lled e~la5nc rock$. 
~t-~y to grayish PInk, "';Inc to 1ine1ll"'med, 
porphyritic. Commonly II few teM to II few 
thous<lrd 01 meters thick. Dated at 23, 24, 25, 26, 
26,26, and 27 m.y. An ~ dale of 47 m.y .. If 
5UbsUl.ntJaled. may .ndica!E: lhe presence 01 
f.ocenI> rocks in tke lower member 01 the SO 
VoIcal"llCS of Coctu~ Co. 

~ cao<jomeTale. gravel. and S3nd (OIigoceT'lll! and 
Eoc.eoe?}-A!h.Mum; commonly graylstNed 
deposits of small, ....d rounded, l'l()ft'JOlcaric 
clasls_ Mostly several melers 10 a lew tens ol 
metersttuck. 

UPPER CORDlLil.RAN (U\RAMlDE) IGNEOUS 
ROCKS (LOWER PAlEOCENE):-l.D.wJ 
YOIcaric rocks-Rhyolite to andesite litvd !'lows, 
PYT0clasnc rocks, and ~ IIlteTCalatOO I!pClasnc 
rocks. Dated I'It 57 m.y. ~ younger ~ \0 

MAIN CORDllJ...EkAN (LAAAMIDE) IGNEOUS 
ROCK&- Porphynnc and I'IplillC IntrusM! rock5 
(PaIeoceT'lll! and lJppeT Cret~eOU!i)-Mostly lallric 
porphyry to dacltlC porphyry In small stocks and 
piU9S lind aplitic bodies nol as5OCIo1led Wllh otlwr 
grarllod ItOCks. D.lled "I 61, 63, 63, 64. and 65 

Flutdl~ed IntrusIve brecCIa exact 1Igt' unknOWn. but 
penelrllies. dnd thus younge. than Uncle Sam 
pc)fphyry 

Rhyoda(up luft and ~Ided tuff Includes p;.ns 01 
5.lk>IO FormatIOn, Sugarloal Quar!! LaWe, and 
Bn)no:o VolcaniCS, "nd all of lWeI Bay Rhyohtp, Cllt 
MountaIn Rhyolite of Brown t 1939) <'Ind Uncle Sam 
Prophyry Includes Iocdllfltn,lSM:' bodIeS and Iocl'lily 
contains Irit9~nts of pxotl( lock .. nllckJ1(>Ss 
commonly -.ro1.l tens of meters ro sevellll 
hundrt!d$ of mer ... rs Dated al 66(1), 70, 72. 73. and 
73 m.y. The Unck> Sam, ,nlhe Tombslone /lrea, IS 
dared 72 m.y 

Andeslric tod.xiric -.dcaric brecCIII. InclOOespar1S 
d SoIero FormatlOn, Sugarloaf Q.mnz u,nte, and 
8roflCo VoIcal"lCS, and aD d ~tne VoIcat'ICS 
and SilYetbe1l FormatlOO d Courmgtll (1958), 
Corrmon/y COfItarns large blocks d eltOtic rocks 
and locaDy IOCIudes some sedimenrary rocks and 
I'Itl'USJVl! rocks. ~ tens of rTWten to sewr31 
hundreds of l'I"'Ieters thick in most places, 

Lower quarl~ monzonite and graochonte- Includes 
some quarlz dlOl'1le: appears In smaU stocks. 
Loc.,lly ..sson.'lted with mll'K'ralizallOn Datl"d III 70. 
71. n. 73, 74. 74. 74 ... lIld 76 m.y. The Sctu...fflin 
gTi'lnodortle al T ombslone IS n m.y 
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B1SBEE FORMAll0N OR GROUP, 
UNDIFFERENTlATEO (LOWER 
CRETACEOUS) - lJpper part 01 Bisbee 
FOTTnIInon or Group. undIfferennated, and related 
fock5. - JncIudes upper parI 01 Bisbee Formanon, 
MuTllf lJmi"stone, Manta, Ginrura, Willow 
Canyoo, Apac~ Cmyol'1, Shelknbefger Canyon 
and Tumey RIInch Formanoos (nol uted 11'1 

straograpNc ieq\Rnce) 01 the ~ GrOUP. 
Amok! Arkose d Bry;oont and Kinruson (1954), and 
Angdic Mote. ConSIsts 01 browntsh· to redchsh 
arkose, gray siltstone, sandstone. conglomerate, 
and some fossiliferous gray limestone. Commonly 
sever31 hundred meters ttuclc 

GRANITE AND QUARTZ MONZONITE 
{JURASSIC)- S!ocks 01 plloosh-gray coarse, 
gramed rock. Locally il$SQCialed With 
mioer;,li~tion D.lted a! 140, 148, 149, 149, 150, 
153, 16O,161,161,178,185m.y. 

Sedi~ rocks (Lower Pernvan and ~ 
PellNy'!varaan)-cOOSlsts 01 Epltapil DoIomte 
(~Permian), Colina U~one (Lower 
Permian), and Ez,rp FormallOfl (l...oo.uer PmnIan 
and Upper i'eorJSy!-orian), wtdifferenllo'Jted 
Epitaph Dolomite IS a dark· 10 light.gnty sIigltly 
dwrtydolornte, limestone, TNri, 5Iltstone. a'lrl 
gypsum. 12(1.28) meters rtuck CoIi1'\/l umestone 
is a medium gray, ttuck-bedded, spilr5l!!y clwrty, 
and sparsely fossiliferous limestone 12().2fKl 
meters duck. EIIrp Formaboo IS a paW·red 
siltstOfte', mudstone. shak>. and limestone, 12().240 
metersrhick. 

Horquilla umestone (Upper and Middle 
Pennsylvarian}-Ughl.prnkah.gray, Ilvek· to thin· 
bedded, ch2rty, fossiliferous &mestone and 
,merc.alated paIe·brown 10 paIe·reddish.gray 
Siltstone that mcreases In abundan«' upY>0ro. 
T ypicaDy 300490 melers thick 

SWIMENTARY ROCKS (M1SSlSSIPPIAN AND 
DEVONlAN}-ConSIsts millnIy 01 Escabrosa 
Umestone (Misssslppllln)-locaJIy (Armstrong 
and Silberman, 1974) <:aIIed Escabr05<l Group
dnd M¥\in Forffi/ltion (lJpper Devonian), 
undifierenMted. In pan of the ChrncahUit 
I'-iountamsalso IIlCloc.'k!s p-~ FOrmation 
(Upper Mls5is.slpplan) and Ponal FormalJOn 01 
Sabins, 1951a(~ ~n). InUwultle 
Or;,goon /'.1ountllins and some N:l)acenl hils IIIso 
includes Black Prmca umestone, whose fauna 
and cO!'Tdahol1 show SITOllgeSt affirubes with 
Mississi~n rocks but which mtly mcJude some 
PemsyIva~n nxks. Escabr05il UmestOlW is a 
nmum.gray, ~ to thlCk.ooddi"d, commorVy 
cnTlC*!af, <:neny, fossiliferous bmeslOoe 9().31O 

meters llu:k. Mattin Formarioo is thick to ttun· 
bedded, ~ to brown dolomite, gray spaneIy 
f055lltfflOl.llii, and some siltstorw all(! 5<)ncislone, 
91).120 meters thick. Paradise Format:iol1 is a 
brown, fossibferous, 5hIIIy limestone. Portal 
FOfmiIllofl is a bl.xk shale lIrd in'leSfooe 6-1~ 
meters IIlICk. Black PrInce Umestone IS pcnIush. 
9I<'Y~UJll'withabissbl ~~ndcherl 
<:~!e,..s much as 52 meters thack. 

SELJIMENTAAV ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRlAN);-El Paso Umestone 
(Lower Ordow:lan and l.JppeT Cambrian), Abngo 
FOfma\JOl1 (t,.Ipper and Middle Cambri.:ln), and 
BoIsa Quartz (Middil" Cambrian), 
undiHerentiated,-E1 ~ Umestorw 15 a !r.'Y, 
thin·bedded cnerty imeslone and cklIomite 90 
meters to about 220 meters thick. Abngo 
FonT1i;1\J011lS a brown, thin·bedded f~eroos 
limestone, SIIndstone, quilnzite, and shale, 210-
240 meten thio.::k. BoIsa Quartille is a brown to 
whitp ()( purpish-gray, thick-bedded, COIIrse· 

grained qUilflilte and 5andstone u,IIth a basal 
canglornerate,9().llllmetprsthick. To the eas1, 
equivalents oi pat! at the Abrigo Forrnanon ard 
BoI$iI. Quartzite are known as the Coronado 
Sandstone. 
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Sedimenta I rocks (Upper and Middle Camboan)
Abngo iorrrooon (Upper and Middle Cambrian), 
and BofSll Quattzit ... (Middle Cambnan), 
undJlferentlated. 

GRANITOID ROCKS (PRECAMBRIAN Y):-Masnly 
grimexilonte ilnd quartz mon$Onlte, unfobated 10 
foliated, in part melaf1'lQrphosed. Generally In 

stocks,whlchahvebeenbttlestuWed. 

PINAL SCHIST (PRECAMBRIAN X)- Chlante schist, 
phyllite. and some metavolcaric rocks, 
meUlvolClIIIIC rocks, metaquartllle, metaquartZlte 
conglomerale, .one! gneiss. One metavoicanC rock 
dated al 1715 m.v 

CONTACT- Dolloo 1OIher~ concealed 

MARKER HORiZON- Doued.....here cQflCealed 

DIKES-ShOWIng dip, 

FAULTS-ShowIng dip. Dolled where coocealed or 
Intruded; b.:ill dnd 00. on doumthrown side 

Strike sliJ} Arrow <:ouple shows rOOtJVt'! disp0cement 
Single arrow shO\.llS rnovm'Ient 01 acllve block. 

ThnJst fau!t - SaWlef;th on upper piIIle 

Allhcline. 

Syncli ...... 

InduM:d stnke <.IIld cbp 0( beds. 

EXOTIC·BLOCK BRECCIA- Rock <:Of1tlWlS d .. p or 
block IflClusions of lock difierenl from those of 
hosl or otner blocks nearby T ypolIyoi voIcal'llC 
teclonlC or sedimenlary.tectonc:: ongrn; excludes 
Terliary ITleg.lbrecClo'l deposits. 

Sill" 01 well or ge~ud site of several weIls,.sno..nng 
unrt penetT<.\ted, II' kOO\NTl, lind depth at weD. In 

fcer. 100 feet equals 30.5 meters, 

COLLECll0N SITE- RadlO<je11K3I1y dated rock 
showtng age In nufftons of years. Query belore 
symOOl where precise location uncenain 

Dump sample location 
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Tombstone Development Company, Inc. '~~~""'Ii;;JiiiiilO~~5;;;;;;;iiiiiiiiiiiiiiiiiiiiiiil~~r'- ~ 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell , R.A_, 1973. 

By James A. Briscoe 
James A_ Briscoe and Associates 
Tucson, Arizona 

Figure 11_ Dump sample location map showing area of influence 
boundaries and the Ajax, Prompter, and Horquilla 
faults , from Newell, RA, 1973_ 

Distribution pattern for high molybdenum and zinc 
ratios in dump samples (in red)_ 



.-------------l 
I T. ! L _________ J 

r·-·-···---------

i Tic ! 
L ___________ J 

[---------, 
I K; b ' L _______ J 
r--------l 
L ___ ~: ____ J 

Geology 
OLDER OR UNDIFFEREtmATED SURFICAL 

DEPOSITS (HOLOCENE TO OUGOCENE)'
Gr.svel, S<l rld, ard sit (Pletstocene and PIioc.ene
MaInly alluvium 01 basins; II'ICIudes some 
colluvium and bndslide depo5lts. Ge~ light 
pinkish gray, weakly indurated, and \AllIn poorly 
rO\rlded cm,,: 1oc0lily _0 lOd~ted TI.;kness 
SoeV('T(II meters to hlrodreds 01 meters. 

