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THE 

rue 1. • report on a prelill1nary ... 1 'NIt-iOll of the 

Miguel aopper ll1ne, 11 1111 •• south et of CUba, 1a dow]. Count,., 

North-Central v Maieo . 

,.et! ant ;'pg11a1QA 

'l'he property 10 1t8 present 001'1 tlon 1& an excellent prospect . 

The ON expo .. d wal"l'llllte conatJ'Uction ot ...tl l_ohini plant . B7 

d01Ili 10_ uplOftto1'7 drUl1na to arrlw at an expanded ore •• tblat. 

a la:tg.:ro p].aI'lt II1Cht be 1ad1oated. Tb. preaept price of ClOpper 1ft_ 

"' than a INltioi.»t JIUIiD for retum of oapJ.tal pI 8 a profit . 

Liat 1Qp ad nu, 
The principal operation, have been conduote" em t san Migu.l 

01a1ll, the oentral ot the three ¥blob atake· up tbit ~t.l1t poup #1804, 

1il section 24; T 19 ,B 1 W, • '1'be ot.he:ro. &l"e tbe Palmer and the 

Copper Queen, to three OO-P'1 & 11ttle 1. , than 60 aCM8. This 

.roup coutltutea tho prinoipaJ.: rk1nga 1D this San fUluel District 

ot Sandowl County. The ower 18 J. B. Pope, of lttsbU'gh, Pa. who 

baa 2/3 ot the Utle and repre .. nt8 the i'eIIa1nlDc 1/3, ... bill' of 

big to117. 'taxes are paid to date, and no lieu or Jftg.,.. aft Ul 

81 ht. He ottel'8 an ord1na17 1 .... vitb an option to w1. 

11I·ltau 
The e.r11 day pl'Oductlo11 OOUld be a:r~l ... d at ... ao1D& thN t 

reoorda at 'the State lbreau of n.s. The .. diaoo,..l"1 •• w:roe 164. 111 

th.1880·8, and old .1 .. pU.. catwNd OD the flat. below attest to 

crude IiIlel tiDa operation.. 'I'M patent to thqe ola1u va 1 ••• 4 1a 
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1919. A tuable down .tN \Ire tba~ sat ha.... be. • IJOrt~ plant 1. 

CII the San M1p.:t ol.a. One wuld ju4le the t!aber. ot tbia etru.cRun 

to be aboUt that old. 'lbe patent plat abova tvo cro •• GUt tun._1. 1rate 

the toraUOIl, aDd a eaal1 aIIO\lat ot lateral drlttirc. 10 doubt tb1. , 

va ... leet!. a1niq. 

Late" c1q Opell p1t., do.ed ov.t OIl the outOI'OP 1A 19S,.,6 

diet DOt MOOW'l~r an:r ot t»> old Wlderar0un4 rld.na'. The portal. 

of the t1llO tulUMl11 aft cawd and tU~d with rubbl.b. They ,how 

endeDoe ot ba1DC ~"'d t\1nber 1D, aDd }ma .. nt a cUtt10ult job ot 

nopelWll. TtMt 1na1 ot the.. tl.U.lDtl. 1s at l .. at 200 teet below t_ 
pit • • 

QIPHR &4 klIMA fIItRa. 
bl. 1. kQo .. "Rect 4. Copper"; a te~ d •• cnb1Dg ON' 

which are toUDd in UDd.wne. aIld 00IIC101llWate. which 11e abon 

oertdD red 01&7' and .bale.. 1,. thl. area tbe 

Chinle t011l&tion, ot 'hiae.lo ",, vbioh 11 w1d.apread thnaout the 

loul' Corner. ooua.t!'7. lJiMdlate11 oft top ot the red bed. l1e. the 

&pa Zaroa .aDd.tone, alao of' la.ll0 .... • ... 1. where the copper 

ore aN toulad. 

'I've ooDdit1on. are -oe'RJ'Y tor Oft c1epo.ltlol)l 1) a per

... ble bOet rook, .. th1. GOar .. &pa Zar. ahdltone· 8114 ooDCIOM:rate 

i., dd 2) .. lI1neftli.er, which 1. pA8ra111 .. hu1t, t_ .-OM 
tor the a1Mral aolutlol1 to trawl tJ'OJa the pareDt ru.pa . Jk>t.b 

ooD41t1on. are p,.. .. nt a~ tM San Hip 1 a1ne. The ore .. 41s-

wnd OIl the top aild tlank ot an ant1ol1Dl, vbloh 1. the 4nonst ... t.d 

10 1. ot oopper and \U"abiWl or •• , .. 1'01'11 ot trap. 
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t!b., .P,Pe1" ~l"u. wblob .J',lteM4 ,~ •• .Iton are DOW .. en 

.a the gRIn and 'blue celleD' .ten-,-.wachtte AIl4 O\1nt_, bet.en 

tbepebble. an~ g:raw. lone of the ,.b'bl •• an pe_tre.ted or alt.nd 

b7 the oopper am.ehl_. 1ml1oa'tiJli that t1118 •• a loy t.eaperature 

aot1011. Vff1l7 little $$OO~ .,ratltUl ha. t.e.latA pl.. ttaX' tu 
orisiDal d.l».lt~a. fh. impentoua r.d · .bale Oeue.tJ,!. t .... " 

bot\oa to tM ore. 'he lat.ral • .ten\ of the Oft .boot Se Jet to tie 

4.temned. 

The outcn'OP of the .. Mate> io1rl1 southerly 1& oo,.f'e4 bt 

Intd." ,.ah which has ea. down bom Sefl )$tgu.el Peak to ~I e.at . 

?hi ... b, vaa 'too aeep to'/" tbe ear17 pJ'Oa,..tor. to tia by baDd t aDd 
, 

the 19S' opo ... toJle .t'Jl'1~4 only .. aaall a:rea atf'Oulltll tbe known ou'tctoP. 

So the -xtent ot tbe iI1ft.-al ,~ the 8O\\th ia obeeure . On, the DOrih 

the 111111", 81'1 •• tabllahe4 b1 a abarp sull.,. ~ttiDc aOl'Qa. the .tnu . 

of the torutl0D. nedlp 1. 4' a.,J*e •• weaterly and the _trike 1. 

SSE, the aandatoM btUa' 3Q o,r ·IIOM- t •• t thlGk. 

'1'.he 8810D h _~.\t foit' the aoW.ute rault wb10h fttAnde 

tor 30 .u •• ~ a Do.tth"'lO\Ith til'eotle>n, ehow1Dsup-eD4ed .. d1JleDta27 

tied. and 80UP' &10#8 tot. .. _tern mot ot the San Pedro del RutJdeiJ\o 

MounWna. It t. obl.7 reasonable to bell_. that w.. tnaencloll' 

... ,m't lrutuoed ,he aloel'al acttotl aloDl tAt'1 trollt. other Pl'Oai.lDl 

oopper woper\"e. .... alons tb18 taul ted ,..1011, ~Jl' of tIhlohha... been 

cttmQped or \lOTted out, The lun_ imd O.t.' fl. &rouP. will utldoulattdl.7 

.... 1_ de"'lo~ in tbe DMr 1\ltUl'e. 
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Q£l1111M.Nr1.Uo' 

'be 1.1tt operator. 8hl~d crude 01'& which awrag.a l .~ 

oopper. TheIr 8hi me ClUttered. hom d11utlotl vi th vasta. Sael tar 

,. oo1'da ,1 .... total of 1,'00 toNi. Th. ba.t e l,.eht .. 40 tou • 

3.~J the poore.t w.. 63 tone 1.0". Th1. awl' • t 1. 1. 

:9 tban _tt1dent aft-de, a1noe w krIow the op .... tor. In &.1Ia11a" 

ON at , .... , Ar1.0 ,an aald.nc a prot1t ot 50, a ton 0 O.~ 0"'. 

lturic aold 1il 4UUte solution. attaco aDd cSt.lntegrate. 

th1e ore, 81n" the c .at .. terial 18 the GOppeI'lIi_rat it .. 1!. 

bpeJo1el'loe with .Wlar ON' 111 thi Southwe.t 1IMS1oate ... ~ 

exthG\loA bJ the aold leaGb tbocl. CoppaI' 1. Moo_red •• oeM t 

ooPPftI' by prec1pltat1oJ11d.th 8crap 11"On. Tbe "ault. oe • tlotatloA 

t.at Dr the state au ot Hines at oorro are petld11l1. The 

Mtallurglet t th1. lDetltut10D 18 t the oplJdon that thl. ore vUl 

l'espoDd to thl. treatMnt auoce.atal.y. A oopy ot hi. le.oh1ag t.et 1. 

inoluded. 

OpeEaton apd R'''9dl'~ N· r. E, 

t 1"8tI.4~/;;;:' ot ore are scattered 111 ftriOU8 pU •• about 

the propert.7. bls OCJVld be 80ree.4 and hand aorted to set .. couple 

carlo.d8 of crllde .hipping ore, probably golag at * oop r. 

0 .. a leaoh1Di plant ooUld be "' up, vtth tbtJ t..ct ..... W 

bT thes. ore pUs. plu. b8V re from the o.,.n p! ta. IUrl1n8 co.t., ua1J2g 

r1ppera, do •• re a 4 loaders, shOUld be well belov .00 per ton. 

teaohUg ocats would de~nd on thi coat ot the tel" \lad, bit would 

1 ••• tban 3.00 per t A. 

OU driller. 41.eooftre4 en aquiter in etlon 21., , or thU 
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... tovnehip, vb1cheatabl1she, a ter aupp17 vi thin re.eo_ble 

d1et&r108. ...~ would haft to be _de on t.he choice ot PUJI1P1ne 

lAter up to the ad-.. OJ!' haUl1 .. the vater Up, or haul1ae the oft 

down to the well, either by tNck OJ:' t1"81l 11M. I1ther proee<t.t:re would 

entall about 1 raUe ot .. " hUlalde road, plu tiWaaplng out abOut. 

ill. ot old paok traU. 

It .... beat to do allflolent explorato1'1 4l'1l1iDg, vblob 

cioUld do. tor 1 ••• tbl.r1 '10.,000.00, to n.:tliat.e the .ntire ore 

bod7, and then plan an iutallatioD to .it, before •• tabl1.h1ng a 

1eacih1ac plant tor the De" 0" .a _11 u the up on. . 
All this rd.gbt entail :& 8Urtaoe iutallatloD to 1.aGb th • 

. 
e.8117 tat_ ore on the ttiape and in 'tiM pita, rolloved bT a qate ot 

1.a~ the m1 ral in pla. in the ateeply dJ.pplDC aandatoll8 4, 

athen", the PJI8,nant .lut1ol1 11\ a. lover twmel . The topoaraph7 1_ 

.w.tea tor this. Or t. lowe. tunnel .ltA could be utl1111ed tor .nt~ 

ua1Dg oonftnt1onal a1A1na -.th&c!a. 

Tbe pre8en1i 10121 %'Oad could be rehabU1tated and U .ed un~11 

this pre1J.id.nas7 vork •• done. At that POint the ooutntcstlon of a 

DIN road as.,ht be jwttit1ed. The total ~nd1t\lre depend. upoa the 

deoS.elon result1-,. trom the aploratory tb'Ulinc. 

6~q~ 
New MeXico Re,tat"tton '''2 

.' \, 
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PROPO SED PLhN AUD METHODS FOR DILIG ENT EXPLORATION 

Re: A 9751, A 9752 & A 9754 

Gary G. Smith, Frances D. Smith and Conrad D. Clement 
propose to use the plan and methods described below in order 
to evaluate acreage described in geothermal lease applications 
as follows: 

A 9751 - T. 5 N., R. 6 N., GSR Mer., Arizona 

Sec. 11, nIl; 
Sec. 12, All; 
Sec. 13, All; 
Sec. 14, All. 

totaling 2,560.00 acres 

A 9752 - T. 5 N., R. 5 W., GSR Mer., Arizona 

A 9754 -

Sec. 18, Lots 1 thru 4, E~~~, E~ (All); 
Sec. 19, Lots 1 thru 4, E~W~, E~ (All). 

T. 5 N., R. 6 W., GSR Mer., Arizona 

~ 
i • 

Sec. 23, All; 
Sec. 24, All. 

totaling 2,599.92 acres 

5 N., R. 6 W., GSR Mer., Arizona 

Sec. 26, All; 
Sec. 34, All; 
Sec. 35, All. 

totaling 1920.00 acres 

The meth ods described are in the approxima te sequence 
in which the methods will be used. However, each succee dina 
step in the evalua tion sequence depends upon f a vorable re
s p onces from the steps preceding it. In the event a number 
of t hese me thods indicate that a potentially economical re
servo ir is not present, further work will be terminated and 
the leases will be surrende red. 

THE EVALUATION PROCEDURE 

1. Pre liminary g e oloqic a n d g eochemic a l r e connaissance: This 
will provide a bro ad look at the surrounding area acquaint
ing survey personnel with the geology, h ydrogeology, topo
g raphy, vegetation and access. 



-2-

2. Passive seismic surve y: This is u r e conna iss ance survey 
. g iving in f ormation on g e ology and hydrog e ology of the area. 

3. Detailed geochemical survey; A detailed study of the hydro
geology and hydroche mistry of the area. 

4. Gravity survey: Th is survey will be used to locate favor
able g e ologic anomalies. 

5. Resistivity survey: If previous steps s h ow favor a ble in
dications, t h is surve y will b e used in an attempt to locate 
potentially hot reservoirs. 

6. Temperature gradie nt and heat flow survey: A detailed sur
vey us ed to investigate anomalies indicated in p revious 
surveys. 

7. Geothermal test well or wells: Should t he p receding sur
veys b e positive, a g e oth ermal test 1!ell or Hells vTill b e 
drilled. Further develop~ent will depend on the success 
o f t he geotherma l t est well. 

The time at which e ach of these surveys will be executed 
depends upon we a ther, availability of contract crews, adminis
tration difficulties, the spee d of data processing, etc. Sur
veys I thru 4 i nvolves no d isturb ance to the environment and 
a re consid ered "casual use" ( 4 3CFR 3209.9-5 (d). Surveys 5 
thru 7 may involve so@e d i s t u r b ance where survey line s may 
require o f f road travel. 