Basalt {I'k!osloceroe 10 PIiocene)-Lwa flows, 
pyrociMnc. roclu. aod $Of1'1e IOt~ted gr.wel 
ThICkness several meters. to a lew hundred meten. 
In rnosI pilII;es. R&diorne1nc.a1y dated at 0.25, I 0, 
and 32 m.y. old 

Extensive andesite .. nd dacite {Miocene and Upper 
Ohgocene)- t..M,. flows, pyroc~ rocks. S()I11e 

inlen:al.'Jroo epic:1asric rocks, and dikes. Mo5IIy 
gray, 5rw.gr;med, porphynbc rocks; InCludes 
~ wry coarse feldspar porphyry andeSITe 
(Turkey track porphyry, an infOl'Tl'lo!l1 term 01 
Cooper, t96l). 1lwckness mostly sever'" meters 
tOSEM'ra1 lerosol meters. Dated at 24, 25, 27, 33, 
and 39 m.y. 

ExtnlSl\le rhyolite ",nd rhyodaote (Miocene <'Inel lJppe. 
OIigocene- uMll\oI.us, welded ruff , pyroclasnc. 
roclu. and some IIltercalated ~lasuc rocks. 
lighl~'O~·pink. vilrit: tofine-grained. 
porphynoc. Commonly a few lens to a few 
thousand 01 meTers duc:k Dated 211 23, 24, 25, 26, 
26, 26, and 27 m.y. An iddIllooaI w le of 47 m.y .. J 
substant:iClled.m;.tyindJcalethepre:;enceot 
Eocene rocks in the IcN,.Ier member 01 the S 0 
VoIc;ar-.cs ol Cochise Co. 

Lower conglomerate, gravel, .11M MM (Oligocene and 
Eocene?)-Alluvtum; commonly grayISh.red 
deposits of SI'll3II. wei rounded, rl(JfI'o.QIcaBC 
clasts. t-btly several meters 10 a lew 1fms 01 
metml ,hx;k. 

Uf'Pt.K COKOIu.ERAN (lARAMlDE) IGNEOUS 
ROCKS (LOWER PALEOCENE):-Lower 
vobric rocks-Rhyolite to anciegte 1."va Bows, 
P'I/TtlCIasIIC rocks. aod 5Or1"'! 1I"I1en:alaledepclo1.5oc 
rocks Daled al 57 m.y. Pos.sibIy younger age 10 

MAIN CORDlLlEf<AN (lARAMIDE) IGNEOUS 
ROCKS.- Porphynnr: 111M aplitlC II"Itru5lve rocks 
(P<Ueocene and Upper Cret<w::IWUS)- f\.1o§t!y ~IlfK:. 
porphyry to daotlC porphyry 11'1 SIl'Io'III5tocks aM 
~ and aplitic bodies not associated INllh other 
gnu .. tOld stocks. Daled I:1t61. 63. 63, 64, and 65 
m.y. 

FIUlclized ,"IrUS~ bu:ccJ<) e)loKl dgl' unknown. bul 

penelral~. and Ihu$ youngel than Uncle Sam 
porphyry 

Rhyod.!lC"lle tuff and welded tul' 11lcl~ J)<IrlS 01 
$.1~o FormatIOn, Sugarloal Quartz lallie. 'l!Id 
Brono:o VolcAnICS, anclall 0/ Red Bay Rhyolite. Cal 
Mouma'''' RhyoI,te of Brown (1939) aM Uncle Sam 
Pruphyry. 11l(1~ localll'11 ru$l~ bodres and locally 
conlamslr<tgmenls 01 exolrc locks TIlIckness 
commonly ~ral tens 01 meters to !iioINI/toll 
hundreds 01 melers. Dated .III 66('). 10. n. 13. and 
13 m.y ~ Uncle Sam. In lhe T~rone area. 15 
daled n m.y 

Andesiric to daciric Idcaric bn!cc", - locUM!. parts 
01 Soiero FOfTT"IiltvJn, Sug;moai Quartz Lable, and 
Bron::o Voica rics, and all 01 Demelrie Vobril:$ 
aM ~rbeD FonT'IatvJn 01 Courtnght (1958). 
ConvnonIy contaarn; large blocks of e)loOC rocks 
arv:i IocaDy includes some se<imeNary rocks and 
tJltl'\l5lllerocks. Sewt-a1 tens at meters losevefal 
hundreds 01 meters lhit:k in rrosl pIlIIcu. 

l OlWr quartz monzonite ,mel graodlonl il- inciudes 
~ quartz chonre. appears In small STOCks. 
Locally <'65OClilted with mineralizatIOn. DaTed al 70, 
11.71.13.74.74.74. and 76 m,y The Sctllefflin 
gf<loodonte al Tombstone IS 71 m.y 
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BISBEE FORMAl1QN OR GROUP. 
UNDIFFERENTIATED (LOWER 
CRETACEOUS):-l...Iwe'r pari 01 Bisbee 
FOI'11\i'Irion or Group, undifferentiaTed, and rtlatro 
rock.s.-Inc:ludes Uppel part 01 Bisbee FOrmation. 
Mural umes!CIfIoIi!. Morita, Cintura, Wll\ow 
Canyon, ApacM Canyon, SheDenbeJger CanyOn 
and Tumey Ranch FormatIOnS (not listed In 

slra~ptuc .sequence) ol the Bisbee Group, 
AmoIe Ar~ 01 Bryant and Kmnason (19541. and 
Angelic Ark()5ll! ConsIsts 01 brownish· 10 reddtsh· 
arkose, gray SIltstone, sandstone, conglomerate, 
and some fossiliferous gray limestone. Commonly 
several hundred meters thtck 

GRANITE AND QUARTZ MONZONITE 
(JURASSlC)-Stock.s of pmlush-!Jr.'Y coarse· 
grained rock. Loc:aIIYas5OCliltedlNlth 
rrw-oera.hzahOn. eMtt<.! at 140, 148. 149. 149, 150, 
153.160, 161, 167,178. 185m.y. 

Sedimentary lOCks (Lower Permian arv:i Upper 
Pennsyfvarillln}-<OIUI5ts 01 Eptlllph DoIomte 
(l.o.wr Pennan), Colina limestone (Lower 
Pemwml, and Earp Formation (Lower Pennan 
and Upper PelY\~r.anl, unditfer-llnlJated 
Epitaph OoIorrife is., dark· to light-gray .sIqltly 
ckerty dolomite, limestone, marl, saltstOfll', arod 
gypsum, 12().2fl) meters thick Colina iJrneBtone 
IS a medium gray, thtck·bedded, spaniely cherty. 
and sparsely fossiliferoll!. hmestone 12().2Ir> 
meters thick. Earp FOrmatlon 15 a p;.Ue.red 
sil tstooe, mudstone, shale, and imeslone, 12().240 
meters thick. 

lit:orquillaLimestCMle(~rarK:fMiddle 
Pennsy!var.an}--Ught·pul\ash-gray, dllCk· to thin
bedded. cherty, fO$Slliferous limestone ar.:! 
intercalated pale·brown to plIoIe·reddish-gray 
Sil tstone that II'lCrt'3SeS in abundaoc(> upward. 
Typica.IIy.J(D49Jmetl!l'5tnick 

SEDIMENTARY ROCKS (MlSSISS1PPIAN AND 
DEVONtAN)- CorlSISt$ malllly of Esc-abrOlSo.'
Umestooe (~pp,an)-1ocaIIy (Armstrong 
and Silberman, 1974) called E.scabrosa Group
and M3rtin Formation (1JppeT [)eo..oooi,M), 
undifferennated. In pan oltne Ctura.hua 
Mountams also includes Paradise FOrmation 
(Upper ~nJ lllnd Portlill Formanon of 
Sabins. 195711 (Uppel De>..ooniIn). In the ultle 
Dragoon MounrAulS and some ~nl nils also 
Includes Black Pnnce urneslone, whew fauna 
aod c~tlOfl ~ litrOO9CSI affinitie$ u..ith 
Mi<lsis.sippian rocks 001 wNch may InClude some 
PelYl$Vlvarwan rocks ~osa limestone is a 
medium-9l'aY, ITIMSive 10 thick-bedded, canmonly 
cnradal, d'eny, fOSSIliferous timestQIW 90-310 
meters thick Martin F()fTlVItion is thick· 10 ttun· 
bedded, grlllY to brown doIorNte, gnty ~ 
10000000erous. lind j()ffi(> sill5tOOl! and sandstooe, 
90- 120 meters lhick. PlII I7Idi.se Formation 15 a 
brown, louilifeTOU$, shaIy imeslone. Portal 
F~1JJn is 1I black shale and imeslone 6-11li 
meters thick. Black f'nnce umatone 15 puOOsh. 
gray Jirnt:,stonelNllhllbasa.1 shale ar.:!chert 
conglomerate, as lTIuch as 52 meten thack. 

SEl>IMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRlAN1:~B Paso limeSIooe 
(lD.I.oer Qrdoo...,c;lan and lipper Cambniln), Abngo 
Fo.-mation (Upper and MidcJe Cambrian), and 
BoI:sa Quartz (Midcle Cambrian), 
undiffeNntJated.-B Paso Umntooe 15 a gray. 
thin·bedded cherty imeslClOe and doIomitl! 90 
meters to about ZlO meter5 Ihlck. Abngo 
Formation iii a brown. thin·bedded f~erOU$ 
Hmeslone, sandstone, quartzite , and shale, 210-
240 meters thick. BoIsa Quartzite IS a brown to 
white or porpIish~, thick·bedded, coarse· 
grained quartzite and sandstone....;th a basal 
cor9omerate, 9(). ll1) meters thick. To the east, 
e~nt5 of pan of the Abrigo Fom-.atJon and 
BoIsa Qwrtzite are krown 3S the CoroNdo 
Sa.r-.d!.tooe. 

- --- --- - Government Reservation Boundary 

--------- Aqueduct 

A-------A' Cross section line 

I < 

I 
~ 

~ 

r~~-'-~:'~~ 
L __ . ___ j 

t -r--------
--+ 

o (QTgu ) 
1ST 

1 ppm 

1.1 - 2 ppm 

2.1- 3 ppm 

3 ppm 

Sedimentary rocks (LIpper ar.:! MIddle CmlbnanJ
Abngo Formation (Upper and MickDe CambrilllnJ. 
and BoI~ QuartZlte (MIddle Cambnan), 
urdiHerenriated 

GRANITOID ROCKS (PRECAMBRIAN Y) - MalnIy 
grtInodiorite and quanz mon5OfUte, Uriobotled to 
foha ted.," part metamorphosed. Generalytn 
stocks, which ahve been tittle studied. 

PINAL SCHIST (PRECAMBRIAN X)-ChIonTI! 5CM.t, 
phy\hle, ar.:! some I'Tl(>tavoCafllC rocks, 
met,wolcanic rocks, melaquartzite. metaquanzlIl! 
con9omerate, and gneISS, One metaYOkarK rock 
dIIled",t 1715m.y 

CONTACT- Dotted where concealed 

MARKER HORIZON-Doned where coocealed. 

FAULTS Shoowirog dip Dolled where conc:ealed or 
inlruded: ball ilnd b<lr on downthrown $Ide 

Strike·slip-Arrow couple sho.us re011ve displaceme1'll 
Single a1'TO'.ll shows movement at Kttve block. 

Major Ih1'\l51 fault-Sawtwlh on upP<{T J)l3le 

Thrust /auh- Sawteeth on upper plate 

AllttC~r)(:. 

Inclined stnke and dip 01 beds 

EXOTIC-BLOCK BRECCIA- Rock contains ch.p 01' 

block ,nclusions 01 lock diHercnr from tOOse at 
OO6t Of' other blocks nearby. T~ of YOicaI'lC' 
tectomc 0 1 sedimentary.tcctOnlC 009Jt1: excludes 
Ternary megllbr@cciadeposits. 

Site 01 v..cll or generahzed ~Te 01 several web, ~ 
UTllt penetrated, If known, and depth 01 wen, In 

feel 100 feel equa.1s30.5 roc te,s 

COLLECTION SITE- Radiogerncafly dIIted rock 
sho.I.ting age m m~oons 01 years. Query before 
Symbof .... herepreciselocalionuncel1i!1in 
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Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell, RA, 1973_ 

By James A Briscoe 
James A_ Briscoe and Associates 
Tucson , Arizona 

Figure 12. Distribution pattern of silver in mesquite trees (in red) , 
from Newell, RA, 1973. 



r----------, 

L __ T:_J 
I-----~ 

! TI. I L . ____ J 

Geology 
OLDER OR UNDlFFERENllATED SURFICAL 

DEPOSITS (HOlOCENE TO OUGOCENE):
GnweI, sand, and 5iI1 (Pleistocene and PIiocene
Many aIuvi~ 01 basins; mcludn tome 
coIlMum and landslide deposits. GeneBiy light. 
pWcish gray. weakly Inchnted, and v.;th poorly 
rounded clasl:s; locaIIy.....ell indurated. ThickneS6 
HVmII meten to hundreds of me1era. 

SMaIl (P\N;lOCene to PIIocent'}-Lava /lows, 
pyroclastic rocks. and some inleru0ted graw:I. 
lhickneM $eVI!BI meters to a lew hundred meters 
In most pIotces. Radiometrially dated lit 0.25, I 0, 
Md 3.2 m.y ok1 

Exl~ andntte (lnd ditote (MIooow and Upper 
OIigocel"ll')-Lw.lo fIou,.os., P'ft'()CI.MtJc rocks, some 
lflIercaialed epdiuuc rocks, and cika. Mosdy 
!PY. lDw-granoo, porphyntJc roclu., n:bies 
D'IW: VC!JY coarse IeIdspar porphyry andean. 
CT urkey track porphyry, IIIl ."QITT1/IIIlmn 01 
Cooper, 19(1) lhickne:u ~ ~ meters 
to 5iWfiII tmli d rrwten. Dated al24. 2S, 27. 33, 
ard39m.y 

Extrusiw rhyolite aad rhyoc\aote {Miocene arw::llJpper 
Ot.goce ... -l.ava~.v.oekiedruH.pyroc:la.5bC 
rocks, and some II"Itercalaled epda$hc rocks. 
Ligll1PY to grayLIh.pmk, Vltric 10 fne.gramed, 
potphyribc. CornrnorWy a lew lemlo a 5ew 
thol..u.rv:I 01 meters thick. Dated at 23, 24, 25, 26. 
26, 26, and T1 m.y. /Vl illdditlDnill date ol41 m.y" 11 
aubltantiated,ll"0Yindicble lhepresenceol 
EoctTW rocks*" the lower T1'II!1TIber 01 the SO 
Vok:aricsol Coct-ise Co 

!..ower con9ommote. grWff, ard sand (Oigocene and 
E.oceIW?)--AIuIIIum.c~~·red 
deposalsoiS/'I'WI,\UI!Iroo.rded,l"lOI'MIk:aric 
clasts.. Mo6dy _l11li meters to a IRw tiN 01 
mtter5It.ck. 

UPPER COROU..l.ERAN (lARAMIDE) IGNEOUS 
ROCKS (LOWER PAlEOCENEj'-Lowu 
...aIcarIcrocb-Rho"dile IO~le\;wa~. 
pyrodJstic rocks. and 50mt rllercalale<! epciashC: 
rocks. Dated .Ill 57 m.y. Possibly your19rr 0I9t 10 

MAIN CORDIll.Ef<AN (lARAMlOE) IGNEOUS 
ROCKS - Porphyritic ",1'('1 aplihc IfItN9VC! rocks 
(PaIeoc.I!N! ",nd lipper Cmaceoos)-MIJ5tly !alit" 
~ to dbcitic porphyry III $In.l1\ stocks and 
plugs and aplitJc bodies not MSOCIaled \/JIth othn 
!J'ilTItod siocks. o.,ted al 61, 63. 63. 64, and 6S 
m.y 

fluidized IntrusIVe bre!;!;1'" - e"-OKt "'~ unknown, but 
pel"let(ales. "'00 Ihus youngE'1 lhan Uncle SlIm 
porphyry. 

Rhyodacll~ tuff ,,00 ~d luff - [nclU/ks p.lrlS of 
Salero Formallon. Su9ilrloa.f Quam ullte. ",nd 
Bronco Volcanics. and 411 Ii Red Bay Rhyollle. Cal 
Mount",n Rhyoht~ 01 Brown (1939) and Uncle SlIm 
PrUl)hyry Includes loo::aI intrusive bodies.!loci locally 
Conl<llOS fr~nls 01 ",,,-ollie rocks. Tluc:kl1H$ 
commonly WVftallens 01 melers 10 scwral 
hundrl!ds 01 meters Daled al 66(7). 70. 12. 73. ~ 
73 m y "The Uncle Sarn. in ttv TOITlbslone area. IS 
do3led12 m.y. 

Ardaitic 10 dacitW:: vobric: brecca.-Irduoes putl 

01 SoIero Formotlon. Sug.toaf ()wtz I...atrte. and 
Brorco Vobrics, and .Ill 01 Otme1rie VoIcatia 
vd SiMrbd FOfTTIOltlOn 01 Courtr9lI (1958). 
CorrwnonIycontainslargebklckscleJlOlicrocks 
and D:aIy rduda M:In'W Mdnwnwy rocka and 
intrusiut: rOCks. ~ tCn501TTWters t05of\ler"aI 
hundreds 01 rnel~ thick in fYUt pIaceL 

l.ow\>f QUi)l"I~ monzonite ,md groodlontc- lnduc:Ws 
IOmt quatlZ diorlle; "'ppcan In ImIIII.tockl. 
Locally MSCX""led wnh ITIIrterabzatlOn. D.!lted al 70. 
71 . 12.73. 74.74. 74. aoci 76 rn.y The Schl('lnin 
grMtJdunl" 41 Tombsiont' ~ 12 m.y 

Roads and Highways 

--- Dry wash 

! I I ; II . II ,1++# Southern Pacific Railroad 

Explanation 

~:-::-";l 
i, . -Jr ' ,I 
~!-~W 

[- Wh_J 

[ MO, I 
----' 

8lSBEE FORMATION OR GROUP, 
UNDIFFERENllATEO {LOWER 
CRETACEOUSt.-lJpp8!- part 01 Bisbee 
Formation Or G~, urditferynbaleci, cmd related 
rockl.-1ndJda upper part d 8i.5bee Formation. 
Munol Umntorw. Mont<!1. CmNRI, VJilIuoN 
Canyon, Apache Canyon., Shellenberger Canyon 
and T urrwy Ranch FOI'mi:IDonI (not listed in 
slratigraphic sequence) 01 dw Bisbee Group. 
AmoM MOM d Ek)ant and Kinnison (1954), ",nd 
ArgeIic ArkO$t>. ConsisIs 01 brownish· to 1"1!rldish. 
arltoM. gray .16IOn1, s.andstone. c~all!, 
and IIOfIW foniIifl!fOUS!P)I kmnlone. ~ 
several hundred meters INck 

GRAN11& AND QUARTZ MONZONITE 
(JL.ftASSIC~Stocks 01 pinlush.gray eoani!" 
grllll'led rock.l..ocaDy M60C~led INith 
rr.wraIiUlIJOl'l. Daltd al 140, 148, 149. 149, ISO, 
153,160. 161 . 167,178. l85m.y. 

SeOmenlary rockl (L..owa PITman and l.Jppft 
Pe~MI'I~MSistS d EpitlOph DoIcmle 
(t...ou..r f'tnnan) , Coina Umestone (~ 
~"),and EarpFormatJOn (l.oo.wr ~ 
and Upper ~rian), undifferenaated. 
Eptaph DoIomte iii (I dark· to tdll-grl!1'j ~tiy 
cherty doiorrite, irneMone, ma.rI. silt1lOne. ""d 
!M*Jm, J.2O.2!Il meters thick. Caina l.Jmatone 
is '" medilWn way. INck bedded. sparsely cherty, 
and sparacly ICISIIIUrouIlimeslone l2().28) 

mett'r$tt.:k. Elirp FClmlItion IS a paIe·red 
aihstonl!. mudstor., shall, aoci Mmestor., l2().240 
metersltv:k. 

rbqu.la l..mesIorw (lJppeT and Middle 
~rian)-lighl .pinkish.gray, thlCk. tolhln 

bedded, ehomy, fouiIiIerous lirnesrone "nd 
IflIercoiated ~ bn;:......on to pGIe.rcdchh~ 
siItsmne thaI n:.rea6a in al::udance upward. 
T~.JX).4'Xln.tersthlC.k. 

S£DIMENTARY ROCKS (MlSSlSSlPPtAN AND 
DEVONlAN}-Conetst, mainly d EacabroA. 
l.ma< ... _f--IoaIIy("""""",, 
.",..;ISiIlennan.I974)c.aJed~GrOI.()
and Marm FcnnallOn (Upper Devorian), 
~ted. ;, par1 oIlhe Chaicahua 
Molntains aI80 trdJdes Paradise Fom"olIrion 
tl.lppu MIsmsIppIan) and Portal Formabon d 
Sabins, 1957a (~ Devonian) . ..., the Litrle 
Dragoon MountaIN &rod some acliacent hils alto 
n::1udes Bb;k Prince ~one, whO'R fauna 
arw:l correla.non show.tronge5I affinities with 
~roc:k!;butwl-.chmaylrlClude$OfT1e 
PeMsyNarian rocks. EscabrOM lJmestone 'L5 a 
meciun.gray. rTIM5M! 10 thK:k-bedded. !;orrunurVy 
el1l'lOlClal. cherty, fossilifetOUS &meslone 9Q.JIO 
meters thick. Meol'tlrl Formation is ttuck· 10 tkin· 
bedded. !J".!ly to brown dolomite, gray sparsely 
~ and IOITII siltstone and Mndstooe, 
9().I2OTNrters tt.:k. ParaB. Formaoon is", 
brCNlll.fOll6ilerous..sMIyir"ne6tone. Portal 
Fom\iI.non _ a black ahaII: and lmestone 6-U~ 
mtttrs tBek. Black Prince l.imestone is pinkish. 
graylirouront:wrth a basal &!We and dwn 
conglomeraft',.s much M 52 mett'r$ thick. 

SEDIMENTARY ROCKS (lOWER OROOVlClAN 
TO MIDDlE CAMBRlAN):-El PalO Linatonc 
{l.c:JwftOn;b..oicianandlJpper~),Abrigo 
Fotmarion (Uppu and Mickle Cambrian), and 
BolA ().wtz (Mickle Cambnan), 
~11!d -B Paso lA-nestone is iI fPI"i. 
ttt.n.b«Idtd clwny limntorw and dcIomte 90 
meters 10 abouI220 mdt'r5 lhick. Abr9:t 
FormatIOn is .. brown. ~ IoaiHrous 
limestone. MndstOl'W, qua.rtzite. ~ shale.. 2IQ. 
240 n.terl lhk:k. Bola Quanzite is a brown to 
....nteOfpwplish~.thick-beddcd.co;,ne· 
~ quartZJN and s.andllorw tMlh a bas.aI 
coogionwr .. tc, 9(). UD meters thick. To u. ua. 
~nI' d part d the Abrigo Forma6on and 
Bolla Quartzill: art: known M the Coronado 
&\ndIlOOI!. 

.- - ... - Government Reservation Boundary 

- ---. ----- Aqueduct 

A----A ' Cross section line 

o (QTgul 
lOT 

~ 400 ppm 

401 - 600 ppm 

601 - 800 ppm 

~ 800 ppm 

~ rocks (lipper MId MidcIe Umbnan)
Abngo FonnabOfl (Upper and MicIcIe C.!lmbrian). 
and Boha Qu.artZlle (MidcIe Cambnan), 
wdffertntiated. 