:l ith res p ect to 4 3CFR 3210.2-I( d ) second paragraph, in 
our expl or a tion op erations, we will comply with the terms and 
cond itions s pecifi e d in the Notice of Intent covering fire 
preventionand control, soil erosion, wate r pollution, etc • 

. A copy of form 3200-9 containing these terms and provisions 
is attachec. It should be noted th a t our Notice of In~ent 
s pecifically excludes all drilling operations. n o drilling 
operations are contemplated until a lease has actually been 
granted on the subj e ct lands. ~ ith respect to exploration 
of a casu a l n a ture as described in 43CFR 3209.0-5(d), we will 
us e guide lines t h ose terms a nd conditions in the Notice of Intent 
\-,h ich a pply. 

As a further effort to minimize di s turb ance in the sub
ject area, we shall endeavor to cdmplete survey s as rap idly 
as possi b le. 

Gary G. Smith 

Frances D. Smith 

Conrad D. Clement 
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SILAS C. BROWN & ASSOCIATES 

GEOLOGICAL CONSULTANTS 

A GEOTHERMAL STUDY 

GEOLOGICAL RECONNIASSANCE OF THE 

HASSAYAMPA PLAIN AND ADJACENT AREAS · 

MARICOPA COUNTY, ARIZONA 

INTRODUCTION 

At the request of Mr. Gresham Clacy, President, 

Gresham Geophysical Corporation, a geological re.connaiss:

ance survey was" made of the Hassayampa Plain and the ad

jacent mountain areas. The primary purpose was to deter

mine the extent of faulting and volcanism which might be 

favorable for geothermal test wells. 

The contact between the Quaternary-Tertiary 

valley fill and the basement rocks was not shown on the 

base map. please refer to the Geological Map of Maricopa 

County if these data are. needed. 

LOCATION & ACCESSIBILITY 

The area studied included the Hassayampa Plain, 

the Vulture Mountains and the northeastern flank of the 

Belmont Mountains. More. specifically, the area covered 

includes Townships 4 to 7 North, Ranges 5 to 8 West, 

Maricopa County, Arizona. The approximate center of the 

area of interest lies about 15 miles southwest of Wicken

burg and is easily accessible by a well maintained gravel 

road. 

Two major power lines pass . through the Hassa

yampa Plain. 
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Elevations range from about 1600 feet above 

sea revel in the Plain to 3658 feet above sea level on 

Vulture Peak. 

GENERAL GEOLOGY 

The mountain areas consist of a highly complex 

series of Igneous and Metamorphic rocks of pre-Cambrian' 

age and Volcanic extrusives of Cretaceous-Tertiary and 

Quaternary age. 

In the Vulture Mine area, which is highly fau~t

ed, the contacts between the various rock types vary widely 

in size and character. The most predominent rocks consist 

of hornblende schist" granite, gneiss, rhyoLite and ande

site. Near the Vulture Mine, granite (batholithic) has 

intruded into the volcanic rocks. 

Vulture and North Caballero Peaks are volcanic 

centers from which the Laramide flows orginated. These 

rocks are rhyolite and andesite in composition. Black 

Butte, situated on the western end of the Vulture Moun

tains, consists of Quaternary basalt flows over older 

Cretaceous-Tertiary volcanics and basement rocks. 

The Hassayampa Plain consists of Quaternary

Tertiary sands, silts, conglomerates and clay beds that 

vary widely in thickness laterally and makes correlation 

o£ wells difficult. These sediments range from zero , thick- ' 

ness at its contact with the basement complex in the moun

tains to over 1200 feet thick in the southeastern part o,f 

the Plain. 

FAULTS & STRUCTURE 

Several major faults having over 300 feet o£ 

displacement are present in the area. The two prominent 

faults; Black Butte with + 600 feet of displacement to 

the northeast and Talmage with ± 700 feet of displacement 

to the east, were projected under the Hassayampa Plain. 

SILAS C, 8BO\VN GEOLGG1S'; 
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Many other faults are present and of sufficient size to · 

help control geothermal concentration, particularly wher~ 

they are closeLy associated with the volcanic centers in 

the Vulture Mountains. 

The Astor fault has a disp~acement of ± 300 feet 

with its downdrop side to the east and the East fault with 

± 550 feet of disp~acement to the west. ·The downdrop fault 

block between the Astor and East faults forms a Graben. The 

Schoolhouse fault is supposedly pre~ent in the Graben but it 

was not observed on the surface. 

Many smaller faults were observed having varying 

amounts of displacement. At Black Butte, a fault having 

abo.ut 1'50 feet of displacement with its downdrop side to the 

east, trends N-S to NSoW. It intersects the l larger Black 

Butte fault on the northeast side of Black Butte. 

The Coyo.te faults, on the northeastern flank of 

the Belmont Mountains, have unknown displacements but the 

downdrop side appears to be to the northeast. These faults 

have a fairly wide disturbed zone and may prove of major sig

nificance. Much more detailed field work would be necessary 

to o~utl:ine their magnitude and their real significance re

lated to geothermal prospects. 

The Talmage fault at the Vulture mine was pro

jected S 100 E to intersect the projected S 60 0 E Black 

Butte fault under the Hassayampa Plain. The intersection 

point os these two fauI.ts lies less than a mile northeas.t 

of the hot water well in Sec. 25-T5N-R6W. A· straight-line 

projection is most acceptable where surface data are lack

ing, however, there is no assurance that the faults will 

maintain the same trend over long distances. Geophysical 

work in the vicinity of the hot water wall indicates the 

fault trends may have shifted southwestward of the straight

line intersection point. 

SILAS C. BRO\-VN {3[OUX,I$T 
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GENERAL 

The hot water weIll. in S'ection 2S-TSN-R6W has a ; 

temperature of l3So p at the flow pipe. The aquifer was 

reported at a depth of 419 feet immediateYy below a cap

rock. The well apparently is fault related based upon , 

the data gathered. The caprock could also be travertine 

deposits which formed around the vent of an old hot water 

spring to be later covered by valleY , fil1 sediments. The 

old spring probably had its source along a deep-seated 

fracture zone. 

A . third possibility is the presence of a volcanic 

plug which did not reach the surface or was subsequently 

covered by younger sediments. The aquifer being in sedi

mentary rOCKS rather than volcanics tends to weaken this 

theory. 

The well was a significant discovery regardless , 

of its geological setting as it is indicative of a possible 

geothermal field with economic potential in the area. 

SIl.AS C. 8RO\VN GWL()(;lSl 
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UTAH GEOLOGICAL AND MINERALOGICAL SURVEY 

The Utah Geological and Mineralogical Survey was authorized by act of 
the Utah State Legislature in 1931; however, no funds were made available 
for its establishment until 1941 when the State Government was reorganized 
and the Utah Geological and Mineralogical Survey was placed within the new 
State Department of Publicity and Industrial Development where the Survey 
functioned until July 1, 1949. Effective as of that date, the Survey was trans
ferred by law to the College of Mines and Mineral Industries, University of 
Utah. 

The Utah Oode Annotated 1943, VoZ. 2, Title 34, as amended by chapter 
46 Laws of Utah 1949, provides that the Utah Geological and Mineralogical 
Survey "shall have for its objects": 

1. "The collection and distribution of reliable information regarding the 
mineral resources of the State." 

2. "The survey of the geological formations of the State with special ref
erence to their economic contents, values and uses, such as: the ores of the 
various metals, coal, oil, shale, hydro-carbons, oil, gas, industrial clays, cement 
materials, mineral waters and other surface and underground water supplies, 
mineral fertilizers, asphalt, bitumen, structural materials, road-making ma
terials, their kind and availability; and the promotion of the marketing of 
the mineral products of the State. 

3. "The investigation of the kind, amount, and availability of the various 
mineral substances contained in State lands, with a view of the most effective 
and profitable administration of such lands for the State. 

4. "The consideration of such other scientific and economic problems as, 
in the judgment of the Board of Regents, should come within the field of the 
Survey. 

5. "Cooperation with Utah state bureaus dealing with related subjects, 
with the United States Geological Survey and with the United States Bureau 
of Mines, in their respective functions including field investigations, and the 
preparation, publication, and distribution of reports and bulletins embodying 
the results of the work of the Survey. 

6. "The preparation, publication. distribution and sale of maps, reports 
and bulletins embodying the reults of the work of the Survey. The collection 
and establishment of exhibits of the mineral resources of Utah. 

7. "Any income from the sale of maps and reports or from gifts or from 
other sources for the Survey shall be turned over to the State Treasurer and 
credited by him to a fund to be known as the Survey Fund to be used under 
the direction of the Director of the Survey for publication of maps. bulletins 
or other reports of investigation of the Geological and Mineralogical Survey." 

The Utah Geological and Mineralogical Survey has published maps. cir
culars. and bulletins as well as articles in popular and scientific magazines. 
For a list of such publications or for other information concerning the geo
logical and mineralogical resources of Utah address: 

Director, UTAH GEOLOGICAL AND MINERALOGICAL SURVEY 

College of Mines and Mineral Industries 
University of Utah 

Salt Lake City, Utah 

Other Publications available through 

THE UTAH GEOLOGICAL AND MINERALOGICAL SURVEY 
Mines Building, University of Utah 

Salt Lake City, Utah 

BULLETIN 35: 
HALLOYSITE OF AGALMA TOLITE TYPE 
Bull Valley District, Washington County. Utah 
By Arthur L. Crawford and Alfred M. Buranek 

BULLETIN 36: 

Price $ .10 

Directory of UTAH MINERAL RESOURCES AND CONSUMERS 
GUIDE 

By Alfred M. Buranek and C. E. Needham 
For the convenience of those needing the Directory, we have 

prepared and conveniently folded in a pocket inside the back cover 
a Mineral Resource Map of Utah. All important producers and 
consumers of Utah minerals, metals. and nonmetallics are classified 
and listed in the bulletin under each respective product. Price $1.00 

SYMPOSmM VOLUME: 

THE OIL AND GAS POSSIBILITIES OF UTAH 
Compiled by Dr. George H. Hansen and Mendell M. Bell 

This book has 350 pages. 46 tip-in maps and full page illustra
tions, and 9 large plates and maps folded in a supplemental container. 
It was written by eminent geologists and specialists in related fields 
and is the latest and most complete volume on oil and gas in the 
State of Utah. Price $5.00 

BULLETIN 37: 
THE GEOLOGY OF EASTERN IRON COUNTY. UTAH 
By Dr. Herbert E. Gregory 

This bulletin covers the geography, topography and geology of 
Eastern Iron County, as well as much historical data of interest. 
Because of its importance to Cedar Breaks and the National Parks 
of Southern Utah, it is believed that this publication will be much in 
demand by the tourists of this area. Price $1.50 

A BULLETIN OF THE UNIVERSITY OF UTAH (Vol. 38, No. 20) 

THE GREAT BASIN with emphasis on Glacial and Postglacial 
times. This Symposium Volume is comprised of: 

Part I-The Geological Background 
By Eliot Blackwelder 

Part II-The Zoological Evidence 
By Carl L. Hubbs and Robert R. Miller 

Part III-Climatic Changes and Pre-White Man 
By Ernst Antevs Price $2.00 

SCIENTIFICALLY PRODUCED COLORED RELIEF MAP OF UTAH, 

Published in cooperation with the U. S. Geological Survey. 

Photographic techniques developed during World War II, for 
the preparation of secret maps, were utilized for this latest and 
most accurate relief map of the state. Price $ .50 

CIRCULAR 36: 
FLUORITE IN UTAH. Its Occurrence. Extent, and Significance to 

Utah Industry. 
By Alfred M. Buranek Free Upon Request 

REPRINTS of a summary by Arthur L. Crawford published by Chemical 
and Engineering News (Vol. 27, p. 3017, 1949) on Utah Raw Ma-
terials of interest to the Chemical Engineer. Free Upon Request 
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INTRODUCTION 

For the decade 1937-47, the gist of the data set forth 1n 

the following pages was originally presented by Mr. Buranek at 

a hearing of the National Resources Economic Subcommittee on 

Public Lands held in Denver, Colorado, February 3, 4, and 5, 

1948, under the chairmanship of U~ S. Senator George W. Malone 

of Nevada. 

Mr. Buranek was then one of the geologists for .the. Utah 

Geological and Mineralogical Survey which at that time was a 

part of the Raw Materials Division of the Utah State Department 

of Publicity and Industrial Development. Dr. Needham, who col

laborated 1n furnishing the data was then as now Supervising 

Engineer, Salt Lake Section, Metal Economics Branch, United 

States Bureau of Mines • 

Continued demand for thi s information is j usti fica tion fo r 

its being brought up to date and published as a circular of the 

Utah Geological and Mineralogical Survey. 

Arthur L. · Crawford, 

Oi rector. 
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METAL MIMING IN UTAH 

A STATISTICAL SURVEY 

GENERAL STATE~ ENT 

During the period 1935-1949, metal mInes In Utah declined from 235 In 

1935 to 90 In 1946, rose to over 120 in 1947 and 1948, then dropped to 

about 100 In 1949. Although the greatest decline has been in the number 

of mines (both lode and placer) producing gold · and ~ilver ore., base-metal 

mines a1 so have decl ined markedly : in number, except for those producin g 

zinc-lead ores; these reached a high point in 1948 for the period 

The decline in straight gold mining has been due largely to the clos

Ing of gold mInes during World War II, followed in the postwar period by 

shortages of labor and materials, high taxes, and increased costs of labor 

and supplies, coupled with a fixed price for gold. The result has b~en a 

pronounced reduction in the purchasing power of the gold ounce. This is 

always a very strong factor In the rise or fall of gold output . Utah's 

high position as a gold-producing state IS therefore due to the recovery of 

gold as a by-product in the treatment of base-metal ores, and not to the 

mining of straight gold ores. 

The decline in the number of mInes producing silver ore has not been 

as great as in those producing gold ore. Following Increases In the mint 

price of silver In 1946 and 1947 , the number rose appreciably In 1947-48, 

but declined sharply in 1949. It appears, therefore, that a considerably 

greater increase in the price of silver would be required to bring in mar

ginal silver mInes or to accelerate the production of silver from complex 

lead-zinc ores. Consequently, silver In Utah, like gold, continues to be 

principally a by-product of base-metal mining. 

Declines in base-metal output from 1943 through 1946 resul ted 1 argel y 

from labor shortages, work stoppages, rising costs on virtually every item 

used by the industry, increased wage sc'ales, continued high taxes, and lack 

of ore development during the war, even though prices trended generally 

upward during the period. 

- 4 -
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During 1947, conditions became much more stable, and many factors aff

ecting base-metal production were greatly improved. As a result, output of 

base- metal ores rose to one of the highest figures In Utah history. The 

number of lode mines (exclusi ve of manganese mines) operating in the State 

rose from 88 in 1946 to 118 in 1947. 