GRANITOID ROCKS (PRECAMBRIAN Y):-Mainly 
SJMlI)dionll and quanz moNOnIle, W"lobaltd 10 
foliated. In part mttamorphoied. GentraIy in 
stoCkI. ~ aM beln ittlc studied. 

PINAl SCHlST (PRECAMBRlAN X)-ChIotile achisl, 
pt,.,.tite,andD1'lt'~nc:roc:ka. 
me'twolcaric rOCks, me~rtzitt'. metbquartzile 
conglorncRllC, and gnaa. One rneUluoiaronc rock 
dated at 1715 m.y 

CONTACT -Ootttd....nm: conculcd. 

MARKER HORlZON-DoIttd ~ concealed. 

DlKfS--_cOp. 

FAUL~dip DottedlAlhereconcealedor 
Intruded; ~ and boT Oft dowrotlvown D . 

N"n"" 

Strike-$kp-.Am7,I.r c~ shoo.w rNtJW dIspLacement 
Srge aflOW.shows I1'lOYt'l'T'Ient c:A actJve bicK:k. 

An"""'. 

EXOTIC·BLOCK BRECCIA-Rock contains dip or 
!*xk ~ d rock diferent from thoM 01 
ho6t Of oUwr bkx.k& nearby Typicaly d vOlcanic 
tectOl'llC or ~T1Iary-tQCtonc ongn: excludes 
T erMry meg.D-eccilI dfposits. 

Sile d wei Of ~zed sile 01 St'WnII IUd$, showing 
unl penrtrated. If known. and depth 01 lAId. 10 
feet . l00feeleQUals30.5nwter5.. 

COLLECTION SrTE-~llICaity dalcd rock 
Ihowing age in miIbons 01 yearl . Query belore 
syn"IboI wlwTe preocise Ioc"'tion uncertain. 
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Geology adopted from Drewes, Harold, 
1980, and Newell, R_A, 1973. 

By James A Briscoe 
James A. Briscoe and Associates 
Tucson, Arizona 

Figure 13. Distribution pattern of zinc in mesquite trees (in red) , 
from Newell , R.A., 1973. 
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Geology 
OLDER OR UNDIFFERENTlATED SURFlCAL 

DEPOSITS (HOLOCENE TO OUGOCENE):
Gravel, ~nd, and silt (PleIstocene and Pboa:ne
Mainly aIlt1llium 01 basins: includes some 
colluvium iU"od landslide deposits. Generally light· 
pinkish gr<.oy. weakly indurlltoo, and "';111 poorly 
rounded clasts; locaDy weU indurated. Thickness 
.sewral meters to hundreds of meters. 

~t (Pleistocene to PIiocene)- lal,l" 1\oI..r.I$, 

pyrodM"'~' and 5OI'T'III! ltIlercaiated ~vet 
llockne5$ raJ melers to a lew hundred meters 
in most pOCe5 Radiometrically dated at 0.25, 1.0, 
and 3.2m.y. old 

EICterosive andesite lind dlIcife (Miocene aM Upper 
OIigocene)-Lava Rows, pyroclastJc: rocks, some 
intercaibled epiclashC rocks, 3nd dikes. Mostly 
gray, fine.grained, porphyntic rocks; includes 
some wry coarse feldspar PIJIl,lhyry aOOesite 
(T uri<ey tT&Ck porphyry, an infOfTTlal term at 
Cooper, 1961). Thackrw» mostly sewraI me1t:rs 
to several lens of melers Dated at 24,:?5. 27, 33, 
and 39m.y. 

Extl'\lSlVe rhyolite "rod rh~te (Miocene and lipper 
Oligocene- laW! ~. welded tuff. pynxLas.tic 
rocks, and 5On"II! nlercaJaled e~ric roc~ 
~1-graytograyish.~,Yltnclofine-grained. 
~DC. CornrrIoNy" lew lens 10 II few 
I~nd 01 melers thick. Dat~ ill 23, 24, 25, 26, 
26, 26, lind TJ m.y. An addiOOnal dale 0147 my., if 
wbstannated. ITWIY 1OCkau: ttw prnence of 
f..oce.ne rocks in rhe lower rl"0nberol rheS 0 
VoIcaric:s 01 Coclue Co. 

lower conglomerate, gr1Ivei, .m:;! sand {OIigoce....e and 
Eocene?J- ADuvium; comtT¥::lflly~·T1!CI 
dePOSI1S 01 mWI, wd rounded, non~1"IC 
cibsts. Mostly _raJ meters to 11 lew tens 01 
melersthlck. 

UPPER COROlUERAN (lARAMIDE) IGNEOUS 
ROCKS (LOWER PALEOCENE) - Lower 
...oIc:a1"lC rocks- Rhyolite toande5iteIrlYIlIlows, 
pyrodllSnc rocks, ,md SOrTll: IflteT'Cdiated epiciasllc 
rocks. Dated at 57 m y Possibly younger IlgillO 

MAIN CORDI1J..EkAN (LARAMIDE) [GNEOUS 
ROCKS:-f'orphyrihc and IIp/.toC ... trllSlve rocks 
(PaIooc:ene and Upper CrelllCeou.~)-MostJy iatl!1C 
porphyry to da!:11lc porphyry In smull slocks and 
pllI!JS "ra1llplitic: bodies 001 ~",!ed "";th othn 
graritoid stocks. Dated ",t 6[, 63, 63, 601, ,md 65 
m.y. 

FIUlchzed inTruSIVe breccla - eXIlCT age unknown, bUT 
penetrales. and thus younger thlln Ull("le Sam 
porphyry 

RhyodiKlle tuU and weldW Tuff. Includes parts 01 
Salero FormatIOn. Sugarloaf Quartz utile. and 
Bronco Vokllmc5, lind lIll of Red Bay RhyoliTe. Cat 
Mount"in RhyoliTe 01 BfOWl'l (1939) lind Uncle SlIm 
Prophyry [nclu~ 1oc31 intrUSl\Ai! bodies 3r'1d k>cally 
contil illslrl)9menl5 0( exo!\c rocks. ThlCkrwss 
commonly ~ral lens 01 meTers TO several 
hu"drOOs 01 meTers DlitOO at 66("') . 70. 72. 73, and 
73 m.y The Uncle 5.1m. III the Tombstone area. 15 

da ted n m.y 

AndesirictodaciticYOlcaric:breccl/l. - IncJuOeSparts 
0( SoIero FOI'TIIabon, SugarioaI Quartz Latile, and 
E\-'onco Voicaric:s, and aI 01 o.m-.etne Volcanics 
and SiIverlIeII Formation of ~T (1958). 
Commonly contains large blodu 01 exotic rocks 
and IocaIy mc:1udu some sedimentary rocks ard 
intTUllVll nxb Sever.JJ tens ol meters to ~ 
hundreds ci meters thick in most pI&ces. 

lowe, quar tz monzonite and graoctionle- [ncludes 
50me quartZ dionle: appears In smaU s!OC'ks. 
locally M50C.a!OO IAInh m'nt'rahzalion Daled at 70, 
71. 72. 73. 74. 74. 74. and 76 m y. The Sdllelnin 
9r.,nodorne oJl Tombstone 15 n m y. 

Roads and Highways 

~ .. -~ - ---- Dry wash 

+ ........ -'-++-t-fi+++ Southern Pacific Railroad 

- -- --- Government Reservation Boundary 

- ------ Aqueduct 

A-- -A' Cross section line 

Explanation 

BIS8EI FORMATION OR GROUP, 
UND!FFERENT1ATED {LOWER 
CRETACEOUS);-LIpper part of Bisbee 
Form.'lOOn CIt Group, undifferent0ted, and r(>\ated 
rocks..-lncIudes upper part of Bisbee Formation, 
Mural Limeslone. Morita. Cintu~, \..\JiIIoo.u 
Cary:ll'l, Apache Canyon, 9-ellenberger Canyon 
lind Tumey Rbnch FOnlllltions (not bted in 
Stnlorigrllophic sequence) of The Bisbee Group, 
AmoIe Mose 01 Bevant and KinNSOTl (1954), and 
Angelic ArkCll5e ConslsI:s of bn)umish. to reddish· 
arkoIe, gray siltstone, sancis1one, conglomerate, 
and some fossililerous gray ~rnestone . Commonly 
5eVImlI hundT1!Cl meters thick 

GRANITE AND QUARTZ MONZONITE 
{JURASSlC)- Stoxks 01 pinki5h-gray coo.rsoe· 
grllined rock. Locally usociat~ with 
minenlitation. D.lted at 140, 148, 149, 149, ISO, 
153, I60,161,167,17B, l85m.y. 

Sedimentary rocks {lower Permian and Upper 
Pemsyhnllilln)--<:onSsls of Epitaph Dolomite 

(Lower Perman), C;.ii~ umestone (Lower 
Pe~n). and Earp Formation (l...oo.Yer ~l'lTlan 
lind Upper Penn~lJi!IriIln), undifferennated. 
Epitaph DoIorrite is a dark· to !ight-gray sIi!tIl!y 
cherty doiomte, ~mestone, marl, siltstone, al"ld 
gypsum, 120-28) met~rs thoe: k. ColIna L:mestone 
ill a medium gray, lhick-bedded, sparsely cherTy, 
Ilnd spi!I1Wly fossiiferous limestone 120-28) 
meters thick. Earp Formation is a pNe'T1!CI 
siltstone, mutbtone, ~, and im£Stone, J20.240 
me1ers thick. 

HorQuiIa limestone (Upper and ~ 
Pemsylvanian)-l..i!j1t·ptnkish.gray,Itw::k to thin· 
bedded, cherty, 10S5i!ifer0us limestone and 
intercalated paIe-brOlun to paIe·redcWl-gray 
siltstone that tnCTe.IlSeS m abundaru upward. 
Typicaly ID490 me1ers thick. 

SEDIMENTARY ROCKS (MISSISSIPPIAN AND 
DEVONW-I}-Coruitsts ITIaInIy 01 fscabro5il 
limestone (Mississippian)- 1ocalIy (Armstrong 
and Slherman, 1914) called E.scabrosa Group
and Marbn Formation (Upper ~), 
undilferentillred. In part 01 me Chincahui'l 
MounIi1ln5 also InCludes Paradise FOITl"\i1tlO11 
(Upper Mississippian) and Portal FCltmation 01 
Sab.ns, 1957a (lipper Devonian). In tne Uttle 
~ Mow1tains aro:l some adJao;mt hiDs also 
incUdes BlK.k Prince Umestooe, whose iliUM 

and comdarion show- SITQ~t affintbes ...... \h 
Mis$issippian rocks buT which may include some 
Pem5yIw.na.n rocb. &;abrosa l..irTwstone is a 
rnediurn-gray. massive to tNck·bedded, comtT¥::lflly 
cnnoicIaJ, cherty, fossili!erouslimestone 9().310 
metersthic:k. Martin FOrmi:)tion is thick· to tnm 
bedded, gray to brovm dolomiTe, gBy sparsely 
f05SilderOWi, and some siltstone and sandstone, 
90-120 meters Thick. PaI'lKfise Formation is a 
broNn, fosstliferous, shaly &meIton!. Portal 
Fonrollon is a bbck shale and 'Tne$tone 6-105 
meters thick. Bla.ck ?nnee Umestone is pinkish. 
gray timestone with 11 basal shale and cnert 
Cor9omerate, oS much /Ill 52 meters thick. 

SE[)IMENTARY ROCKS (LOWER OROOVIClAN 
TO MIDDLE C AMBRlAN):-E1 Paso limestone 
(lDwer Ordo.1cl/ln and Upper Camblllln), Abrigo 
Fonnation (~ and Midde Cambrwm), ",,..;I 
Balsa <).0T12. (Middle Cambrian), 
undifferentia ted.-E1 Puo l.Jrnutone is a !Jay, 
thin·bedded cner1y imestone and dobrite 90 
meters to about 220 meten thick. Abrigo 
FOrm.'Ition is a brOlAlll, thin·bedded f06$iliferous 
limutone, sandstone, ql.lllrtzite, and shale, 21(). 
240 met~ thic:k. Boba QuartZIte is II brown to 
....tUt~ CIt purpishiJn'Y, thick·bedded, coarse· 
gI"C1IIfWd qUMtzite and sandstone INIth a basal 
con9ometate, 90-19) meters thick. To tne e3$\, 
equiYalenll 01 part ol 1M Abrigo FOfTnIltion and 
Boba Quartzite an! known ill the: Coronado 
SardsTone. 