Expiration of the Premium Price Plan on June 30 ·, 1947, caused only two 

or three mines to close, but operations at some properties were curtailed or 

shifted to different ore. Output of metals was not greatly affected. 

Stimulated by further increases in the prices of copper, lead, and zinc, 

productio~ of these metals in Utah in 1948 continued to rise. The record 

production however was halted late in October, when the Utah Copper Mine, 

of the Kennecott Copper Corporation, in Bingham Canyon was closed by a work 

stoppage for the remainder of the year. As a result, ~tate output of cop

per for the year was considerably less than in 1947. 

The Utah 1949 declines in the production of ore and In all five metals 

were attributable to two main factors : the work stoppage at the Utah Cop

per mine, in effect until February 7, and the sharp dr~p In base-metal 

prices beginning in March and continuing well into summer. Unstable mar

kets for base metals not onl y resul ted in closing several mines but In cur

tailing production at others through reductions In labor force or through 

a reduction in the work-week from 48 to 40 hours. 

- 5 -



TABLE I 

WINES ' PRODUCING GOLD. SILVER. COPPER. LEAD. ZINC. AND WANGANESE IN UTAH. 1835-48 

WINES PRODUCING YIU 

IUS 1938 1937 1938 1939 1940 1941 1842 1843 1844 1945 18411 1947 1948 1949 

Gold ore. 59 44 U 50 41 33 24 19 11 9 10 11 10 8 5 

Go14-ai1y.r ore . 23 14 24 20 24 , 38 U 27 30 23 14 14 19 2S 18 

SHyer ore . n 48 32 29 30 38 34 21 28 24 23 18 31 32 19 

Copper ore. 17 9 23 14 15 12 19 18 10 14 15 13 19 13 13 

LeU ore . 88 78 88 79 77 118 '5 10 31 28 U n 51 82 39 

L.ad-copper ore . 2 _e -- - 1 3 4 1 4 -- -- 4 -- I --
• Zll1c ore . . -- -- 1 1 -- 1 4 7 7 8 8 8 8 5 3 

Zillc-!ead ou. 24 ' 25 ' 32 31 30 40 31 41 37 31 28 SO 38 45 38 

Zinc-lead-copper ore -- -- -- -- -- -- -- -- -- -- -- -- 4 1 S 

Tot at. aboye aillea 203- 1U- 189- 18S- 1'15 - ..l.a,t- 18',- 1U- HOe 97,- S.,- S8,- l1S- 118- 113-

Placers . . , . 31 28 14 22 11 21 12 8 1 .if oJ • 1 2 2 2 

uang &lie Be ore . . -- 1 1 -- 2 1 1 ' 4 3 I -- -- -- -- --
Uanganiferous ore . I 5 3 -- 5 7 (\ 1 1 2 3 I 4 2 4 

- A all1e producll1g lore tban 1 clal. of ore la cOUllted bIt once 111 Irrl'l.g at total for all claa,e •• 

I 

- 6· -
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TABLE I:I 

AVERAGE PRICES OF GOLD. SILVER. COPPER. LEAD. AND ZINC . 1935-49. 

(U. S . Bureau or Mlnes) 

YEAR GO,LD . . SILVIR. COPPER-. LEAD! Z1NC.~ 

(ounce) (ounce) . (pound) (pond) (pound) 

1935 ..... $ 35 . 00 $0 . 718.75 $0.083 $0.040 $ 0.044 

1938 ...... 35 . 00 . 7H,5, .092 . 048 . 050 

1937 .. ... 35 . 00 . 7735 . 121 .059 .085 

1938 · .. . .. 35 . 00 . 848 . 098 . 048 . 048 

1939 .... . 35 . 00 . 878 . 104 . 047 . 052 

1940 ..... 35.00 . 711+ . 113 . 050 . 083 

1841 ... · .. 35 . 00 ' .711+ .118 .057 .075 

1842 • • • • • 35.00 . • 711+ . 121 .087 .pn 

19U •• . • • 35 . 00 .711+ .130 . 075 .108 

1944 .... . 35 . 00 . 711+ .135 . 080 . 114 

1945 ..... 35 . 00 . 711+ . 135 .088 .115 

1948 • • .• • • 35 . 00 . 808 .182 . 109 . 122 

1847 ••• ' •• 35 . 00 . .. .AA$t . . 210 . 144 .121 

1948 ••• • • 35 . 00 . 905+ . 217 .179 .133 

1949 ... ·. '. 35 . ·00 . 905+ , 197 . 158 . 124 

., Y'ear1y &verare 'wel'glr.t'ed 'llrl'ee o·t 'all g' raetes -at pr i'alry ,w8'tUs so·ret r~J " . 

Producers . 

19U-1947 

Price includes bonus payaents bY ' Wetals Reserye Co . tor oyer-quota production: 

Prealua Prlce Plan expired on lane 30 . 1947 . 

- 7 -



GOLD 

YEAR ( PER TROY OUNCE) 

- -
U. S. MINT 

1935 $35 . 00 

1936 35 . 00 

1937 35 . 00 

1938 35 . 00 

1939 35 . 00 

1940 35 . 00 

1941 35 . 00 

1942 35 . 00 

1943 35 . 00 

1944 35 . 00 

1945 35 . 00 

1946 35 . 00 

1947 35 . 00 

1948 35 . 00 

1949 35 . 00 

, 

TABLE I T !: 

YEARLY AVERAGE PRICES , 1935-1949. 

(Engineering and Mining Journal) 

SILVER COPPER ' , LElD ; 
(PER TROY : OUNCE.) ( PER POUND) (PER 

U. S. III NT FORE,IGN DOllESTIC E~PORT NEI yon 
, NEW"YOn 

0 . 71SH 0 . 64273 0 . 08649 0 . 0'1538 0 . 04065 

. 7745 . 45087 . 09474 " . 09230 . 047 10 

. 7735 .44883 . 13187 . 13018 . 08009 

, . 6464+ . 43225 . 10000 .09695 . 04739 

. 6787+ . 39082 . 10'65 . 10727 . 05053 

. 7111+ . 34773 . 11296 . 10770 . 0517 9 

: 7111+." • 3478 ~ . 11797 . 10901 . 05783 

. 7111+ , . 38333 . 11775 . 11684 . 08481 

. 7111+ . 44750 . 11775 .11770 . 06500 

. 7111+ . 44750 . 11775 . 11700 . 06500 

. 7111+ . 51926 . 11775 .11700 . 06500 

. 808 . l . 80151 . 13820 . 14781 . 08109 

.905+ . 71820 . 20B58 . 21624 . 14673 

. 905+ . 74360 . 22038 . 22348 . 18043 

. 905+ . 71930 . 19202 . 19421 . 15346 

8 

COli liON ZINC 
POUND') PRIME WESTERN 

(PER POUND) 

ST . LOUIS ST. LOUIS 

0 . 03915 0 . 04328 

.04580 . 049 01 

. 05859 .06519 

. 04589 .04810 

. 04903 . 0511 0 

. 05029 . 06335 

. 05843 . 07474 

.06331 .08250 

. 08350 . 08250 

. 06350 . 08250 

. 06350 , 08250 

. 07957 . 08726 

. 14470 . 10500 

. 17843 . 13589 

. 1517 2 . 12144 
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PRODUCTS 1935 

QUlDtlty Value 

Aspb alt (Native) • sbort tons 35 . 829 $ 751 , 226 
Clay 

Product 8 a a 
Raw . sbort tons 15 ,817 121.718 

coal sbort tons 2 , 946 , 918 6 , 091 , 000 
Coke • short tons 120.857 a ' ''I 
Copper • pounds 129 , 515.217 10 , 749,763 
Fluorspar . sbort t on8 180 a 
Gold . Troy ounces 184.760 6,466 , 593 
G)'psn (crude) short tons a a 
Iroo Ore . long tons 16J, 010 a 
Lead • short tons 63 , 510 ' 5 , 080 , 767 
L1ae • sbort toos 15 , 957 152 . 586 
Manganese Ore . • sbort toos .. ------ --- ---
Mangan1ferous Ores,short taos 190 a , 
Natural Gas M cubic feet 98 , 000 22 , 000 

(est1aated value at .ells) 
Nstura1 Gaso1ene . . ' . gallons .. .. -.. -- - ----- -
Ores (crUde) : 

8 Copper . . . sbort tons 6 , 530 . 569 
Gold &ad Sliver , sbort tons 635,171 8 

• - Lead . sbort tons 78 332 ~ 8 
Lead - Copper • • ' • ahort tous 11' "1. 
Z'1oc sbor t ~ ons .... ...... .... -.. --- -
Z1nc-Lead . ' • • sbort tons 527 , 513 8 
Z1nc - Le ad - Collller a bart ton. _ .... .. :--- --_ .. -.. 

PUllice • • • • • • sbort ton. . .. --_ .. .. .. .. .. .. "' .. 
HcI1n (retined) • al111gra .. a a 
Salt " , , . • short tOUI 57 . 625 163 , 639 
Sand and Gr nel . sbort tons 1 , 811 . 105 1 , 030 , 687 
Sl1 ver . . • Trby - bunces 9 , 206 , 329 6 , 617 , 049 
Stone . • short tons 215 . 230 169 , 865 
sulpbur1c Ac1d . short tons a "I a "I 
P1g Iron . sbort tolis --- ... -- - ........ ...... 
TungateD Ore sbort tons 

(60S concentrates) ------- ... .. ....... -
Vanadiua • pounds ------- -- -- .. -
Z1nc . sboJ;t toos - 37 , 107 2,737,399 
M1scell aneODS -- .. ---- 4,005.802 

Total Values , El1ainat1ng " ~ - c 

Duplications .. .... _-- - 41,933.136 

,TABLE IV 

MINERAL PRODUCTS OF UTAH 

( a) 

1935-1939 

11136 111 3 7 

Quant it)' ValDe Quantit)' Value 
. 

33 , 731 $ 840.103 38,171 $ 983.628 

--- ---- . 567.624 --- ... ---- 619 . 950 
a a ' a a 

3,246 ; 565 6.619 , 000 3,809.476 8 , 648.000 
129 ; 963 a "I 156,316 a "I 

252 , 434 ,400 23 ,223 ,928 411 , 988.000 49,850.548 
700 a 431 a 

223 , 444 7,820.540 322.759 ' 11.296.565 
40 , 275 266.854 46 , 197 46 , 197 

15,4.181 3715 . 300 - 188 . 794 a 
69,886 6 , 429.' 512 89 458 10 556 044 
30 , 986 272,431 46 ,670 319,517 

... -- _ ..... ------ 32 297 
4 . 609 34 , 650 3 , 436 25 . 771 

92,000 19,000 2.366 , 000 471 ; 000 

.. _---- --- .. -- 367 000 19 000 

13 ,774,589 8 23 , 197,017 8 
572 . 821 8 485,152 8 

88 080 '8 152 691 8 
........ .. .. ------ _ .. ---- --_ .. --.. .......... ----- - 173 S 

562,402 8 743 , 242 S .. .. ... -_ .. ----_ ... -.. -- -- -- .. -- -...... .. .. ... -- ---- ---- -- ------
a a ....... -- ... -- ----

' 58 , 480 168 , 706 611 , 898 205 , 328 
2 . 267 808 1 352 . 296 2 345 451 11 . 158 387 
9 , 997 . 845 7,743 , 176 , 12 , 869 , 117 9 , 95'1 , 262 

422 , 230 230 , 067 453 , 540 315 , 985 
a "I a "I a'Y a "I .. .. .... .... ------ a "I a Y 

........... .. --- ... -- 24 a 

... ......... .. ..----- € € 

36 , 192 3 , 619 . 200 48 , 001 6.240 . 130 
-~---- 4 , 39'0 , 617 -,. .. _ .... 8,186.541 

...... --- 61 . 209,302 ----.- 105 , 652.422 

19 38 1939 

Qu lOt ity Valae Quantity Val ue 

28,650 $ 655 , 644 37.364 $ 1,059 , 034 , 
.. ---- 610.883 .. _._-

668 '. 717 
21.419 90 ' 79 0 29 468 111 414 

2.946.951 6 . 875 , 000 3 , 284,904 7.019 , 584 
140.181 a "I 197,51& a "I 

216.252,000 ' 21 . 192 , 898 3113 . '180 . OliO 35 , 753,120 
370 a 385 a 

200,630 7 , 022 . 050 277 , 751 9,721 , 285 
43,144 45 , 823 58 , 146 65 , 269 

169 . 947 ' a 262,087 a 
65 657 6 040 444 67 634 6 357 596 
25 , 748 18h390 38 , 437 268 , 557 

... ---- - ..... _- -- 50 a 
---- -- ----- .. 262 1,550 

4.277 , 000 ' , 937 . 000 4 , 854 000 1 , 033 . 000 

623 000 28 000 SOO , OOO 2ft oon 

12 . 032,385 8 19.602 , 472 8 
560.361 8 838 , 897 8 

94 883 8 77 072 8 -_ ... _- - .. _- --- ( , 9'5 1 l> 
83 8 --- --- ----_ .... 

560 . 948 8 (570,705 ( 8 
- -_ ... - ------.... _--- -.. _- _ ... ------ .. _ .... _-
---- -- ------ ------ --- .. --

81 , 959 192 , 495 68 , 100 202 , 244 
2 775 005 1 263 . 722 2 218 , 878 1 100 OI L 
9 , 682 , 732 8 , 259 , 544 10 , 758 , 657 7 , 302 , 846 

709 , 430 890 , 249 700 , 610 444 , 856 
a'Y . a~ "I a "I a "I 
ay a "I a "I a Y 

7 a "I a 
€ € € € 

33 , 658 3 , 231,168 34 , 526 3,590 , 704 
------ 7 . 046,700 .. .. .. _ ... 9,355,393 

.. -.. -- - 59,236.355 ------ 80,127.521 

a Value included 1nder " ll1l1cetlaneous "; also 1nc1uded UDder "Miscellaneous" are values for antiaon)'. arseotc, benton1te . blsntb" bituaen , (oatural su1pbona a 

ted), celent, d1ato.ite, fl/ller's earth, gells and prec10us stones , magnesite, lercury. atca, aol),bdenua, petroleua ,potasll , sod1oa sulpbate, suipbur , uraoiul . 

~ F1gures not a,a11ab1e . 

"I Value not 1oc1uded 1n total value for State . 

8 Not valued as are; value of recoverable aetal content included under aetals , 

E Included witb uraniua , 

" .. 