.'0 
I 

---t-- -----
--+ 

o (OTgu) 
1ST 

::::; 100 ppm 

101 - 150 ppm 

151- 200 ppm 

.2 200 ppm 

~rocks(l.JpperardMidt;leCambrii!ln)_ 
Abrigo Formation (lJppe-r and MidcIe Cambrian), 
and BoIsa Quartzite (Middle Cambrian), 
uncIifferenliated. 

GRANITOID ROCKS {PRECAMBRlAN Y):-M<mIy 
~nodiotiteand ql.lllJ'1z ~te, urloiated to 
foliated, III part metamorphosed. Ge~ in 
stocks,....nchanve beenirtle studied. 

PINAL SCHIST (PRECAMBRIAN X)---ChIotite schist, 
~e, and IOtI'Ie metavolcaric: rocks., 
metar.dcanic: rOCks, metaquartZlte, me~Zlte 
cClT'l:QlomeraTe, ard gress. One metavolcanic: rock 
dated at 17ISm.y. 

CONTACT - Dotted whine concealed. 

MARKER HORIZON- Dolled ~re conceAled. 

DlKfS-Showing dip. 

FAUL TS--~ dip. I):)tted -...+.ere concealed CIt 

IIltTuded; ball and bar on downthrown side. 

Nom'" 

Strike·slip-Arrow couple shows relilhW displacemenl. 
SiogIeaTl'OlAlshO\Al5fT"lO\1ementuitCbvebk::oek. 

Mapt- thrust fault-SaUlleeth on upper plate. 

Arlllchne 

lncllrwd stnke and dip 01 beds. 

EXOTIC·BLOCK BRECCIA- Rock contains c~p or 
bIocklllCluSlOO5olrockdlfferentfrornthO&eol 
tlCiQCltOfher blocks nearby. T\lPlCaIly ci volcanic:· 
tectOOlC or wdimentary-tectorw: orign; excl~ 
Tertiary rnegi!lbt-eccia depOSits. 

Site eX v..>eII or 9l'neraJiNd site 01 _fill weDs, 5no.v.ng 
urat penetrated, if known, and oopTh of .....eO. in 
leet. 100 feet equal5 30.5 meters. 

COu.ECTlON SITE- Radiogenically dated rock 
snowing age In millions of years. Query before 
symtx,llAlhere precise locatIOn uncertilln. 
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Geology adopted from Drewes, Harold, 
1980, and Newell, R.A. , 1973_ 

By James A Briscoe 
James A_ Briscoe and Associates 
Tucson, Arizona 
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Figure 14_ Distribution pattern of copper in mesquite trees (in red), 
from Newell, RA, 1973_ 
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Geology 
OLDER OR UNDIFFERENllATED SURFlCAl 

DEPOSITS (HOLOCENE TO QUGOCENE):
Gravel, gnd, and silt (P\mtocene and PlKnne
Many aIIlNium 01 basins; includes some 
celuvium and landslide deposit&. Generally light. 
pinkish gray. 1IR.)k/y indurated, ;:Ind with poorly 
rounded clasts; JocaIIy well irdUflited. lhickness 
several meters to hWldreds cl meters. 

BuaJI {Aeistocene to PIiocene)- Lava fIoNs, 
pyroclastic rocks, and some intercalated~. 
Thickness sewral meter.; to it few hundred meters 
in ITlO5t plbces. Radiometricaly dated ill 025, 1.0. 
and 3.2 m.y. old 

Extensivli! andesite and &cite (Miocene ard Upper 
OIigocene)-Lavaflows, pyroc:la.stic. rocks, SOfTM! 

inl~ted epiclastic rocks, and dikes. Mo&tly 
9f1JII.~. porphyritic rocks; includes 
IOITIe\le1)lCOilfKfeld5par~<mdesite 
(T urke)o lT1lCk porphyry, an inlOl'lTlllllerm d 
Cooper. 1961). Thic:knu& mostly -..raJ mcten 
to HWf;)I tem 01 meters. ~Ied al 24, 25. 27, 13, 
lim 39 m.v. 

Extru&ive rilyoIile a.'"Id rhyodao'e (Miocer. and lJppeT 
(ljgocenre- u,1RI flows, welded tuff, pyroclastic 
rocks, and IOITII intercalated epclasnc roc.ks. 
l.91t-gr1lyto~.pink,lIItnclofine~, 
porphyritic. Commoriy a lew Iins 10 a lew 
,t.ous.u.:I of meters thick. ~ted at 23, 24. 25, 26. 
26. 26, and 'n m.y. An addiriorW &te 0147 m.y , d 
IUbcannated, miIY 1I1dicale the praerv:e of 
~rocksinlhelowermern/:leToiIheSO 
VcCaria 01 Cocme Co. 

lD.wr conglorrw:rate, grM, and sand (Oligocene and 
Eocene?)-Aluvium; commonly grayish.red 
depoeits of i!NII. wd rO\D'1ded, I'IOfMJbrIC 
C!a,ls. Mostly sewraI meters to a lew lens 01 
me1eBthitk.. 

UPPER CQRDlliERAN (lARAMIDE) IGNEOUS 
ROCKS (LOWER PALEOCENE):-!...ower 
~ rocks-Rhyolite toanduite kiva fk:lu,.s. 
pyroclastic rocks. and some inlncalated epiciMtic 
rocks. Datoo at 57 m.y. Pos.sibIy younger age to 

MAIN CORD!LI.£J<AN (lARAMIDE) IGNEOUS 
ROCKS:-Porphyntk and aplillC IIltfUSlve rocks 
(PaIeocme ar(! lipper Crel&Cl!0U5)-Moltly ialillC 
potphyry 10 dacitic: ~ ItI small stocks ard 
plugs and aplitk bodies not lIS5O(:ialed llith o~r 
graMoid stocks. Daled at 61. 63. 63.64. and 6S 
my. 

Fluil:t.zed intrusIVe breCCIa - exact age unknown. but 
penetralu. and thus yoonger tMn Uocle Sam 
porphyry. 

RhyOdlK,lt! lutf and welded lufl. - Includes pariS of 
5,)lero For""",uon, Sugarloaf Quartz Lame. iIInd 
Bronco Vokanics , lind all 0( Red Bay Rhyolite, Cal 
MoI.intam Rhyolite of Brown 11939) ,loci Uncle Sam 
Prophyry. Includes locaimlruslVe bodies 30d Iocaly 
rontllins iragment5 of exollc rocks. Thickness 
commonly sewral I(>M of mel(>rs 10 §(>Vera! 
hundreds of 'NIers. Daled .,1 66('). 70, n , 73. and 
13 m.y. The Uncle Sam. In 'M Tombstone arell. 15 
(\,oMdnm.y. 

AndeJitk to dacitic: Iodc.lric brec.cIill.-1oc1uOtS partS 

d.SoIeroFOI"'ITIIItion, SugarioaIQua,rtzUlI1e,a.rd 
Broo::o Volcarict, and aI d. Drmetrie Volcanic$ 
and SNrrbd Formarion d. Courtri!tIt (1958). 
CorrmonIv contaInS large b60du a uoli::: rocks 
end IocaIy indJdes I&Or"N! S«itT'IeT"Waty rocks ard 
nrutive rocki. s....f1II fer'll a mdcn to several 
~ofmrttersthick tn ~ places. 

lCl\lo.'E'r QUat1Z monZot'lltl and graodlofitl - Indl,ldn 
$()ftW quarlZ dioril(>: appeau in small siocks. 
locally a5SCCl/l led IoOIith m.nt>r"ai.zatiorl. [)at(>(l at 70, 
71, n. 73. 74. 74. 74. and 76 m.y. Tlw Schlriflin 
grMlOdortIt al Tombslone II n m.y. 

Roads and Highways 

~ .~ .. ---- Dry wash 

+,+H++++-t-t .+++ Southern Pacific Railroad 

- --- -- Government Reservation Boundary 

.... - --- Aqueduct 

A-·-- -A ' Cross section line 

Explanation 

BISBEE FORMATION OR GROUP. 
UNOIFFEREN11ATED (LOWER 
CRETACEOUS):-LIpptr part 01 &bee 
Formation Of Group, undiffernnnated, and related 
rocks.-1ncIuda upper p;m a 8i5bee FOfTfllItion. 
Mural limesIone, Morit.,.Cintur.lo, \.Vilklw 
Ca,."..on, Aped. Canyon, SheUc~ CanyOr'l 
and TuTf'le\l RII~h Formations (not Ii5ted in 
Slrari!PPhic 5eqUI!ra) cline Bisbee Group, 
AmoII Arkowa E!f.,.0TlI and Kinnison (1954), and 
Angelic: M()IIe. ConIisIs d. I:lorcNInish· to redchh· 
aritOM, 9riIY liltstone, Rlnd5tone, conglomerate, 
~nd 10m!! fosei&feroos 9I'1IY 6mesrone. ComrnorIly 
several hundred metas thick 

GRANITE AND QUARTZ MONZONITE 
(JURASSIC)- Stocks of pinki5h.gray coarse· 
gr.'\ftdrock. LocaUy auoc:iated with 
mirwroliuotion. Dated at 140, 148, 149, 149, 150, 
153, I60.161,167,l78,I85m.y. 

SedunentlllY rock$ (!..ower Permian ard Upper 
PCrYI$yi...arian)--<'()r'4atl 01 Epitaph Dolomite 
(!...ower ~), Co&na limestone (lower 
Perll'lilln), and Earp Formarion (~r PITman 
and Upper ~~rU"), undiff¥Tentillled. 
EpMph I)obrit(> iI a dark· fD light.gnty ~tIv 
chenydoioTT'lle, irnotone, marl, siltstone, ",rod 
gypsum. l2(}29) ~Iilrs INck Co&:na l.Jrnalone 
is a medium~, thick-becldcd, sparsely cherty, 
and ~ fossi&ferous limestone J.2O.28:) 
meters thick. Earp FOfmIItion II a pak-:.red 
sitstone, mlrlMooe, shale, and imestooe, 12().240 
meterstl\ick. 

Iiofquilla Limestone (I)pper 1I1""1d MiO::Ie 
PemlyMr.rlan)-\4lI·~, thK:k· to thin· 
bedded. dwrty, fossililerous limestone and 
interr.alall!d paIe.l:Jrown 10 paIe·reddish.gBy 
siltstone that ncreases in abundanc€" upward. 
T ypQIy 300490 meters thick. 

SEDIMENTARY ROCKS (MISSISSIPPIAN AND 
OEVONIAN)-Comists mairJy 01 EscabrO$Cl 
l...ime5tone (~n)-lorADy (Armstrong 
ard SiIbenna.n, 1974) called ~ Group
and Martin Formation (Upper Qe...::rianJ. 
unditfl!n!rlliateci In part a rhe Chnir;anl,loll 
MoI.IlUlins also i1c1odes Paradise Formation 
(Upper Mi:s.sissippian) and Portal Formation 01 
Sftbins, 1951a (lipper DMxNn). In the little 
Dr~ Mountams ",nd some ~nt hills also 
~ Black Prince Limestone, who!;e fauna 
ard cOl"T"l!lation s/lo.I.I5tTOflge$t affinirieswilh 
Mi55is.sippian ra:ks but wNch may If'CIude 50TTle 

~nrock5.~L.imestooeisa 
~. I"I'IMSive to ttick-bedded, commonly 
crinoicW, cherty, f~erous &meslone 9().310 
meters thick. M;,.rtin Formation is. thick· 10 lhin
bedded, gray 10 brO\III\ dolomite, gr;Jy sparsely 
fouifcroul. end nTIe siIt:slone and :sandstone, 
9().120 1'\'"IeltrS INck.. Paradise Formation is a 
broum. kUlitCTOUS, $haIy ime$tQOe. PortlII 
ForlTli!ltionis ablac:k shale and IirneslOTll! 6- 105 
mel(>t& thick.. Blilck Pnnce Umatone is pinkish. 
gray limeslont with a basal ~ lind clv:rt 
c~te,~mlJChM52fl'11illersttwck. 

SflJIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MlDDlE CAMBRIAN):-B PMo l..irnu!0I"II! 
(I...owft Ord!Mcian and lipper Cambrian), Abrigo 
Formation (lIpptt and Midde Combrian). and 
EIdsa Quartz (MiddI1! Cambrian), 
l.I~ntiated.-B Paso lJma;10I"W is a !JCI\I, 
thin·bedded cherty IirrotstOTll! and doIorrite 90 
matb'S to about 220 meters thtck. Abngo 
Formation is a brooM'l, thin-bedded f~ 
1imesl000000, aanci5tOOl, quanzite, and .. , 21Q.. 
240mtlt!rII thick. BoIsaQua.r1zit~ ill a ~ \0 
...... te or purpiIh-gny, lhic:k-becided, coarx· 
gnined quart. and sandstOflC: with a baaI 
conglomerate. 9G-Ull mettrl thick. To the 011, 
equivallruJ d pan d the Abrigo FOfTNItion and 
Boha Quartzite _ known 115 the Corooado 
Sondotoow 

o (QTgu) 
161 

72. 

< 5 ppm 

5.1 - 9 ppm 

9.1- 14 ppm 

2: 14 ppm 

SedimenlNj/ rocks (Upper and MidcIe Cambrian)
Abngo Formabon (Upper and Middle C&mbrian), 
and 80bII Quartzite (Mickle Cambrian), 
~(>RnlIille:i 

GRANITOID ROCKS (PRECAMBRlAN Y):-Mainiv 
granodiorite and QlI/Ir1z rTO"ISOI"d(>, u~o5ated 10 

foliated, in part 1T'II!t~ a.nadyln 
Ilocka, ~h ~ bwn little Itudied. 

PiNAl SCHIST (PRECAMBRIAN X)-ChIorite ~hist. 
phyIit(>, and some ~t"ic rocks, 
melavOlcaric rocks, ~rtzit(>, rrwtaquartzitc: 
cClr'l9lornerale, and gneis4. One met.wolclr.nc rock 
daled .III 1715 m.y. 

CONTACT- Dolled whue COI'ICebIed. 

MARKER HORIZON- Dotted ~ concealed. 

OiKfS-Shaw;ng dip. 

FAULTS--Showing~. Dotted where concealed (I( 
Intruded; ball and bat Of\ oo.....nlhrown !!ide. 

Strike·slip--Arrow couple shows relative dspIacc:menl. 
Single arrow shows movement ol octM block. 

Thrust fault--Sa.wteeth on upper plate 

AntV=tine 

Incllned$lrikearddipdb«k. 

EXOTIC·BLOCK BRECCIA- Rock contains ctwp or 
bkxk incLisioni d rock dilferenl from lhose at 
Ilo5t or other bkxks nearby. T~ of vdcanic· 
Teclonic or,ooimerwy,tectonicorigitl; excll.ldes 
T emary mega.breccia depoaits. 

Site d well or gencr_zcd site d _~ wds, sho.AIing 
uMlXnetnited, if known, and depth of .....eg, in 
feet . 100 feel (>quaiI :xl,5 melerl. 

COLLECTION SITE- Radiogenically dated rock 
showing age in miIIioru; 01 years. Query be!()t"1i: 

symboi......Mr(> prK1M location uncmiSln. 
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Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell , RA, 1973. 

By James A Briscoe 
James A. Briscoe and Associates 
Tucson, Arizona 

Figure 15. Distribution pattern of molybdenum in mesquite trees (in 
red), from Newell, R.A. , 1973. 



,---1 
! Tva i 
L _____ J 

r----·-·-·-·-·l 
I h , 
L _________ .J 

r---'-------
1 T'< I 
L_. ___ . ____ J 

,-_._-----, 
! K,b I 
L ____ .J 

r-·----I 
I K' I 
L_. __ ._--..J 

r---:--l 
L_~ ____ J 

Geology 
OLDER OR UNDIFFERENTIATED SURFICAL 

DEPOSITS (HOLOCENE TO OUGOCENE):~ 
Gravel, sand. iIInd sal (Pleistocefl(!' and PIiocene
Mainly NiLMum 01 basms; ncludes !lOme 

colluv!um and 1andshde di!'po5Its Gene-raly light 
pinkM!JI'lIY. \Ioealdy mdur.lllOO, and WIth poorly 
rounded c!Mls; locally weB I!ld~ted n.ckr~ 
~ meters to hundreds 01 meters. 

&sail (P\eIstocene to ~ene)-l.ava flows, 
pyroclastIC rocks, and some Iniercalllled pilei. 
1luc:knes:s 5eve1"llI meters to ill lew hundred me1ers 
III most pW;:es. Racbometncally dated .11 0.25, 10, 

and 3.2 m.y. oId 

ExlE't'I5M! ardane and daole (Mxxe.ne and l.Jpper 
<:l!I9QCene)-Lowa flows, pyr()l;iasfIC 1lXks, some 
ullen::al3too epiclasnc: rocks, and dim ~tly 
gray, fine~ porphyntlc rock$; IflCIudes 
SOffI(>wrycoarseretdsparlXlrphyryO!u'ldeslte 
(Turkey track porphyry, an mfOl't'l'la1lerm d 
Cooper, 19(1). ThIckness mostly several meters 
to sewrallerosol met('l'"s- Da.!ed at 24, 25, 27, 33, 
and 39 m.y. 

Extl'1..l5lVe rhyolite ;md rhyoOOcile {Miocene and IJppet 
OIigocene- l.aWl ~. welded ruff, pyrnclasbC 
rocks, and 50me Intercalated epda5bC rocks. 
l41t.gra.y to ~ pink, vilnc to fioe.gralned. 
pcxphynbC. Commonly ill lew lens 10 a lew 
thousand 01 meters thick. Dated at 23, 24, 25, 26, 
26, 26, And 27 m.y. An addinonal dale 01 41 m.y" If 
5lJb5r.lOoated, may trdicale the pres('llCe 01 
Eocene rocksm the. Iowe:r member of the. S 0 
VoIcarIcs 01 Cochr5e' Co. 

~congIowerate. gniyeI. and sa,'Id (Oligocene and 
Eocene?)-AIIuv!um; commonly graylsl...rro 
d.lposlts oi small. well rounded, l'lCIO'wOIcal'lC 
clersts. Mostly.sewt31 meTtt!i 10 a few tens ol 
metersrhlck. 

UPPER CORDIll.ERAN (lARAMlDE) IGNEOUS 
ROCKS (LOWER PALEOCENE):-UlweT 
voIcaric rocks-RhyolIte to andesite lavil flows. 
p ..... rociMllc rocks. ar'ld some intercalaTed epICiasnc 
'1Xks. Dated at 57 m.y Possibly younger ~ to 

MAIN CQRDlU..£kAN (LARAMIDE) IGNEOUS 
ROCKS: Porphynne aM apliTIC nTn&\!e rocks 
(Paleocene and Upper Cretaceous)-Mosdy \aline 
porphyry 10 WcltIC porphyry in ~ stocks and 
~ and apliric bodiP.s nell a.s5OClIIted ..... lth othe, 
grantTOId stoc~ O;.tted ,,' 61. 63, 63. 64. and 65 

Fluidized lntruSIV4! bleccla exitCt "9t' unknown. but 
J.Wnet , .,t~. ,md thus youngel than Undt! Sam 
porphyry 

Rhyodacut! tuff dod \Wide<! lull lndudes p..!rb of 
Salero FOI'TMllon. Sugarloal Quartz Lame. "nd 
BI'OII(O VolcanICS, lind aU nl Red Bay Rhyo/lte. Cal 
Mount .. u", RhyoliTe of BrOWll 11939) and Unclt! Sam 
Pl'Ophyry Inclu~ 1uc,,1 intruSIVe t.xl1eS and kx:ally 
cormllns fri)!Jmt'nls ol eliot" rocks nuckll('$l> 
commonly !W!V"raltens of meters 10 WV\'IIII 
hundreds of ITlt!ters Dilled aT 66(7). 70. 7l.. 73. aoo 
73 my The Uncle Sam, In the TombsTOne art!a, IS 
dilted7l.m,y 

ArdesitIC to dacihC IoIOicaI"lC brec.cla - 1ncJuoe:s parts 
01 Solem FormatIOn. 5og;1rloaf Quam unte, and 
Bronco VoIcal'ics . .and aI 01 DImletrie Voicarics 
ant:! ~ Formanon 01 Courtright (1958). 
Commonly cont<tins L.vge blocks d exotic rocks 
ant:! \x.aIy includes some secimentary rocks and 
IfltNSlllt' rocb Sever~ ten5 oi rT1I;!ters to ~ 
hurdreds 01 meters tt-kk in m05I places. 

lower quartz mom:orute and graodlOl1u .. - lncludes 
so~qu./lrlzdionte:appearslnsrn.alJstock5. 
loo:ally aSSOCIaTed Wllh rrunerahzaTlOn. Dated al 70, 
7\. n. 73. 74. 74. 74. Zlnd 76 m.y. The SchJefflin 
granodoJlle <II T ombslune 1$ n m.y_ 

Roads and Highways 

--- Dry wash 

i-H+H+H+ti-H+ Southern Pacific Railroad 

Explanation 
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BISBEE FORMAnON OR GROUP, 
UNDIFFERENTIATED (LOWER 
CRETACEOUSl-Upper part 01 Bisbee 
Formation or Group. uhdiffere.ntiaroo. and related 
rock5.-1nc1udes upper paorl 01 B.sb0e Formation, 
Mural Umestone, Montll, C'mrura, WiIow 
Canyon. Apac~ Canygn. Slde~ Canyon 
al'ld Turney Ranch FormatlONi (nollisled 11'1 

strahgraphx: M~nce) oi the &5bw Group, 
AmoIe Arkose 01 &viInt aM KinnisoII (1954), lItId 
Angelic Arkose. Conststs of browtvsh· 10 redchsh 
arkose, gray siltstone. sandstone. conglotner"l\le, 
and some fOMiliterous gray limestone. Commonly 
several hundred meters duel< 

GRANITE AND QUARTZ MONZONITE 
(JURASSlC)-Slocks 01 plnk!sh-gnty coarse· 
gnuned rock. Locally assoaatoo With 
I1'IInerali;>.ZltlOfl Dared aT 140. 148. 149, 149, 150, 
153, 160, 161. 167. 178, ISS m.y. 

SediTllI!ntary rocks (lower PermIan and Upper 
Pe~l'IZIn)-cOflSSts 01 Epttaph DolomIte 
(w.....:r Permianl, Colina Umestone (Lou.oer 
PeTTl'llZln), and Earp FormatIOn (l.Dwer Pe~n 
and lJppeJ f>enosylvariZln). undifferentiated 
Epitaph Dolomite IS II dark· IP lighl.gray sldltIy 
cherty dololT1te. timestone. marl, siltstone. ZI'lCI 

!!I\)SUr11. J2().2S) meters Ihlck Colina UrnestOn£ 
is II medium gray, thx:k.bedded, sparsely cheTty. 
and ~ fossiiferous limestone 12().28) 
meters tluck. farp Formanon IS a pale·red 
siltstone. mudstone.~. and 'meslone, 120240 
meTer5Thick. 