-
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19 4 0 
PRODUCT 

Qu ant it y Value 

Asphalt (native) sh.ort tons ~ ' , ' 32,000 $ 776,171 
Clay: 

Products. ----_ .. 630 , 523 
RU. • sbort tons 27 506 98 153 

Coal · sbort tons 3 ,575,586 7,871,939 
Coke • short tons 226,347 a.'Y 
Copper pounds 463,728 , 000 52,401,264 
Fl uorspar short tons 142 a -
Gol d .Troy ounces 355,494 12,442,290 
GYPsulI (crude) short ,ton.s 45,421 60 , 105 
Iron Ore long tons 326,500 a 
Lead short tons -.' 75 688 7 568 800 
Lhe , s'hort tons 49,413 306,357 
~'anganese Ore . sbort tons 27 a 
Manganlterous Ore short tons 2,102 13,134 
tJatural Gas . . M cubic teet 

(estip.ated value at wells) 5,124 , 000 ~ L063,OOO 
Natural G~soline gallons 722, , 000 28 , 000 
Ores (crude) : 

Copper short tons 26,3'01,745 8 
Gold an!! Silver. short ·tons 795 , 123 8 
Le ad . .. short tons 65,072 8 
Lead - Copper. short tons 8,510 ~ 
Zinc . ' short tons 26 8 
Zinc-Lead . • sbort tons (7 68 , 870 ( 8 
Zin~-Lead-Copper.sbort tons 

PUlice ------ ---- --
R ad i u I ... ----- ................. 
Salt sbort tons 71 , 472 191 , 263 
Sand and GI'avel • short tons 1.899,563 582 . 708 ' 
Silver . Troy Dunces 12.1'12,299 8,655,857 
Stone shot-t tons 1,024 , 660 693 , 127 
Sulphuric Acid • shor~ tons a'Y a'Y 
Pig Iron . sbort tons a.y ay-
Tungsten Ore shor~ tons 

(60Z concentrates) 14 a 
Vanadium • pounds € € 

Zinc short tons 43,788 5 , 517,288 
Miscellaneous ------ 10,431,709 

Total Value, 
Eliminating Duplications . ............ 104 , 392 , 989 

-
a 

TABLE IV 
MINERAL PRODUCTS OF UTAH 

(b) 

1940-1944 

1941 1942 

Quantity Val ue QU'antity Value 

36,476 $ 856,9:66 4.0, 078 $ 912,163 

---.... -- 758,000 ------ 1,000,000 
25 366 54 019 , "29 359 57 395 

4,076,779, 9,509,973 5, ~'16 ,a49 14 , 2.71,221 
24e ) 8Si a.'Y ,:l64,93S a'Y 

533,676,OGQ 62 , 973,768 613, ,382, ·000 74,219,222 
' H8 a ' I 018 a 

356,5.01 l2,47'l-,535 1,91,5H 13,704,040 
61,813 ' 78' , 147 .: 48,57"4 60,259 

355,0,06 a ' ',3 '19;814 ' a 
69 6-01 7 ' 934514 ' '11 93.0 9 ,lr3'8~20 

56,221 3S2,306 .' 57 ,609 392,912 
' 43 a . 970 2(1,650 
551 2,940 78 a 

5 , 562' ,000 1 , 145 ',000 5 :;·163,000 1,079 , 000 
808,000 45,000 '775,000 39,000 

3G,442,402 S 33 , ,6·1~, . 061 8 
622 . 650 8 43'4,234- 8 

77 I 979 8 ' 75,758 8 
5,278 &. 41 So 
2,3 Ga 8 l6,71 'D 8 

798,864 8 84i,837 8 
1,344 8 2 . 014 8 

... -- --- ------ .. .; .......... --- ... --
------ ------- ------
, 107 , ,079 1DG.US :, 110,6711. 290,940 

2 , 760 , 025 935,371 3 , 874 ',841 2,079 , 302 
11,395,485 8,1.03 456 10 57'4 '955 7 519 968 

408,140 3'40,551 285 ,170 318.261 
ai ay a'Y ay 
a Y a'Y a'Y ay 

30 40,1111 ~' . 29 41.511 
119 . 331 a 1.075,596 a 

42,049 6,307 ',350 ' 45,543 8,470,998 
----_ ... 16,048 , 855 .. ............ 18 , 136,720. 

------ 122',386 , 873 -- ---- 147,073,924-

'-

- - 1943 1944 -
Qu an tit Y Value Quantity Value 

76,987 $ 1,390,485 a a. 

- .. ---- 1,000,000 a. 
17 905 43 465 2i1 ' 152, j ,_, ~....L~...!L 

6,,665,936 19,977,743 7,119 , 261 22 '; 1)32 ,13 0 
324:,829 ay 760 , 874 a 'Y 

647,978,000 64,237,140 565 , 150 . 000 76,295 . 250 
~l a ~ ARR a. 

390,470 13 ,666 ,4~0 344,223 12,047 , 805 
a a a a 

911,.839 a 1,540,594 1,,74 2 ,876 
II ~ , 2 ~7 1I.7RR ~fin "2 . 519 8 403 ' 040 
59,811 407,753 51,202 379,550 

91 3,083 30 a 
18 a 32 , 141 a 

4,464 , 000 962 , 000 6,223,000 1,535 , 000 
666,000 35 ,000 924,000 50,000 

35,999,656 8 29, ,930 , 659 8 
352,475 8 241,337 8 

48,658 8 15 ,926 8 I 
53 8. .... ...... , .... .... .. , 

231 , 845 I) 95,968 8 
753,930 8 656,065 8 , 

114 8 250 8 I 
-, .............. ------ ------ ............. 

------ ------ -- ..... --
;;;~;OO I 169 , 810 562 . 293 119 , 809 

2,538 , 518 1 , 322,544 2,468 . 535 1,736,102 
9 479 340 6 740 884 7 593 075 ~5.!.Q .. 

390,480 416,821 363.880 363 . 285 I 
ay ay ay a y 
a.y ay a'Y ay ; 

21 37,042 9 13,700 
833,880 523,117 287 , 045 261 , 765 1-

46,89G 10,129,536 38,994 8 , 890,632 I 
------ 20,411,497 ------ 28,663,54t i 

l 

------ 164,150,000 ------ 149,558,000 I 

a Value included under ·M iscellaneous'~ also included u nder "a iscellaneous " are values tor antilony, arseniC, bentonite, b i smuth, bitulen (natural sulphPnated), 
, cement, diatolite. tuller's eartb, gels and precious stones , lagnesite, lercury , lica, lolybdenu I , petr oleu m. potasb. sodiul sulphate, sulpbur. and uraniul . 

~ Figures not available. 

y value not included in total value tor State. 

8 ~ ot valued as are ; talue ot recoverable metal conten t included under letals. 

€ Included with uraniul. 
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1945 -
PRODUCT 

Quant tty Value 

Asphalt (natlYe) short tons 83,123 $ 1 , 414,422 

Clay : 
Produc t s ...... _ ...... a 
Ra". o short tons 55 395 90 ' 295 

Coal • . short tons 6.6.79 , 063 22 . 798,321 
Coke : short tons 735,511 a -y 
Copper • pounds 452 , 752 , 000 61 . 121 , 520 
Fluorspar o short tons 2 , 97;3 a 
Gold .Troy ounces 27& 979 9 , 799 , 265 
GyPSUB , sbort tons a a 
Iron Ore long tons 1 , 925 , 572 2 , 170 , 334 
Lead short tons 40 . 817 7 , 020 , 524 
Lin , short tons 4'1 , 484 353 . 671 
Manltanese Ore . ... ...... ... ... ... _ ... _ ... 
Manganiferous Ores, short tons 5 , 001 a 
Natural Gas II cublc teet 
(estllated value at "ells) 6 . 562 , 000 332 , 000 

Natural Gaso li ne . gallons 867 . 000 52 , 000 
Or_e,s (crude) : 

Copper . . short toos 23.978 . 159 8 
Go l d and Sllver . shin't ' tonl! - 147 . 69-1 8 
Lead o shor t tons 24 . 30,5 8 
Lead and Copper . short tons ... _ ... ... - ..... _ .... 
Zinc • short t ODS 104 . 499 8 
Zinc-Lea d . short toos 468 . 530 8 
Zinc - Lead · copper short tons .. ... ... - ......... .. ... 

Pulce , short tons ... ............ . ............ 
Radin . (refined)lilligrals a a 
sa lt , shor,: tons 122 , 997 363.997 
Sand and Gr B'i'e 1 sbo r t t on s 2 , 147 , 910 1 , 280 , 578 
Sl1 ver Troy oun c es 6 . 106,545 4 , 342 ,, 432 
Stone . sbort tOllS 215 . 400 318 , 254 
SU I pbur ie Ac 1 d .. ay ay 
Tungsten ore ( 601) sbort tons € '1 •. 048 
Valiadlull pounds 97 , 572 58 . 154 
Zinc short t ons 33 , 630 7 , 734 , 900 
Miscellaneous . ... ~ ..... ... 28 , 357 , 793 

Total Values. 
Eli.lnating Duplications 

0 ___ '" 

127 , 961 , 000 

t= 
; 
~ 

~ 

tABLE IV 
MINING PiRODUCTS OF UTAH 

(c) 
, 
(1945-1949 

"" ' -1-
19 4 7 -

{ -
Quantity ,alue Quantity Value 

96,974 1$ ~, eI5.3e8- 99 . 192 $ 1 , 987, OU 

' " : 
... ......... - { a. ! ...... ... -... 1 , 210 ',000 
105 621 _ i ,9J , rn _I lILtll 297 520 

5,994 • 013 i!:448 , 859 i 7 , 428,699 29,211 , 722 
492,38'1 ' , a y I 1 , 043,465 a - y 

228 . 568,000 37 , 028 , 016 533 , 066 . 000 111,943 . 860 
2 , 370 ; a. 1,730 a 

178 533 Ii 248 655, _ r 421.662 14 - 758 170 
a i a a . a 

1,321,334 ,~, 372 , 109 2 , 821.293 2.860.739 
3'0 , 'Ill 6 , 694 . 998 49 , 698 14 . 313 , 024 
29 , 057 271.528 47 , 096 366,127 ......... _ ... ... ........ - ... ........ ... ... ............ 

- --
7 . 903 

, a 7.19E a 

4 , 252 . 000 213 , 000 11 . 040 .0 00 324 . 000 
578 . 000 ) 35 , 000 ___ ~85 000 47 000 

12' , .71 -, 208 8 29,02 1, 293 8 
79.875 , 8 171 , 741 8 
11 , 700 

) 8 27 • 194 S 
1 , 236 ! S ... .. ......... - ...... --, 

105 , 222 8 94 . 685 S 
578 .45 0 i. 

S 1 . 066 , 614 8 
... ...... -- or .. ........ 1 L5U' S 
~ ... ... -- , _ ....... ...... 7.500 30 , 0011 

1 0 185 a a 
121 . 699 339 . 505 113,285 340 . 02~ 

1. 653 , 010 992 , 083 2,945,943 , 1 , 612 , 354 
4 , llB,45 3 3 ,,32'1 , 710 7 , 780.032 7.040.92P 

404 ,3 70 591 . 940 178,1580 368,255 
ay ) ay ay a .y 

" 
27 , a a a 

63 , 188 37 , 3'10 48 , 94P a 
28 . 292 , 6 ,9 03 . 248 43 , 673 10 ~ 568 , 886 

... _ ......... 24 . 794 , 199 -.. .. _- 49 ,3 04 , 67 (J 
I 

: 
_ ............ 95 , 506 , 900 _ ............ 206,970.000 -

-
1948 1949 

Quanti t y Valae Quantity Value 

a a f3 f3 

a a f3 f3 
a a --f,L_ - A~:-6 ',7 16, 00 o'ETU 0 ,289 . 000 A f3 

1,247.087' a')' f3y f3y 
454.014,000 98 , 520 , 038 394 , 490 , 000 p7 . 714 , 530 

9 '.1 68 a f3 f3 
388 422 12 894 770 314 058 10 , 992 . 030 

a a a f3 
3,233.122, 3 . 296 , 058 2 . 580 . 000 ¢)3 , 125 , 000 

55 , 950 20 .03 0 , 100 53 , 070 16 , 770 , 752 
40 , 635 52 . 859 a f3 ... ............ ... ............ ... ... .. ...... ... ...... ... ... i 

2.694 a a f3 

6.610 . 000 397 . 00(1 a f3 
1140 .00 64 ' 000 a !2 

2 ~ , ;~4-~ -; ;~ I 
I 

24,458 ,; 362 8 S 
215 , 712 8 171 . 635 ' -

27 . 416 8 20 . 304 8 'J i f3 8 ... ... ... ... .... ....... ...... 
46 , 136 8 33 , 70S S 

992.717 8 842 , 441 8 
1 . 5R5 8 1 _ lOR S 
7 , 618 30 , 472 f3 f3 

a a f3 f3 
113 , 770 429 . 494 f3 f3 

2 , 278 . 184 1 , 368 . 562 f3 f3 
8 , 045 . 329 7 , 2S1 , 429 6 , 724 . 880 6 , 086 , 356 

271 . 660 477 . 654 f3 f3 
a y ~ f3 
~ a -L. __ 
a a f3 f3 
41 , 490 11.036 . 340 40 , 670 ~0.086 . 160 -_ ...... - 74 , 453 ,7 54 - .......... - f3 

1» ¢) 
... ... --- 204 • 75 2 • 0 00 1 ---- ... 11 68 . 000 . 000 

a Value included under · Ulscellaneousr also included under - Mlscellaqeous" are values for antilony , arsenic , bentonite. hislutb . bitulen . (natural sulphonated) , 
ce.ent. diatolite ~ ruller's earth . gels and precious stones , lagne~lte, lica, .ercury ~ 101y~deDu. , petroieul . potaSh " sodiul sulphate , sulphur, and uraniul . 

f3 Figures DOt available. 

y Value not included in t.tal value for the State . 

S Not valued as ore : value of recoverable letal content included undfr letala. 

€ Included with uraniul . ' 

~ Partly esti.ated . 
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KAJOR DECLINE FROK 1943 TO 1946 

I DUE ESSENTiALLY TO LABOR SHORTAGES. 

~ A~D STRIKES IN TWE INDUSTRY. EFFECTING . 
ESP£CIALLY THE UTAH COPPER MINE AT BINGHAM. 

71 1 1 1/4 
FROM THE LOW IN 1938 

TO THE ALL-TIKE HIGH IN 1943 

THE STEADY INCREASE IS DUE PRIMARILY ~ 
TO THE UTAH COPPER KINE PRODUCTION AT BINGHAM. 

WHICH STEADILY INCREASED FOR THE PERIOD OF 

WORLD WAR II. WITH LITTLE AFFECT DUE TO PRICE. 

. ...... , ...... -1', 

DECLINE IN 1948 

DUE ENTIRELY TO / 
~v . \ --- -. / V LABOR STRIKE AT 

,~ 

t\I 

01 1 1 1 1 1 1 1 1 1./ I\. / II" UTAH COPPER KINE. 

~I I 1 1 1 I I I I I V . \l//~ A N 10 

I I I I l V ... ,.!RICE ... _ ...... - ..... ~-p. - 1\ I~ROD~ION UPTREL. _~ ~ ~ 
~/f\' L - -- \ :::I 

>'" ...... r- ALTHOUGH NOT ENTIRELY It. 
, I r.. .-' - j FREE FROM STRIKES IS DUE - f--

~V \ ""..-'- -7' 1\ / TO A MORE GENERAL LABOR X. 
1/ / 1 \ STABILITY. PLUS A SII _I--- (J) !! 

2: ,.,' V \ V \ I I KONTHS PERIOD OF HIGHER ~ 
g~ / ~ IL PRICES. 

:.e / \V . u "1 "1 
DECLINE IN 1949 

I I DUE TO FALLING PRICES CD 

/ 

GENERAL RECESSION IN INDUSTRY . FOR COPPER AND TO CONTINUED 

I 1 1 1 I I • LABOR TROUBLE AT UTAH COPPER KINE. 

Ll I I I I I I 

0, I I I , 

1935 1937 

RELATION OF COPPER OUTPUT TO PRICE IN UTAH-1935-49 
PRICES CONSIST OF WEIGHTED AVERAGE PLUS OVER QUOTA PRODUCTION FOR U.S. 

III I I I I 1 1 U.I I 1 I I I I I 
1939 1941 1943 

Figur e 1, Page 12 
1945 

If) 

o 

1947 1949 
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1935 

I ~ " / , 
V \ BLIGHT DECREASE IN SPITE OF PRICE INCREASE /' 

, 
DUE TO DECLINE IN AVAILABLE ORE, " 

/ 
, AND THE MINING OF LOWER GRADE ORE. 

/' 
~ 

~ / 

I \ V "-~ If 
~ -~- ""'- l 

/ 1\ V \ " / ~ ~ .---- i 
/ WAR DEMAND FACILITATED MODERATE ~1h~ GENERAL RECESSION IN INDUSTRY 

GAINS IN PRODUCTION / I 

I 
V 

"' ~O 

" / I'0n I ~ 

BTEADY DECLINE IN LEAD PRODUCTION ~ 
// ~ 

V r-----.. 
DUE TO DECREASING LEAD CONTENT , 

IN DEEPER LEAD-ZINC ORES PLUS \ ./ / 1\ OTHER FACTORS SUCH AB / 
THE MANPOWER SHORTAGE 

~ " / \ DURING WORLD WAR II HIGH PRICE OF LEAD, -- PLUS NEW DEVELOPMENT, 

... -.... .. - '" 
I STABILITY IN LABOR CONDITIONS, , 

"" AVAILABILITY OF EQUIPMENT 

,," f"" " I 
RESULTED IN MARKED UPTURN 

q~\~ ;.' IN PRODUCTION TREND. 

...... .-1 " ,,' I I .-- .".-'" 1946 LOW DUE PRIMARILY TO STRIKES 

" --. AND LABOR SHORTAGES, 
;,' '"",. .... -.. --- to-- --~ PLUS DEPLETED ORE RESERVES. 

I I I I I 

I I I I I 
RELATION OF LEAD OUTPUT TO PRICE IN UTAH - 1935-49 

PRICES CONSIST OF WEIGHTED AVERAGE PLUS OVER QUOTA PRODUCTION FOR U. S. 

I I I I I I I I I I I I I I I I . I I I I I 
1937 1939 1941 1943 1945 1947 1949 

J'igure 2. Page 13 
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• SLIGHT DECREASE DUE CHIEFLY 

/
~ TO DECLINE IN TENOR OF ORE ~ 

o I I I I \ MINED I V- I \ 
en I I I 17 \ II V..J I I 

1/ )r---U /' j \ t><10 ....... ~,. 
J ' L -. I \ .... ~I ~ -,I 

o I I I '~_ INCREASE OF PRODUCTION FOR 1942 AND 1943 ........ V I ... ~ 
CO I I I / 1\ 1/ ~ DUE TO PRICE INCREASE, INSTALLATION OF" " . .., / N 

II\. J~ TOOELE SLAG FUMING PLANT TO RECOVER ~~_ -.~ 
IJ \ I / J, ZINC FROM LEAD FURNACE SLAG AND ioo"" I I I I 

I / / IA tf TO THE INCREASE IN ZInC CONTENT ~,.., "I\.. I~r--..... 
~ I V I I \ \ IN THE ORE MINED.) ~" I .......... II ~~ \ 1 .1 / "\ SHARP RISE IN PRODUCTION TREND 

/ GENER WAR DEMAND AND PRICE INCREASE / /, / DUE TO LABOR STABILITY, MINE 

V AL RECESSION IN INDUSTRY V I I "/ 

I I I I I 
CAUSED SHARP RI SE IN PRODUCTION II '\ MATERIALS IN GREATER SUPPLY 

~ I I I I I I / I I\. AND INCREASED MINING ACTIVITY 

III I I I I I I I I I I I 11/ / "V 
~ " I I I I I 
~ ,,' GENERAL DECLINE IN PRODUCTION FROM 194~ TO 1946 

o Ii IN SPITE OF PRICE INCREASE, DUE PRIMARILY TO 

en 

"0 
C 
:::I 

If 'SIO ./ OVERALL MANPOWER SHORTAGE, STRIKES, LACK OF 

j,/ OM: DEVELOPMENT, AND DIFFICULTY OF ~ III 
c: ~ G 

'" 0 I I I I""" L .. 1+-/ I I "1"'''1"''' I '"'''t I I i ,g 

v I I I i~'~ _,.1~ I CD (,) 

/ 1', ~ 

~j...-1 .... ;r ', ... - ... -

~ II--II---I--t--t- --II---I--I-~I ~ 

RELATION OF ZINC OUTPUT TO PRICE IN UTAH -1935-49 
PRICES CONSIST OF WEIGHTED AVERAGE PLUS OVER QUOTA PRODUCTION FOR U.S. 

O~I ---r---+---+----r 

1935 1949 1937 1939, 1941 1943 
Figure J, Page 14 

1945 1947 



SIGNIFICANT CONCLUSIONS 

From the information presented in the fore goin g text , charts , and ta 

bles, the followin g conclusions appear significant : 

1. The number of mines in Utah producing gold ore reached an all-time 

high about the middle 1930 ' s when the price of gold was increased to $35 per 

ounce and all production costs were low . The pronounced decline in number 

SInce that time has resu] ted from greatly increased costs of labor and sup

plies, heavier taxes , wartime regulations and d eterioration of properties , 

and high costs for mine rehabilitation , plus a fixed price for gold . There

fore, straight gold mining in the State cannot recover its former status 

unless many of the above factors are changed , s 'o that the purchasing power 

of the gold ounce can rise far above its present position. 

2. The number of mines in Utah producing s{l ver ore has tended to con

form In considerabl e degree to the pri ce of si I ver, al though many years 

show exceptions to this generalization. The period from 1940 . through 1945, 

with its wartime disturbances and a fixed price for silver, ' was an unstable 

one for silver mines in l1tah . Increases in the price of t he metal in 1946 

and 1947 were " accompanied by slight increases in the number of mines pro 

ducing silver ore, but tlhe> gain is ::;notr \consiaerede to t be of great duration. 

Therefore, increased interest in straight silver minin g In Utah must await 

more favorable economic factors. 

3. Copper output In Utah is dominated by one la r ge mine; consequently , 

changes In the number of mInes producin g copper ore are of little'signifi

cance. The price of copper has been a comman din g fa ct or In production, but 

other factors during the period under discussion ha ve been wartime demands , 

labor supply and labor relations . 

4. Utah ' s lead output is derived largely from zinc - lead ore rather 

than from lead ore; therefore, the two types of ore must be considered to 

gether. From 1935 through 1940 , a close relation existed between price of 

lead and lead output , and number of mines producin g lead and zinc -l ead ores . 

From 1941 through 1945, increases in the price of lead were not sufficient 

to overcome other unfavorable fac t ors, and both output of the metal and 

number of mines trended generally downward. The price of lead climbed suf

ficiently In 1946 so that the number of lead and zinc - lead mines increased 

slightly and output of lead al so would have gairied , e xcept for labor strikes. 

The upward trend in price , output , and number of mines continued through 

1947 and 1948 , but the sharp decline In lead price in 1949 brought corres 

ponding reductions in lead output and number of mines producing lead and 

zinc - lead ores . 

- 15 -



5. As with lead, Zlnc output In Utah comes principally from zinc-lead 

ores wi th considerabl e production from Zlnc ore and old zinc sl ago From 

1935 through 1940, the curves for Zlnc pnce, output and number of mlnes 

producing zinc and zinc-lead ore agree rather closely. From 1941 through 

1948, the agreement is less evident and in five of the years output dropped 

In spite of rising prIces, although much production was lost in 194(; because 

of labor strikes. In 1949 pnces, output, and number of mines all declined. 

6. From a study of the g raphs on copper, lead and zinc and the rela

tion of metal production to prices, it is evident that, because of complex 

economic factors, mush higher prices for base metal s have been needed Slnce 

1941 to draw out peak production in Utah, than was true in former periods. 

7. Table IV, showing quantity and value of all mineral production In 

Utah from 1935 to 1950, demonstrates the high rank of metals in the-State ' s 

mineral industri es. Al though it is very probabl e that most of Utah's non

metallic industries will expand in the future, it seems safe to assert that 

the State's basic industry for many years to come will continue to be metal 

mining and processing. 

- If) -





BIG INDIJ.I MIIlIG DIS'f1tIC! 

San Juan COWlty J Utah 

Lecatis, 8e~tioJl' 13 and 14, t. 'OS, R_ 241, San Juan COURt 1',. 
Utah, 

.l tield check ft' u.de on thr.. mera! claiu 
Big Indian ar ... on "'1' 8, 195). '!'he,e cla1.ll. a.r. , 
Norine and Maxine reep.ct1~ly. 

,he.e Cl.a.ial are .itaated on the top and ••• t nank ot 
• .teeply dipping Jlonoc11ne. The .urtac. rocka haft aD appros-
1ute .-s .trike and dip ",0 toward the ."t. 

GJX)LOGIC 

Tb. W1.Dgate .andston. ot Jura.,ie age Ct"0p. out and 
fora the top of the ••• ttrard dipping hogback. Due to len.in, 
and ero.1on, the W1n«s.te rang.s ~twesn 175 and 275 f.et in 
thickn •••• 

I_e(liately' below the 'I1l1late lie, the Chinle fortl8.t1on 
of Tria •• 10 age "hioh cons1.t. of red, gray and green .hale., 
butf to br01ll1 sand.tone. and conglo .. rat •• near itl 1Iiddle and 
ba.e, and llinor gray to butt liuaton •• at or n8&r i tl base. It 
i. in this lower .one that the _Jot' or. b~ is foun'. 

It is bell ved that the Shinaru1lp conglomerate i. either 
ai •• ing in the Big Indian .rea or i8 pre.ent only' in aall 
patohe.. lIore 'etaUed field . 'tudie. would be ne08'''17 to 01lt
line 1 tl pre.enee. rhe pr._ ... of 11MataD.. in the ore bodT 1. 
iBdioatift ot Ch1Bl. an" 1. autt1o~_t proof that tbII eft 1. n.t 
h'ca 8h1DaNap a. pre"f18ll4y thcMlh\. ,he 8h1naru,p i. ba.lcal.l..T 
& oaatinental c1epealt of and and con,l. .. rate thrOlllhout the : 
Pour Corners area and lill •• tone. are never present in that type 
ot .edimentation wlth the exception of ~ few tre.h water type •• 
Good aceumul.atlon of UraniU!l and other ores are found :in the I 

Sh.inarua~ in 1Wll places. Where the Sh1nal'Ullp i •• eli developed, 
the po.sibilities of rather wi~.pr.ad mtneral1aatlon can be 
expected. 

!he lIoeakop1 118. UIleOn!oraably belcnr the Chinle foraa
tlon in thi. area. SQia. apotty lI1nera11l&tion hae been repol"tei. 
in the Woenkopi 111 the Pour Comer. area, howeftr, the f'oraatiOll 
1 •• entioned here ."l."ely to outline the 8tnticraphio M4luenoe 
at this ilIIIIed1ate Vicin1ty. 



BIG :cnDN MINING DISTRICt 
San Juu' County, utah 
pa,.2 . 

bCOIDRI>J.TIOliS JliD DISCU88IOI. 

It i8 recolll1len&td that three holes be Grilled t hrough the 
lner GhiJlle fOl'l'48.tion. ill three holes "re oxpected to be about 
'CO, feet ~P~ The first hole 'ho~d be drilled .oa.-here $outb 
of' the irlddl. of the, Horine claim. The 't.enain 1dll be a maj Ot" 

f&cto1' in 'meidng the 8Dct location fol' the te.t. The locatio. 
of the other two h~le. would 4epand upon the result, of the fir.t 
hole. 

The ~l?Proved pt'oeedure is tQ drill 'With e. regular roek bit 
to .. greeni.h tonglo.ere. t. near the top of' , the ore b0d7 then clia
.ond cor. thTOugh~' Fosp6ctl'" horilOZl-l' 'I'M price per hole 1;e 
$4.00' per t90t contracted. Three 5Qo-f60t holes at '4.00 per foot 
to~ $6000, ' ...... 1" it ia b.li ..... that SO to 7~ t .. t 'lall ~ , 
e',laSn.W 'Dr ~J 1n~ ,-....:u .. ,.. ' whil1 ~ ... i th. 'elaU,. 