HorQuiIIZI lJmesIone (Upper and MIddle 
Pe!V\SYf\lllrlZlfl}-!.JghI-pm!ush.gray. thx:k· to ttun. 
bedded. cherty. fossiliferous &mestone ant:! 
inTercalaledpale:.browntop&le·1l!ddLsh-gray 
siltstone thalll'lCr~ in <lbundafICe upw.)rd. 
T ypic.aly 3)).490 meTers thick. 

SEDIMENTARY ROCKS (MiSSISSIPPIAN AND 
DEVON1AN)-Consists I1"I<'InIy 01 Esaabrosa 
LinleSlone (MissisSppian)-1oc.aIIy (Armstrong 
and Silberman, 1974) ~ Escabr05ll Group 
"nd M.!r111'1 FOITI'IZIlion (Upper [)c>vonlanl. 
unditferf!nllateci. In part oItN Chrncahua 
Moun\<)Qls also II'I(:Iodes Paradise Formation 
(l.Jpper MisssszppIan) llnd Portal Forrnanon of 
Sabcns. 19S7a (lipper Devon.an). In the utile 
Or.,goon Mountaans and some bd)acent hils also 
ux;1udi!s Black Pnnce Umestone, whose fauna 
and correk'ltlOJ\shoo.wstrooge,st affinitiesWllh 
~ppII'ln rocks but which may mclode some 
Pennsylvaf'a<)n rocks. Escabrosa l.Jtnes10l'le if, ZI 

meeum.g'l"ay, Il"oaSSIve 10 thick·bedded, com~ 
cnnotdal, cherty, fossiliferous 61T"1e$tone 9Q.-310 
rl1elers thick. Martin Fol'rl'lo'JOOn is thick TO tNn· 

I bedded, gray to bl'O\lolT'l doiomrte, gray spaneIy 
fossiiderOl.lS, and some siltstone al'd sa.rdstone. 
90 120 meters ttuck. Pardse Formation IIll 
brown. fossihferous, ~ 6mestone. f>grtdI 
F0rm3tion is a black shale arv:l imesfooe 6-105 
meters ttuck. Black Pnncc l.Jrnatone 15 pnkash 
gray limestone .....,Ih a basal shale and cher1 
c~rale . ..s much. 52 meters thx:k. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRlAN);-El Paso Ume:Slone 
(lower Ordoo,.,clan and LIpper Cambnan), Abngo 
Formation (Upper and Middk! Cambrian), and 
Balsa Quanz (Middle Cambn&n), 
und!fferenwted.-El?650 l.Jmestune IS Zl9I"Y, 
than-bedded cherty Irnestone Zlnd doIorritt! 90 
meters to about Z20 rneters thick. Abngo 
Formation is a brown. thin.bedded fOcSSitit('fous 
6m1!$1ON!, sandstone, quartzitt!, and shale, 210-
240 meters thick. 80Isa Quartzite is a broo.om 10 
IAlhile or purplish--gray, thick-bedded, coane· 
gramed qtJMIZlle and salllhtone with a basal 
con9omerZite. 9().18) meTers thick. To the. east, 
equivalents 01 pan 01 the Abrigo Formatlon and 
BoIsa Quartzite are I<.nc>.om lIS the Coronado 
Sandstone. 

.. - --- Government Reservation Boundary 

-------- Aqueduct 
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SedilTlt!ntary rocks (Upper and Middle Cambnan)
Abngo Formaoon (Upper and Middle Cambnan), 
and BoI-sa Quartzite (Middle Cambn;,n). 
unditterenllateci. 

GRANITOID ROCKS (PRECAMBRIAN Y):-Mam!y 
granodlOnte and QUOlrtZ rnorlSOnlte, unfoiated to 
foliated. in part metamorphosed Generally III 
stocks, whK:hahYe been httlestudted. 

PINAL SCHIST (PRECAMBRIAN X)-Chionte schist. 
phyl~te. and some mellwolcal'lC rocks. 
melavolcal'\lC rocks. me1aquartZlTe, meTaquartZlte 
conglomerate. and gfll.'lSS. One metaYOlcaIllC rock 
dated a! 1715m.y. 

CONTACT-Dolled where cOl'Ceoied. 

MARKER HORIZON- Dolled where ccn:ealed 

DIKES-Showtng citp. 

FAULTS-Showmg ap. Dollro where concealed 01' 

Intruded; 1»11 ar'ld bar on downthrown SIde 

Strike·slip Anow couple shows re\.ll"~ displltcement 
Single arrow shows movement of acl1ve block. 

Anticlilll'. 

Syncline 

IIlClrr"K.'d stnke and dIP 01 beds. 

EXonC-BLOCK BRECCIA-Rock COrlIiSlllS chp or 
block lI'ICluslons 01 rock dJfeumt from those 01 
Msi or other blocks nearby TypICally 0/ ..."acanIC· 
tectumc Or sedimentary'(<<;tOf\lC ongrn; e",,:ludes 
Terharyrnegabre(t:12ldepostts 

Sill' 01 well Of geroeraliud $III! 01 severZiI weDs, showtng 
Untl p;lt"leIr.1led, If known. and depth of weU, In 

feel 100 feet equals 30 5 meterS. 

COLLECTION SITE-R..dio<jelllCally dated rock 
showing age In ITUloons of yeau. Query before 
symbol where precise location uncertatn 

Index contour line 

Contour line 

Contour interval: 25 gammas 
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Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell , R.A. , 1973. 

By James A. Briscoe 
James A. Briscoe and Associates 
Tucson, Arizona 

Figure 16. Aeromagnetic map of the Tombstone area. 

From Residual Aeromagnetic map of Southeastern 
Arizona, Sauck, W.A. , and Sumner, J.S. , 1970. From 
Andreason, G .E., Mitchell, C.M., and Tyson, N,S ., 1965 
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Geology 
OWER OR UNDIffERENTlA TED SURFICAL 

DEPOSITS (HOLOCENE TO OUGOCENEI 
Gravel, SlInd, and sih (PleIstocene and Pbocene 
MamIy allUVIum of basIn$; lnc1~ same 
colluIIIUI11 and landslide deposits GenenBy light 
plnlushgray, lM!aklylflduraled, and WIth poorly 
rounded clMts. kxally wen Indurated Thic::knes.s 
51':11eral meters to hundreds of IT'oI!ters. 

Basall (~~Iocene 10 P\io!;ene)-I...wa flows. 
pyroclastic rocks, a nd 50me intercala ted graw:!. 
1NckneS6 seven! meters \0 is lew hundred meters 
In most plcKes. R.xfiomelrically dated at 0.25, 1.0, 
IInd3.2myoid 

ExtellSlW ande5lle and We,11,' (MIocene and lJvpe1 
Oligocene) lava f\oIA.os, pyroclasnc rocks, some 
Intercalated I!ptClasuc rocks. and ~_ Mo5t1y 
gray,fil'legraanro,\Xlf'Phynh( rocl0.1flC.Iudes 
SOff'e Vf!ry coarse feldspar po~ imde5lu.' 
(T uriwy Ir«k porphyry, on mf~ term 01 
Cooper,l961) Thlcknes.srmstly~melers 
to several Ims 01 meters o.,.ted 3124,25.27.33, 
and39my 

&;t rl,SW rhyolite a;od rhyoc\KIle (Miocene and Upper 
OItgocene- lava 1'\00.0.15. welded tuff. pyroc~\lC 
rocks, ",nd some II'llercaiaroo etlIClMnc rocb 
1.J!l1t-gri'lY to gny\Sh·pmk, \/II!'C to fme~. 
porphyntJC Commonly d lew ten~ to /I lew 
lhousaro:i 01 melel'l thack.. Dated at 23, 24, 25. 26. 
26,26,aod27 m.y An~hOnaIddt~oI47my.1f 
subsulnMled, fT0Y Indicale the pre..r,erce of 
Eocene rocks 10 the Ioo.ver member 01 11>1.> S 0 
VoIcarK!Io 01 CodW! Co 

l..ower congIotnerlI le, graveI,.IInd sand (Obgoc.elle "/lel 
E.ocene?)-Alh.Mum, commonly!p~ red 
deposits oi snWl, well rounded, nonvolc.al'lC 
clasls- Mostly seo.onal metllfS to." lew tel'lS cI 
ITWlllfsthlCk 

UPPER CORDIL.LERAN (LARAMIDE) IGNEOUS 
ROCKS (LOWER PALEOCENE): - J..o,..er 
...oca1'lC rock5~RhyoLle to al~tc I<IVlI flows, 
pyrod",shc rocks, "nd !OITlI!. InlercaLatro IlpICla!.llC 
rocks Oaled at 57 m.y. ~bly younger age 10 

MAIN CORDfLLEkAN (LARAMIDE) IGNEOUS 
ROCKS Porpnynoc and ap/l11C If1t~ve rOCks 
(Paleocene and lJppeJ C r(:: l;)Ceousj Moslly ~nt lC 
porphyry to daclOC porphyry In small stocks <;I nd 

pl\.l9Sand IIp1itIC bod!e:;flQl M-SOClilted """thother 
grilnlOO 5tocks_ DIlled 31 61, 63, 63, 64, and 6S 
my 

Fluldrlild mt rusn,,," buxcia (,)l3CI age unknown, but 
penetra tes, i'lnd thus younger th;,n Uncle ~m 
porphyry. 

Rn~lte luff <II\<! weldW IUtf ],,,,IV(iI:05 parIS 01 
Salero Fom ",tlOn, Su9d,Jo.,f Q Udrtz Lahle, i'lnd 
Bronco VoIc.,nl("$, and .111 of Rro Bay Rhyolite. Cal 
Mou nl;lIn Rhyoli te of Brown il'J39j.,nd Unck> Sam 
PIO\lhvrv Includes locallnlru5lve ~ "nd Itxollly 
(on l <ll!l~ f • .:tg,mcnts of P)lot lC rocks ThlCkne-ss 
commonly $('\rer..] tens of "I<,.'t(::.s to several 
hundreds of meters D<ltro ,II 66('», ;0. 72. 73. and 
73 m y The Unck> Sam. In the Tomb5I01W .lIed, IS 
d,;,1~72my 

Ardesrric IOdacttK: volcanIC: brecCIa.-1nr;-1ude$ part,. 
of ~o FOrlTI3tion, Sug/lr\o3f Quartz Lame, .!Ionei 
Bmnco VoIcal"lCs, and aU 01 Demetne Vok;gl"lQ 
and SlwrW FormatIOn 01 Cour~1 (1958) 
Corm-oooJy (:onlalnSiarge bIoc.ks 01 eKOllC rod~~ 
and lot::aIIy Includes some seOmentary rocks and 
IntrUSIVe rocks. Several U! 1\5 of melers 10 5eWfal 
hundreds oi rnetl!f$lhK;k1O~places 

lQW('1 qWlll n'IC.IlllOl"llte and gr,)()(jlOf\te-lnchJdes 
SOmI/ q U<lrtl dIuf ,le, appe<l' s In SttllilU stocks 
LOC'ally IISSOCIiUro Wllh mlOt'rah l il lo n 1).:,11'<1 al 70. 
71. 72. 73. 74. 74, 74, and 76 m.y. The Sch,dR'l1 
gr<l.-.udof ,te at Tombstone 15 72 m.y 

Roads and Highways 

--- Dry wash 

i++H+++++++i+!- Southern Pacific Railroad 

-- - Government Reservation Boundary 

-- - Aqueduct 

A-··--···-A' Cross section line 

Explanation 

BISBEE FORMATION OR GROUP, 
UNOIFFERENTlATED (LOVJER 
CRETACEOUS):-l.!pper part of Btsbet> 
FOfTT'li)\lOn or Group, undiH~ent~led, ill"Id rel<lled 
rocks Includes upper pan 01 f3IMJee FormatIOn, 
Mural Urne51one, Monta, Clntur.l, Willow 
Canyon, Apache Canyon, Shellenberger Canyon 
and Tl1ItW\I RiI.(lI;"h FonnallOfls (nol hSled in 
strATIgraphic sequence) oIlhe Bisbee Group, 
Amok! Arkose cA Bryant and Kmrn.liOn (1954), ,mel 
AncJric Ark05l' ConSists of brOWl'llsh to reddish· 
ark()."ll!, gray siltstone, sandstone. conglomer.lte, 
and iOITlt' fQ5.5ihferous gr'.ly hmestone. Commonly 
~al hundred metp.rs th'de 