, !he Nft .t '1'e&4l buil.baa ,fti' •• -''fill,_ Ul bil11ll~ .oo.~ •• t 
be oaa81.e~ .wn.a ~'lo~ti~ •• ' , 

lfter t~ holes are drilled the Atomic Energy COmmie.1on 
will run • Gamma ray log UpOD ~eque.t on eaoh hole tr., or charle 
to tru. operato,.,. The GDIIIa CUl"ft 1'.nect. radioaeti-vit,. in COli
parativ.quant1ties. 

rt ore in oo.aero1al ~titie. *04 ,ualitle. i. bloek-' 
out by qore dl"lU1n, a _oi.1CJ1l •• t b •• de a.. t.o the probabUl tT 
or siDking a shaft or eutt~' a tunne~. The advantage of a tunnel 
1. it. ohMp.1' co.t' per toot' an being i.ble to Ilin. the poore ... 
gra •• of are a.s it ie "cut.. Jiaintwanee coots after eoapletion :La 
anQther factor which a'lJpea'r$ ' to favor t"\lW1tiing. . 

The onl.,. logical. place to etart 4 tunnel i. in the lOUt}}. 
••• t comer of the lIaxiDe elaiIl when tbe a1n.rali.~ llOne 1. 
expo.ed on the west 8i • of Gyp.u& Valley~ B,tore a decl.ion i • 
• 4. a JIIining engine.r shoul.d be- eon.w, ted rega.rdiDg Co.t. of tun
nels V8!'IJUS shaitl. , 

Silat, C. 11'01ll1 

Kay ll., 195' 

SOSsO 
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p. o •• s 1240 
...... . Colo:raa. 
lull 1, 195$ 

'l'OWIDrP 2' Hom, RAllO S 6 A 7 Wist 

UBGO LUSZS. 1%0 ADDl cooer 
.. MIX:CO 

!he .~ delcrlb~ ' elt. w.re esaalue4 la \he tle14 aad oo.,parea wllb 

lOC' ot ,he •• tour ' •• '1 were broucht to our ottlce. In ~raaco tor "ud7 

vUb other 1.,. ud da'. conring _ ana •• b_olec appron.'ell' 900 

uata~~bl. coadttloul tor co ... rc1al ca. pro4uctioa tl'o. ,be Ptc'ured 

CUftl 'onatlou 1a tOftlhip 25 "db, ...... 1 w •• t wi 'h 'h. lzolpUoa 

0' the ..all local are. In Seotloal 1) &ad 24 where local ..ad 4 ..... 10p

me. II tanrable . !he Pictured CU, I I .. d.,oa. 11 poerlT d .... elope4 1. 

a.oun. ,. and S, where tbe threl an .. wl1. _re drill.d. 

v. b.l1 ... 'ba' ao,. t&?OJa'bl. co~l'loa. tor 00"'1'0&1 ... troa \be 

lotured Clltt. fonatioa vill 11, touad t. 'l'oWll.hlp 25 •• rth, lIup 6 

V"' . proM'b17 aorthe •• t ot aa .rbUral7 Une drawa tJ."01D 'he aorth ... , 

coneI' '0 the lou'h ••• , aoraer 0' ,hat .... 'eva,hip. »- ,. ,he _tUrI 

.f the .'raUcraphle chuCe" the anl'ra1'7 Ua. will Il' a_b' 'be .e"'. 
&ad ca. poteaUall will ..... 1'7. 
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V. nc .... ad: 

1. Jo drill1 ., bt, tiM 0 the "l'!'ft •• '.al. le.lee til' 

a. Section. 19 .. 20, ovaahip 26 Borlh, BaDp 1 '_d. 

,. 'eotion • .5. 6. !'owaahlp 2.5 "I"th ...... 1 Veat_ 

C. .ctioaa 2" 2'*. ,. 26, fOWD..hlp 24 .onh, It.Dge , 'eet. 

2. !M drll.l1Dg of On801' ISO" vel1e '0 the Pie'llred Olltte , • ..-tloa 

u tho 1»lock In feva.hlp 2$ ."'h, JaDce 6 w •• ,. '!he tln' tee' 

Ihoald be lo~'ed 1ft Section 22 of that !OWD.hlp. 

Due to the proJe.tton of the aaad ooad1tionl and other pertlaaa' da\&, 

we lieU ... l' ~.ldble to ca' tair to ~od oo .. rcial .. 11e tll tlle 

Plet.red Oliff. to~t1oa at or aear StatIo. 22. rt 'I POe,ible to 

1Ia •• local ua'.yorable iaad &Ild .. tel' oondltioll •• but the,e an •• ete4 

to be quita 10cal1 •• 4 and ... 11. Ik. 1.a8.1 ia Seot10nl 21. 22, 2), 26, 

27 • 34, towehip 25 Borth. JaDge 6 WtIJ.t appear to h the moet '.ftrable 

tor eoaaercial production of «aa from the Plet~d Olttt. tonaatloa It 

,...,.1'17 drilled and completed. 

.After preduction 1, e.tablhhed fro the Ptc'una OUft, I.nation ude .. 

the abo .. le.le, we wOUld 11k, '0 pnpo.e OIl. or .ore •• dJDental ted. 

to lnft.tip.t. the poea1billtT ot 011 and/or ca. troll clrta.ta deeper her

iaoa. a' .eleot.d location.. thi. &bJectb'a would conett 'ute All enUreq 

a.v ,rojeot whlch ~ ba daleJe If the Warren .t. al. 1 ••••• do •• , re

quire lamedl.'. drilling. 

prop.r eYaluatloll at thl. t1.e. ., proJection. of • ..a de~l""Jl' aad 

wa'.r •• croaaa...t ito •• , \he Pte'uzed Cl1tt. toraatlon 40ee aot appear 

'.0 t.yorabl. tor commercial production ot ca •• 
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DllILLIIG AlDtOftl1fl PIOCJRPBI 

ttovneh1p 25 .orth, ..... 6 w •• t . ahould be ¢r1Ued wnh pa 01' cOllJre •• ~ 

alt. 1t It 1, Dot po,.lbl~ or • oao.1eal UDder Wildoat condltloal , 'hi 

ttr.' well Ihould be dr1~l.d. vi th rotary equipaent ualng proper IMlct. ,. 

about 1 to J teet into the top of the Piotured Cltft ,and,toll. croup. 

Jetore •• tting ad CI en'1D« casiae. th 0 n hal sh ul lOCl.d by 

Schl_~r«.r or tafte-W.ll.. .loth lOCI . would be prefaralJle. 'or ))l'Opel' 

.yaluaUon ot the dat 1t is aclYleable to haye SohlUll'berpr', naieUTi", 

and •• 1t pot.ntlal loge d~. .- ells Oemma aad leutroD 1 • 
Attar .etting Met o ... nU g tbe c.elnc, the o ... nt should b, allowed ta 

set tor 72 hour , during whioh ti th , rot r.r ric oaa be aOYed and a 

lpua4.r rl t-up. ~e Ipu4d.er rIc ,bould 11 the ole 417 to teat 

tbe CeMltt job. It ther are!lO cae1nc or p11lC leak • the pudder ehoule! 

dr111 the plug, ball the hole dry qa1n aad. te.t tor water 1n the upp.r 

Plotured 011ttl . It the test i dry. the lpu.dder Ihould rill d .. per 

a' n .. taat int.naia and continue ,,,UD« tor _'.1' or cae. W. raoo .. 

a.D for thi drl11tDg the UI of crude 011 vloh can purc •• a. 10-

cally or at Chroao . Ooloraao for $2. 25 to 2. 60 per b rrel. ~. OB17 

eneugh 011 1n the hole to COT.r the tool about 30 to 40 te.t . It 

Bee lIalT, UI. a tana. pump to pick up the- cuttlDC . All ,reca11t10nl 

ahoul4 be taken to .ell lnate tirs iliaI" a' the 1'1, due to ca. tlow1 

tro. the hole sad allO due to ,..-ctt' 011 When the bailer aad eand p~ 

d "utroll 

ourY" and oTerlap 'hi fir.' loCC1Dg ran lubetaQ'lally. , 

Atter oompleting thl f1rat , well aa & g~ well , It m1ght • aore .cono.leal 

y . .... 



&ad quicke,. to dl'111 til .ublequat welle ualft« cu. Drill! DC vi th ca

.benld be done by 1Dc. C0!1Yeot1onal core bit , thu. obta1niag eor •• 
; 

which ~ be ... ined for lUholOQ. poroe1ty and pel'Ma)lltt,. AI 

the eaad- t ok _thod 11 belD« iraprO'Ved It ..,. be po_dble \0 drtll the oom

pl ete hole .1 th I'Ot8ol'7 and tack tiarough the mud cake . !fbi. _thod 

.hould oalT be used in pro ... n field_ and h being u.ed 111 certain 

area at the p,. •• nt t1 ... 

I1ULLmo co 

on the arr.a :3 well 18 .. talr1,. r .. aollab1. QCneJDent tor a wild.' 

te.t. the -tUl'D-kq· contraot 18 some protection 1 .. w11"ca' I'M 

/ but lupel"V'hlon by a C olOCh\ 11 nece.,a17 at all U ... 4url th. 

'.a,1 of the obJectlTe hor1Ion.. ~re 1. too much tea4ellQ1 to pOAch 

.. hel 1n th4J ground vi thou' the d lq_ tor proper te ,. and proper 

ooapletioal • 

•• 14 •• the 'Potah DrilltD$ CG!lll_~. the tollowi nc contractore haw beea 

no<*aendea by the ftrlOUI independent, and cOIIP&h1ee in the San 111M. 

llal 

1. Canoll Drill1nc Com:PUT, Jansinet oB, _.w Mexico 

2. Great i,atem Drl1UDg Compa.!Q'. Jo 606, 1'armtuc'on. I . Nez. 

3. Jr. I . LiDll ri1ltnc Corp •• 4131 W. Mala 7UmlDCton. I . Mex. 

1'M a._ Puc_" reement v1 th the 11 Paao Jlatunl Gas ColIp&D¥ 11 

ccma1dered .tandard thro bout the baain tor Pictured Cliff, I . 

PlWria10DI ha .... be.D _de tor the Seller to 111.\&11 I.panto an4 other 
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da.10.. to r •• o.. and retain all 011 and o\h.r hr4rouar'bone ao~llJ 

prot ... loa • 

.. 4 other pertiaout daN.. 110 rollable nte" •• oU., •• ou be _de at 

thi U .... 

8114. C. ron 
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SILAS C. BROWN 
{!on!J.uttLnfj §l!.otofj i!J.t 

THE SPRECHER URANIUM PROOPECT' 

MoKinley County. New Memoo 

Introduotion 

The field reconnai s'sance work of the Sprecher. et ale 
properties. which consists of Seotion 36, Township 16 North, 
Range 18 West, N.M.P.M •• MoKinley County. New Mexioo, was oon
duoted on October 30 am 31, 1953. Sil10e the survey was of a 
reoonnaissance nature a detailed map of the area was not made 
and apparently is not available. 

Evidence of Uranium ore enriohment was noted in the 
Dakota ooal hori&on and in probable Morrison sandstones imme
diately below the Dakota formation. None of the shows within 
the area outlined was of oommercial quantity or quality, but 
more exploration work with the bulldozer or oore drill may out
line cammeroial ore bodies. 

Geology and Dis'OWIsion 

The Morrison formation (Jurassio) is' exposed in the 
s;outheastern part of Section 36 .. Township 16 North. Range 18 
West. Going toward the northwestern part of the same section, 
the Dakota, Mancos and Mesaverde formations (Cretaceous) are 
expos:ed. 

The Morrison formation is considered an objective ex
ploratory horb'on based upon enrichment found in "Gragg Rook", 
a. boulder whioh had fallen from the Dakota-Morrison cliffs • . 
The boulder is either of Morrison age or is from a transition 
&one between the Morrison and the overlying Dakota for.mation. 
More exploration work should be conducted along the Dakota
Morrison contact ~Dne. 
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The main zone of enrichment in the area studied is in 
the "Coal horiz~n" of the Dakota formation (see sketch seotion). 
Caumercial ore has been mined !'ran this Z'one at the Hyde Mine 
in Section 12, Township 15 North. ~nge 18 west, about one and 
one-quarter miles- S'outh of Section 36. Extending along the same 
Dakota outcrop northward from the Hyde Mine are two spots' which 
gave a higher gamma oount than the normal background oount, but 
neither appeared to be of oommercial intensities'. These "hot" 
spots' are, however, plaoes Where more exploration work should .be 
conducted .• 

Arty sand. development in the Mancos formation should be 
ohecked with the S'cintillator but very little sand development 
was observed in the Mancos in Secti on 36. 

The Mesaverde s-ands which occur in the extreme north
western part of Seotion 36 should also be checked with the scin
tillator; especially those areaswhere the S'andstone beds thicken 
rapidly, indioating channeling. 

Ma~ geological features occur in the area which are 
favorable for the occurrence of Uranium ores in oommercial 
quantities' and quality. First, the steep hogbaok is a zone of 
weakness along which Uranium. ores mAy have migrated upward frail 
deeper sources. There is no evidenoe of faulting at the surface. 
however, the steeply dipping beds may be faulted with depth. 
Primary and seoondary Uranium. ores are generally found . near these 
zones of weakness and the seooDdary ores are found in diminishing 
quantities away from the souroe. 

Seoond, saIld development in the Morris on. Dakota am the 
Mesaverde formations:. especially where ohanneling is present, is 
favorable for deposition of Uranium ores. 

Third, and probably the most important fact, is the pres
enoe of same enrichment in the area even though that at the sur
faoe is not of marketable value. The surface indications- at the 
Hyde mine to the south were not oommeroial at the surfaoe either. 
but the ore value increased to commercial percentages with depth. 
Therefore, these enriched areas are the obvious places to s.tart 
exploration work for possible richer ore bodies with depth. 
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RecanmendatioD$' and Conolusio~ 

To summarize: The presence of a z"one of weakness, the 
apparent channeling of the sandstone beds and the presence of 
s'ome local enrichment indicate that the area should be further 
explored. 

It is recommended that the Dakota ttcoal tl horiznn be 
thoroughly explored with the scintillator and the enriched zones 
be bulldozed to check the possibilities of richer ores with 
depth. Because of the high angle ' dip of the beds, especially 
in the southern part of Section 36, only a limited number of 
core holes are recommended near the outcrop area. If the bull
dozer work opens up richer ore than that at the surface then 
core holes may be planned to test the horizon at depthlJ below 
the limits of the dozer. 

Going eastward in Section 36 where the Dakota beds cap 
the mesa, spot core drilling should be attempted. This coring 
campaign should test the Dakota and about the upper , 25 feet of 
the Morrison for the possibility of enricnment in that horizon. 

If enrichment is found in any of the exploratory holes 
then offset holes within a radius of 100 feet should be drilled 
to outline the limits of the ore body. The cores and cuttinglJ 
should be checked with the scintillator as the hole is being 
drilled. Good representative s'amples of the tthat" cores and/or 
cuttings should be oollected and an analysis be made of each. 
The thickness ani richness of an ore body must be outlined for 
proper evaluation. 

Respectfully submi ttecl 

Sllas C. Brown 

Durango, Colorado: 
lIilrch 6, 1954 

" , 
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WHITE CAlYON !RIA 

San JUaJl County, Utah 

a.. .1 IUbal1ttal by' Mr. W. 'I. Goforth, .t al, 
pertaining to 102 Mineral Clailll in the 
White Ct.Q)"OI1 ar .. , San Juan CountT, Utah. 

I , 

~ rapid 'field ,ch.Ck was aad. on the· .bove claias ~ on I&y 
7, 195' • . A aore thorOl.lgll • . tudy woud be n.c ..... ry before 'its 
Urania R~ •• ibUi.t~." coud be •• c.rtained. I TWo ar.a. were 
DOted where aed1ua gracl. lJraal .. ere (18t. O.~) could pro~ 
ab~y b. miRed. , . 

• I 

lIineraliation is found pl" oa1nantly in the Shin-
al"Ullp eOJlllo er te with SQ •• apparent ainet'&lisatfon in the 
baaal ... ~r of the Ch~e toraation. Thi8 i8 the same son. 
fro. which the -uin ore bociT ie a1n.d at the HappY' Jack Ilin. 
abou-t 5 aU.., to the 8outhwe.t. In aIao.t •• '1"7 calle whe~. 
Uru1_ a1Deru8 ~:l'" found they ar. ·inter-l'elaW with oopper 
r. ~ph a. If&lao~~ aD . Ahr1. te:. eAuw. 1s con~1C11ouaq 

, a t i,Ja thi. pal'''~ of the 1Qrl.te e"7on aNI\' COlI red to 
"~ ,aU.,. (~1, Ia41,a a ) where .Vanadll11l $.s the -JOl' . 
, bT-~ct. . ; . ' 

. . 
, T.po(l"aph1~l' the ore lone 1i •• within 300 t.et ot 

the top of hleh •• sa.. The Deds dip to.ar the ••• t about 2 
to 3 d.gree. 80 oy, tunneJ.. ~cm.1 th. ' ore ' horl.OIl would have 
only a ~ght lIulline", A rec.ntly cOllpl.t.4 road llakel .o.t 
of the ana .. e •••• iD1.. . 

a.o.-~tion,: 

If the-se Glaaa can be aoctui-rM Wi thou t an ou tpu t of 
ca.n, 1 t is recoaMnded that '1000 to 1500 be .pent on tu
nell to check the extent ani riebD .e of the .bO~" ar.as noted 
durag the ·r.O~8aan." 8Ul"ftY. 

It has bQn eugeated that a fllght be made over the 
area tilling • nintill meter to ••• if ahota area8 can be de
tected. . Good pro'peete have ~en lo~ted by thi8 .ethad and 
ahCNld OM"t&inly ~ con.i4eHdw 

The ~e~nnai8aaJl.. fleld · oheck did not indicate -hota 
area8 or any "'gl:Litu4e, alth ugh th.y -7 be preMDt -.1thin 
the area auba1tW. Due to the 1&rp thickn ••• of ov.rburc1_, 
core drillin, 1. con_ili.r.d 1lIpract1cab1a tor hapha'sar4 cb'1ll
ing ura... .oae good ,ro~cti ve are.. Call be ,detected .1'tr8t. 
Th. ny1ng '.elntill ... Wr JU.1 be the an.".r to this.' It i. 
pos.ible to det.ct sore favorable ar.a8 by' a aore d.tailed 
field .tlldy but thi would eon.titute an outlay ot 1500 to 
11000 .hioh ~ or .. y Dot ~ ott. 

Ba.ed upOll the abo ... dieou •• lotl, it apJ>M,r. that a 
night Gv.r the area with a l.int1Uoaeter to,.ther with lia-
1 ted turm.lini in the -hot- areas noted would Pe the ebeapelt 
and lIOet practical _y to .ruuat. the area at this 'tiae. 
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Side-Looking Radar Mosaicking 
Experiment 
A numerical sequential radar block adjustment resulted in 
improved accuracy in the mosaicking of radar images. 

(Abstracts on next page.) 

INTRODUCTION 

C URRENTLY PRODUCED side-looking radar 
image mosaics were accurate to 

within an RMS point error of about ± 150 
m. This was concluded from a unique set 
of 24 overlapping side-looking radar strips 
flown over a well-mapped area of more 
than 90,000 km 2 covering parts of Ohio, 
West Virginia, Virginia, and Kentucky. The 
topographic maps at a scale 1:24 000 that 
covered the imaged area permitted an 
analysis of the errors of individual radar 
images and of the final radar mosaics. 

We have taken advantage of this extensive 
radar coverage of well-mapped terrain to 
analyze the accuracy of some of the radar 
mosaicking methods that are currently 
applied. We have attempted to obtain some 
quantitative insight into the effect of the den
sity and distribution of ground control 
points on the accuracy of the final radar 
mosaic. 

The data confinn the expectation that a 
numerical sequential radar block adjustment 
provides results that are significantly more 
accurate than those obtainable from a direct 
mosaicking process based on tielines (result
ing in so-called semi-controlled mosaics). 

* NAS-NRC Resident Research Associate 

We also conclude that the use of tielines 
cannot very well be justified by either the 
mapping accuracy, or by the convenience of 
the mosaicking process. 

These conclusions are developed in a 
series of numerical experiments based on 
measurements of pricked points in the com
mon areas of overlapping radar strips. We 
will describe the image data and measure
ments and follow this with an outline of pres
ently applied radar mosaicking procedures. 
The discussion of the achieved results will 
then provide the evidence on which the 
above conclusions are based. 

IMAGE DATA AND MEASUREMENTS 

An area of about 400 x 250 km2 in Ohio, 
West Virginia, Virginia, and Kentucky (Fig
ure 1) was imaged using the Goodyear 
Aerospace Corp. GEMS 1000 synthetic aper
ture radar system which is operated aboard 
an inertially guided Caravelle twin jet of 
Aero Service Corporation. Ground resolu
tion of the images is about 12 x 12m2 • As in 
most missions with this system, the aircraft 
flies at an altitude of about 12 km and follows 
the meridian within the accuracy of the iner
tial guidance system. The imagery employed 
in the mosaicking experiment was thus ac
quired in north-south oriented flight lines, 
with the radar looking west. A side-lap of 20 
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ABSTRACT: A block of 24 overlapping synthetic aperture side-looking 
radar images flown over a well-mapped area of about 90,000 km 2 

covering parts of Ohio, West Virginia, Virginia, and Kentucky pro
vided an opportunity to evaluate the mapping accuracy achieved in 
current radar mosaieking projects. The maps of scale 1:24 000 that 
are available in the imaged area permitted the study of the geometric 
errors of the radar mosaics and of individual radar strips. An es ti
mate was obtained for the e.ffect of the distribution and density of 
ground control points and for the accuracy of different mosaicking 
methods that are currently employed with synthetic aperture radar 
images. It is shown that a successful radar mosaicking process re
quires the elimination of image errors of up to several kilometers . 
These errors are introduced as a resul·t of the limited precision of the 
inertial aircraft navigation. An example of a radar mapping effort in 
which the navigation errors could be eliminated is presented. The 
resulting radar mosaics have residual RMS mapping errors of 
planimetry of about ± 150 m. 

ZUSAMMENFASSUNG : (Ein Experiment ueber die Herstellung von 
Radar-Bildplaenen Ein Gebiet von etwa 90000 km2 in Teilen Ohios, 
West Virginias, Virginias und Kentuckys wurde durch ein Radarsys
tem mit synthetischer Antenne abgebildet, sodass ein Block von 24 
ueberlappenden Seitwaerts-Radar Bildern erhalten wurde. Diese 
Daten ermoeglichen ein Experiment zur Emittlung der Kar
tiergenauigkeit, die in gegenwaertigen Radarprojekten erreicht 
wird. Die Karten im Masstab 1:24,000, welche im aufgenommenen 
Gebiet . ... Untersuc.hung der geometrischen Verformungen ein
zeIner Bildstreifen und der Bildmosaike. Weiters kann der Zusam
menhang zwischen der Kartiergenauigkeit, der Dichte und Ver
teilung von geodaetischen Kontrollpunkten sowie einiger Methoden 
der BildplanerstelZung untersucht werden. Die Arbeit zeigt, dass die 
urspruenglichen Radarbildstreifen Verformungen bis zu einigen 
Kilometern haben koennen, die durch die beschraenkte Genauigkeit 
der Flugzeugtraegheitsnavigation verursacht werden. Es wird 
jedoch gezeigt, dass diese Fehler in der Herstellung von Radar
bildplaenen durch eine numerische Blockausgleichung eliminiert 

- werden koennen, sodass die verbleibenden mittleren Fehler der 
Radarbildplaene etwa ± 150 m betragen. 

RESUME: Un radar a ouverture synthetique a ete utilise pour imager 
une surface bien cartographiee d' environ 90 ()()() km2 couvrant en partie 
les etats d'Ohio, Virginie de l'Ouest, Virginie et Kentucky. Un groupe de 
24 images a permis d'evaluer la precision cartographique atteinte 
dans les mosaiques d'images radar. Des cartes d l'echelle de 1:24000 
qui sont disponibles pour la region, ont permis l' etude des erreurs 
geometriques des mosaiques et des images simples. Une estimation 
des effets de la distribution et de la densite des pOints d' appui a ete 
obtenue, ainsi qu'une estimation de la precision des differentes 
methodes de construction des mosaiques, qui sont employees pour Ie 
radar d ouverture synthetique. II est demontre qu'une procedure 
exacte pour une mosaique d'images radar necessite l'elimination 
d'erreurs jusqu' d plusieurs kilometres. Ces erreurs resultent de la 
precision limitee du systeme de navigation a inertie de l'avion. Cette 
contribution presente un exemple de cartographie au moyen d'un 
radar. Dans cet exemple les erreurs de navigation ont pu etre· 
eliminees. Les mosaiques finales ont une erreur planimetrique d'en
viron 150 m. 

j 

control is available, then the mapping ac
curacy reduces somewhat, although not 
dramatically (Figure 3, cases (c), (j), (h)) . It 
appears that control along the perimeters 
in the flight direction is more esse ntial 
than across the flight direction. Along-track 
scale is well transfe rred across adjacent 
str ips, but the effect of the s trip's curva
ture can be eliminated only by at least 
one linear array of co ntrol points in the 
flight direction. 

COST 

In a comparison of the effort that would 
have to b e expended for the various 
mosaicking techniques, it seems obvious 
that a lack of consideration of ground con
trol points would res ult in a less expe n
sive mosaicking effort. The same seems to 
hold for an approac h based on tielines, 
only adding the extra effort of acquiring 
the tielines. In both cases, however, unrec
tifi ed images have to be mosaicked and 
therefore an e xpensive iterative trial-and
error process is required to produce 
photographic paper prints appropriate for 
mosaicking. 

The numerical adjustment of the radar 
block that is presented in this paper re
quired less than 1 per cent of the total 
mapping expense. This had to be spent for 
measurements and data processing, but re
sulted in exact prescriptions to the 
operator of the image correlator and to the 
photographic laboratory for rectification of 
the images. This permitted saving the ex
pense of an iterative trial-and-error process 
that would have been required had no 
numerical adjustment been carried out. 
We believe that the savings outweigh the 
investment in the numerical method and 
conclude that the presented numerical ap
proach to mosaic king is not only more ac
curate, but could well be even less expen
sive than the method employing tielines. 

The SHORAN-based radar mosaicking 
method remains, then , as the only one to 
require sizeable additional expenses. In 
the present case this would perhaps have 
amounted to a maximum of 15 per cent of 
the total mapping effort. We believe, how
ever, that this would not have permitted 
us to achieve an accuracy and conveni
ence of mosaicking as good as we could 
with the block adjustment method. 

CONCLUSIONS 

A side-looking radar mosaicking experi
ment was based on 24 strips of overlap-

ping synthetic aperture radar images of an 
area in excess of 90,000 km 2 • 

The analysis of the distribution of 
ground control points suggests that for the 
sequential numerical adjustment method a 
regular point distribution res ults in the 
smallest mosaicking errors. If control is 
available only along the perimeter of the 
mapping area, then we conclude that the 
points should preferably be aligned in the 
flight direction . 

We believe that we have demonstrated 
that a numerical radar block adjustment 
carr ied out prior to mosaic compi lation 
produces resu lts superior to an approach 
hased m e rel y on ti e lin es. Th e overall 
mosaicking accuracy achieved can be rep
resented by RMS residual errors of about 
± 100 m in the flight direction , and ± 130 m 
across the flight direction. This coordinate 
direction is less accurate due to neglected 
effects of topographic re li ef. 

The Schuler-periodic errors of the ine r
tial navigation that were found in thi s 
radar survey represent th e worst case yet 
encountered with the particular equipment 
used. As a resu lt, the us efuln ess of the 
numerical method could be demonstrated 
with more power than if everything had 
been working well during the survey 
fl ight. 

We find, thus, that a numerical approach 
to radar mosaicking produces a gain in ac
curacy and ease of mosaic compilation that 
should justify the modest investment re
quired to take measurements and process 
them digitally. 
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crepancies among adjacent radar strips (±50 
m) and of the mosaic error (±130 m). How
ever, as long as radar mapping is based on 
mosaicking without differential rectification, 
there is no point in accounting for errors due 
to topographic relief. But if the radar block 
adjustment is carried out in three dimen
sions instead of in planimetry only, then a 
preliminary study by DBA systems (1974) 
seemS to indicate that the resulting 
planimetric accuracy could be significantly 
improved. 

DISCUSSION OF MOSAIC KING METHODS AND 

OF POINT DISTRIBUTION 

It is quite obvious from Figure 3, that 
the simple mosaicking method, which only 
would use ground control for orientation 
and scaling of the mosaic, produces the 
least accurate results. In the case pre
sented, the mosaicking errors amount to 
about ±3 km (Figure 3, case (a). This 
probably is the lower limit for most radar 
mapping projects based on inertial guid-' 
ance due to the fact that it results from 
five~hour mapping flights with excessively 
large Schuler type errors. 