GRANITE AND QUARTZ MONZONITE 
(JURASSIC)· Stocks 01 pmlo5h-gr,sy coarS(' 
gr.)lnt'd rock Lor.AIIy.!lo.S5OCll\Ied \Alith 
mnerahzatlOfl. D<lted.,t 140, 148. 149, 149, ISO, 
153,100, 161. 167,178,I85my 

Sedlmentary rocks (lower Per!T1lan and Upper 
Penn..ylval'llo1n) Con. .... 515 of Epitaph Dolomne 
(l.ower F'ermian), Colma umestorw (t..o--r 
Pefl1llillll. and Earp FOI'mal1Ofl (J..o,....er PPrrruI!.n 
and Upper Pe~rr.anl. undifferentliSled 
Epitaph DoIornte 1$ a d;,rk 10 light.gray sigltly 
cherty doIolT'llre, kmesione, marl, siltstone. a'lCl 
~m, 121).28) meters thK;k. Cohna l.Jme,stooe 
IS .. mOOlUffi gl'lIY. ltw:ktxoddPd, spaf"'!IyCherty, 
and 5p.IIrsely f~erQU5 hme5tooe 121).28) 
meters thICk EarpFOfTl"I.!Iorionisapaie·red 
siltstone, mudstone,~, and j1'l"le5lone. 121).240 
metmthlCk 

HorQUlIIa l.Jmestone (lippe. ;mel MIddle 
Pe~r.,)n) U!t<tpmklSh.gray, thick to than· 
bedded, clwny. fOiSlbferous ~0IlCi! and 
lntercaklred p.W brown to p<.Ie reddish-gray 
siltstone IMt InCrease![ 10 abundance upward. 
T yp!(:aIy JOO.-49O meten thJck.. 

SEDIMENTARY ROCKS (MISSLSSIPPlAN AND 
DEVONIAN}-Conslsts ITIoIIINy 01 fJ;c.,br~ 
l.Jmestone (~)-kx.sDy (Armstrong 
and Sib>rman. 1974) called Escabrosa Group
and Marnn FOIlf1ijUQrl (~ ~lI,ml, 
undifferenbated_ In part clIne CtuOUlhua 
MomIM1S also InCludes Parad!se FonnaOOl1 
(lJppeT ~nl ",nd Ponal Formation cI 
Sabms. 1957.11 {Upper Devoruan). In the u ttle 
Dragoon Mounli!ltl$ aoo some ~Ilnt hil1s al50 
UlCLdes Black Pnnce Ume$lone. \A.'hose f.!louna 
and ConeLallOO 5hcMr strongest .utiru~ with 
~ locksbul which may Indudc!: some 
Pel"W1$ylvananrocks.E.5cabr~l..rnestonel$ a 
medum-gray, ma5Slve 10 thick·bedded. commonly 
cnflOlClal, (: lwny, fO&Siliferous timestone 9:).310 
melers thick. Marlm Ff.lI"Tmbon 1$ thICk to th in 
bedded, gray to brown dolomi te . grlIy sparsely 
fOlS!liderous. and some SIltstone and :s<mdstone, 
90-120 meters thICk. Paradise Formation is a 
brOlM'l, IMSiliferolll, shaly bmeslOOI':. Porta/ 
Formallon IS a bl.xk sIw.Je and time:stor'l(' t;.1(l5 
meters thick. Black Pnnce UmeslOllCi! 1!5 pmkJsh, 
gray limestone """In <;I basal shale and chert 
C0I9omerate . oS much as 52 meters lhick. 

SfJ)IMENTARY ROCKS (LOWER ORDOVlCtAN 
TO MIDDLE CAMBRlAN):-B Paso limestone 
(l..ower Ordovocilln lind Upper Cambnan), Abngo 
FormallOO (lipper and MIddle CambNln), at'lcl 
BoIsa Quartz (Middle Cambrian), 
unditferenllated.- 8 Paso umestone 15 a ~"'Y, 
thin-~ che.ty IimeslMe a nd dch'nile 90 
meters 10 about 220 meters thick. Abngo 
FormallOfl l5 ., brown, than·bedded loss*fen.'lt4 
limestone. 5IIndstOOCi!, quanZlle, .!Iond 1haIc!:, 21(). 
240 metlm ttuck. 80Isa QuartZIte IS a brlWKl to 
while Of purpIish-gnly, tlw:k-bedded, (:06fW. 

grained quanZlte and sandstone \/JIth ." ~ 
conglomerate. 9Q.1M meters thick. To the e./ISI. 
equiualent5 cA part cA the Abrigo FonnatJon."n::! 
BoIsa Owrt:Ole ~ known as the Coronado 
.......,~ 

[--;--, 
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I 
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+ 

? {OTgu) 

lOT 
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SedtmtmtlUY rocks (Upper and MIddle Cambnim}
Abngo FOffTIliIII()n t~r and Middle Cambnan), 
an::! Balsa QwnZlle (MIddle Cambnanl, 
undJlerenhated 

GRANITOID ROCKS (PRECAMBRIAN Y)· - Malnly 
granacbonte and quartz rnonsonI!e, urlollaled 10 
fohalro,lIlp.VI!l'leI~Ge~in 
slocks . ....+uch.llMo..ot! been jMie sludied. 

PINAL SCHIST (PRECAMBRIAN X)-ChIonle SChill!, 

phyllite, and $OIne mel.,voIcMK: rocks, 
1llI!"IavCJIc.arw: rocks,mel3QllllrlZlt'-',met3Qll<'lrtl'lle 
conglomerate, and gnetS5. One melavolc.lf"llC rock 
dated,,11715m.y 

CONTACT -Dolled...mere conc~1ed 

MARKER HORIZON-Dolled \A.twl1l conce3led 

DIKES--- Sh()lo,/lngdlp 

FAULTS- Showing dip [)I')IIed v.tlwre concealed or 
Inlruded; ball and 00. on elownthrown side 

R.",,~ 

Stril<.e·sbp-Anow couple shows relatIVe displ.)cmlefll 
Single i\fTOW shows movement 01 .!IoCnve block 

Mapr thrusl tilwt- s.-teorth on upper plate 

EXOTIC·BLOCK BRECCIA- Rock contaU15 chlp or 
block Il'lClusolS cI rock differenl from those of 
ho5t or other blocks nearby TypcaUyol vok:a fllC 
tectonIC o. sedimentary teclQfllC on9m, e"c1~ 
Tertlllrymegllbreccl.!lodi!pc)5lt& 

SIIe of well Of geneTlllized $lIe cA several wells, showing 
unit penet..,tro. If kTlOWfl, and deptn of ~II, 10 

t~t 100 feel eQUal.s 30.5 melers 

COLLECTION SfTE Radiogel\IC.lUy dated rock 
shooNIng lfI9t' In mIllIOns 01 ye.,rs. QUIlTY b+:fo. c 
symbol where precl~ location uncenaln. 

-150 Gravity contour line 

Contour interval: 5 milligals 
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Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell, R.A., 1973. 

By James A. Briscoe 
James A. Briscoe and Associates 
Tucson, Arizona 

Figure 17. Gravity map of the Tombstone area. 

From Bouguer Gravity Anomaly map of Southeastern 
Arizona, West, E.E. , Sumner, J.S., Aiken, C.LV., and 
Conley, J.N. , 1973. 
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SPECULATIVE 
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FU;UKC ·1.·-CLossilil"atioll "r ;\Iill~ral Ru."urc~s. From U.S. Ullreau "r ~lilll'S alld U.S . 
(;eological Sur\'(:y ( I!lCi;a. p. :\2). 

:\leasur~d: :vlaterial "'hose quality and quantity havc bcen estimated, within a 
margin of error of less than 20 percent. from analyscs and measurements 
from closely spaccd and geologically wcll-known samplc sites. 

Indicat~d: :\Iaterial who~e quality and quantity ha\'c bcen cstimated partly frol11 
samp le analyses and measurements and partly from reasonable geologic pro
jections. 

O~monstrat~d: :\ co llccti "e term for the sum of materials in hoth lI1easured and 
indicatcd resources . 

Inf~rr~d: lvlatl'rial in unexplored but identified deposits ",hosc quality and S17." 

ha\'e been estimated on the basis of geologic evidence and projection. 
Id~ntifi~d-sub~conomic r~sources: Known deposits not now economically minable . 
Paramarginal: The portion of suheconoll1ic resOllrces that (a) is almost economi · 

ca lly producible or (b) is not commercially available solely because o f legal 
or political circumstances. 

Submarginal: The portion of subeconomic resources which wou ld require a sub
sta ntiall y high e r price ( more than 1.5 time; the price at the time . of deter 
mination) o r a major cost-reducing advance in techno logy to become economic. 

Hypothetical resources : LJnd isco\'e red materials that ma y reasonably be expected 
to exist in a known l11inin~ district under kno"'n geologic condit ions. F.xplora

tion that confi rms their existenec and rcvca ls '1l1antit )' :wel '1 11alit )" ,,·il l 1' .... . 
mit their rec lass ifi('a tion as a rcser, 'e (lr idcntified-subeco l1 (lI11ic rCSllurc e. 

Speculative resources: Undiscovered materials that Illa), occur eit her in kno"'11 
types of deposits in a favorablc gcologic sctting wherc 110 dico"c rie s have 
bcen made or in as-yet-unknown types o f deposits tllat relllail1 to be re cog· 
nized. Exploration that confirms their exi stence and rc\'eals quantit y and 
quality will permit their reclassificatiun as resen'Cs o r idel1lifled-s ubernnomi c 
rcsou rces . 
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DEFINITION OF ORE RESERVE TERMS 

as used by James A. Briscoe & Associates, Inc. 

Identified resources for which tonnage is computed from dimensions 
revealed in outcrops, trenches, worRings and drill holes and for 
which grade is computed from the results of detailed sampling. The 
sites for inspection, sampling and measurement are spaced so 
closely, and the geologic character is so well defined that size, 
shape and mineraL content are welL estabLished. The computed 
tonnage and grade are judged to be accurate within Limits which 
are stated, and no such llmit is judged to be different from the 
computed tonnage or grade by more than 20 percent. 

Identified resources for which tonnage and grade are computed 
partLy from specific measurements, sampLes or production data, and 
partLy from projection for a reasonable distance on the basis of 
geoLogic eVldence. The sites avaiLabLe for inspection, measure
ment and sampLing are too wideLy or otherwise inappropriateLy 
spaced to permit the mineraL bodies to be outLined completely or 
the grade to be established throughout. 

Identified resources for which quantitative estimates are based 
largely on broad knowLedge of the geoLogic character of the 
deposit, and for which there are few, if any, sampLes or 
measurements. Continuity or repetition is assumed on the basis of 
geoLogic evidence~ which may include comparison with deposits of 
similar type. ~odies that are compLeteLy conceaLed may be 
incLuded if there is specific geoLogic evidence of their presence. 
Estimates of inferred reserves or resources shouLd incLude a 
statement of the specific Limits within which the inferred 
material may Lie. 

HypotheticaL Identified resources for which tonnage and grade are poorLy known. 
The sites avaiLabLe for inspection, measurement and sampLlng are 
inaccessibLe or have not been thoroughLy examined in the fieLd. 
GeneralLy aLL of the parameters necessary for caLcuLating 
reserves (i.e. volume and grade) are based on geoLogic projections 
or assumptions. 

U.S. Geological Survey, 1975, Mineral Resource Perspectives 1975: U.S. GeoL. 
Survey Prof. Paper 940. 

Prepor~d by Jamn A. Brt-coe 

James A. Briscoe & Associates, Inc. 
Tucson, Arizona 

© Copyrighl, 1982 by James A. Briscoe & Associales . Inc. 
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