The accuracy of the tie line method of 
mosaicking is also clearly inferior to the 
results obtainable from a block adjustment 
(compare Figure 3, cases (d) and (l)). 
There are several reasons for this: Tielines 
provide only two bands of control, 
whereas a numerical adjustment can take 
advantage of any type' of control distribu
tion; the tielines only control the overall 
along-track scale of the production imag
ery, but not the critical effect of the radar 
image curvature and differential along
track scale variation; and in the tieline ap
proach unrectified images have to be 
mosaicked. Actual tie line mosaicking could 

be less accurate than suggested in Figure 
3 for the reason mentioned before. Figure 
3 is the result of a numerical simulation 
rather than actual tie line mosaie:king. 
Numerical treatment of accurate measure
ments could be more accurate than manual 
mosaicking. 

Case (l) of Figure 3 presents two results. 
The root-me an-square errors in brackets 
give the accuracy of the tieline approach 
if no rectification of the individual 
radarstrips is assumed. The errors there
fore reflect the effect of the large overall 
scale difference of 3 per cent between the 
across- and along-track direction. The errors 
given without brackets present the result 
if the overall affinity of 3 per cent can be 
de.tected and rectified. 

The tieline case is the only one in 
which the X-coordinates were found to 
have larger errors than the Y -coordinates. 
No obvious explanation can be offered for 
this reversal of the accuracy behavior. The 
error in transferring points from the 
north-south lines to the tielines is rather 
large, perhaps of the order of magnitude ot 
±200 m, because no stereo trail'sfer is pos
sible; relief displacement is towards the 
north (X-direction). However, it is not felt 
that these considerations sufficiently ex
plain the fact that errors are larger in the 
X-direction than they are in Y. 

An analysis of various control point con
figurations reveals that, in a numerical ap
proach, four control points can eliminate 
the large overall affine deformation of the 
radar block (Figure 3, case (b». Further
more, in a sequential adjustment ·proce
dure, a fairly regular distribution of control 
points produces the highest accuracy (Fig
ure 3, case (d»), aild a densification of the 
control network improves the results 
(cases (b), (i), (g), (d». If only perimeter 

per cent, and a pair of east-west tie lines 
along the northern and southern perimeter, 
were available to tie the individual images 
into a coherent block. 

Measurements were taken of the points in 
the overlap common to adjacent images to 
merge the individual strips, and of ground 
control points to transform the radar data into 
a map coordinate system. The common 
points were carefully selected and marked 
on the emulsion of the diapositives at a scale 
1:400,000 using a Wild PUG point transfer 
device (estimated accuracy about ±2 /-Lm). 
The image coordinates of the marked points 
then were measured on a Haag-Streit Coor
dinatograph (estimated accuracy about ±50 
/-Lm) and the map coordinates of the ground 
control points were scaled off the 1:24,000 
maps of the area. 

More than 200 different points were meas
ured, including some 65 ground control 
points and a large number of tiepoints that 
were selected at approximately 12-cm inter
vals along the image strips (about 50 km on 
the ground) and, due to the 20 per cent over
lap, were measured twice. 

RADAR MOSAICKING PROCEDURES 

Four techniques of side-looking radar 
mosaic king have so far been, or are presently 
being, employed. The simplest method is 
one in which hardly any ground control 
points are available or used and where no 
preprocessing is applied. The individual 
radar strips are directly laid out on a 

FIG. 1. Location of radar mapping area. 

mosaicking board in such a way that adjacent 
images fit together; but an adjustment to 
ground control, if available, is not carried out 
beyond a preliminary overall rotation, scal
ing, and shifting to the map coordinate sys
tem. Basically, the resulting radar mosaic is 
as accurate as the inner geometry of the im
ages and the aircraft navigation permit (1 km 
error per hour of flight). 

The most sophisticated and expensive 
radar mosaicking method thus far employed 
was based on continuous --simultaneous 
SHORAN tracking of the survey aircraft from 
two geodetically surveyed ground stations. 
As a result, the position of the aircraft was 
determined to an absolute accuracy of about 
±300m (van Roessel et al., 1974). This in 
turn permitted the transformation of an or
dered set of artificial radar image points (so 
called "range marks") into the map system. 
The transformed set of image points repre
sents the base-map onto which the mosaic is 
laid out. The method was, for example, 
employed in the first phase of Brazil's 
RADAM. Although it provides information 
for the rectification of individual radar strips 
prior to mosaic king, it was soon abandoned, 
apparently due to cost considerations. The 
accuracy of the resulting mosaic is deter
mined by the precision of the SHORAN air
craft tracking system, the effect of measuring 
errors, and weaknesses of the image 
geometry. It must therefore be expected that 
SHORAN controlled radar mosaicking leads 
to RMS errors certainly well in excess of ±300 
m (van Roessel et al., 1974). 

Because SHORAN tracking determines 
the mosaic king accuracy, this has been thus 
far the only method for which a reliable es
timate was available for the accuracy of the 
mapping product. For this reason, but more 
so because there was no SHORAN tracking 
provided in the acquisition of the test data, 
the SHORAN based method of radar 
mosaicking will not be numerically 
evaluated in this paper. 

A rather frequently used mosaicking meth
od relies on at least two or more "tielines"; 
these are radar image strips flown across 
the direction of the production imagery 
along the perimeter of the mapping area. A 
number of ground points are then surveyed 
or scaled off an existing map and marked on 
the tielines or the tielines are tracked by 
SHORAN. This permits their transformation 
into the map system. The production images 
are then laid out on the mosaic board to a
chieve a fit to the tielines and a smooth tran
sition at adjacent image strips. The root
mean-square errors of this method have been 



estimated (for SHORAN tracking of tielines) 
by van Roessel et al . (1974) to be about ± 700 
m. However, it is the most widely used proce
dure, for example being employed in the en
tire radar mapping effort of Brazil (9 mil. 
km2 ), except for the initial part with complete 
SHORAN control of all flights. An obvious 
advantage of the method based on tielines is 
its simplicity: No numerical operations are 
required and the mosaic can be compiled di
rectly. But among the disadvantages of the 
method are a limited accuracy, a lack of the 
possibility to adjust the mosaics to ground 

. control points other than the ones imaged by 
the tielines, and the fact that there is no in
formation available for the rectification of in
dividual image strips prior to mosaicking. 

The fourth method of radar mosaicking is 
based on a numerical radargrammetric block 
adjustment. Here, measurements of points in 
the overlap areas of adjacent images are used 
to tie the images into a block, and the block 
is transformed into a network of ground con
trol points similar to a photogrammetric 
block adjustment. This method of preparing 
a base map for mosaicking was employed in 
PRORADAM, Colombia's radar mapping 
project of the Amazon, described in detail by 
Leberl (197Sa) . A numerical sequential ad
justment of radar images using spline 
polynomials (first, block formation as an in
ternal adjustment, then fit to the ground con
trol points in an external adjustment) pro
duces results that appeared quite compara
ble to or, in the case of certain constraints, 
even better than a simultaneous adjustment 
of radar images (Leberl, 1975b). It is thus the 
sequential method of numerical radar block 
adjustment that is considered in the present 
practical experiment in which we aim at es
tablishing accuracy models for radar 
mosaicking. One can expect a numerical 
block adjustment to result in mosaics of high 
accuracy, and to produce information for the 
rectification of the images prior to mosaick
ing. For details on numerical side-looking 
radar block adjustment algorithms, reference 
is made to earlier publications (Leberl, 
1975a and 1975b). 

RADAR MOSAICKING RESULTS 

The mosaicking experiment is based on 
the numerical treatment of the radar image 
measurements and map coordinates. The 
first step was to tie all radar images into a 
block in an internal adjustment. The block 
was then transformed into the network of 
knowr. ground control points by using a 
linear conformal transformation. Figure 2 
presents the result with error vectors indicat-

ing that there was a significant ove rall affine 
deformation of the radar block which 
amounts to about 3 per cent (scale is larger in 
the north-south than the east-west direction). 
The root-mean-square (RMS) discrepancies 
amount to about ±3.S km. 

A portion of this deformation is artificially 
built into the optical correlation process to 
compensate for later differe ntial paper 
shrinkage. The random errors of the optical 
correlation process generally do not contrih
ute a significant portion to the overall errors 
of the final image (Peterson, 1976). Figure 
3, cases (a) to (k), present the RMS errors en
countered in the check points if an inter
polative correction is applied to the radar 
block coordinates (external adjustment) . 
Checkpoints are those groundpoints which 
do not take part in the adjustment, but only 
serve the purpose of evaluating the accuracy. 
The figure illustrates the distribution of the 
ground points employed for computing cor
rections. The method of computation was 
with weighted moving averages (see, for 
example, Schut, 1970; or Leberl, 1975c). 

Case (I) of Figure 3 specifically addresses 
the mosaicking results employing tielines. 
The results are not obtained from actually 
compiling a mosaic using tielines. Instead, 
this process was numerically simulated. 
First, the tielines were adjusted to the avail
able ground control. Then the north-south 
lines were adjusted sequentially to the 
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FIG. 2. Distribution of ground control points 
and vector representation of the discrepancies 
encountered between the internaIly adjusted 
block and the ground control point, prior to ex
ternal adjustment. 
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FIG. 3. Radar mosaicking results using various 
arrangements of ground control points (cases (0) 
to (k)) and an approach based on tielines (case 
(l)). The results are RMS discrepancies between 
radargrammetric and map coordinates of check
points, given in kilometers. 

tielines and to the one previously adjusted 
adjacent north-south line by using a spline 
fit. The accuracy estimate for the tielines 
method might thns be too optimistic if one 
assumes that the numerical approach using 
splines is too flexible and accurate to be a 
valid simulation of the "damp and stick" 
process of mosaicking images on wet photo 
paper. The two sets of results for case (I) of 
Figure 3 concern two different assumptions 
for the numerical approach to mosaicking 
with tielines. This will be discussed in the 
next section. 

Upon completion of the radar block ad
justment, information is available on the dis
crepancies among adjacent individual radar 
strips and on their internal geometric errors. 
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Figure 4 illustrates the dominant appearance 
of the errors of individual strips. They are 
slowly varying and fully explainable by the 
so called" Schuler-periodic" errors of the in
ertial navigation. These errors theoretically 
have a period of 84 minutes of flight and an 
amplitude that grows at a rate of about 1 
km-per-hour or more. The numerical ap
proach revealed that in the present example 
the Schuler-periodic velocity errors had 
amplitudes far in excess of what one must 
normally expect from a properly operating 
platform. The numerical approach permits 
elimination of these errors. The residuals 
encountered in the images after filtering of 
the Schuler periodic and overall errors had 
an RMS value of about ±SO m on the ground 
and included the effects of measuring er
rors and parallax differences due to topo
graphic relief. 

Topographic relief was not considered in 
this experiment. Instead, the mapping area 
was assumed to be flat. This has been so far a 
rather commonly applied assumption for 
radar mosaicking. Attempts to differentially 
rectify radar images and thus to consider top
ographic relief in mapping have been re
ported only by a U. S. military mapping re
search group, but have not been further pur
sued (Yoritomo, 1972). Effects of topo
graphic relief, however, represent the limit of 
the mosaicking accuracy. Figure S illustrates 
that topographic relief creates parallax differ
ences in the cross-track (east-west) direction 
that are much smaller than the overall dis
crepancy between a point in the radar 
mosaic and in the topographic map. For the 
example of the relief of 200 m (occurring in 
the present mapping experiment), the paral
lax difference would amount to about 50 m 
but the overall relief displacement is ISO m: 
These are also the accuracy figures obtained 
for the irregular component of the dis-
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FIG. 4. Curves representing the along-track scale error of image strips acquired during two 
flights, each producing five flight lines. 



Side-Looking Radar imagery that is available of the U. S. can be 

obtained by sending your request and area of interest to Goodyear 

Aerospace Corporation, Arizona Division, Litchfield Park, Arizona, 

85340. Attn: C. A. Anderson, Dept. 408A, Building 13-2S. 

There is a charge of $82.00 per lot--(a lot consists of a contact 

transparency and a contact print)--for photo reproduction cost. 

Each lot will provide one of the following: 

Type 1 ::::: 10x30 NMI at 1:200,000 or 1:300,000 

Type 2 :::::20x60 NMI at 1:400,000 or 1:480,000 

Type 3 :::; 30x90 NMI at 1:600,000 

Type 4 ::::: 5x15 NMI at 1:100,000. 

If the desired coverage of a pass exceeds the above, then addi

tional lots will be necessary. 

Additional prints or enlargements are available upon request. 

Price will be provided when requested. 

A letter must accompany your request describing the intended use 

of the imagery. 

A check should be made payable to Goodyear Aerospace Corporation 

and the order sent to me. Goodyear does not accept personal 

checks, therefore either a cashier's check or company check 

should accompany the order. 

(11-77 ) 
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OIOLOOIOlL ImPORT 

OF TH 

SOUtH BLOW UNIT 

SAN J\TAH 03tJN1'I,UTAH 

This report v.. undertaken at the reque.t o£ Mr. C. 0, 

Miller, Cbiero.ologist of the mrar 1 Corporation of Col:'PU. 

01r1et1, '1' ....... 
. 

'!'be acr .. ge evaluated 18 located in San Juan Oount.y, 

Utah ani 18 described .a follove, 

Tovnah12 )9 South, Il.ance 22 BUt, IK. 

Section J6 s alii 

TOWMhiRhOSouth, 'R!nIe 22 East, S • 

Section 1, 
II 12. 
.. 1', 
If 11u 
1t 2). 

All 
All 
All 

~ 
Containing 2720 acre., aor. or 1 .... 

The block 18 pre.ently unc1er Ie... to the 'lbr .. Statee 

atural (Jas COIlpany and is known as the South Bluft Uni i). 1\\. 

un! t 18 located a'bout 20 .Uea sou\}} ot the n ot Blanding, Utah. 

A vell a1nta1ned black top and gr .el road leacLt il' manding to 

iii thin one mile of the north edg of t.he bloat. 

PORP 01 I , tIQATIOth 

Bemfal" 011 C&rporaUon 18 cOl1eider1ng a f.-.out proposal 



troa t.h !hr_ St.at • Natural Ga. CORIp8D.J' on the acrea e . 1'be 

purpose ~f this etudy is to .... aluat. as thoroughly .s possible 

the 011 and ga. potential of the South Bluft Unit. 

METHOD OF INV TIG TIOU, 

A detaUed .ubeu.rtace ewelT was ucle u.ina all poe ible 

amIable data. Rrtpbuu wu plaoed on the tilo u1n procluoU .... 

• one. o£ the Paradox, nul8~ 'the " • and ·eft zone.. A r .. was ot 

the formationa pen.trated and the other oil nor bona ilith. limited 

potential will al80 be brieny deecribed. 

the .ubaurtace .truoture .. p wa. oOnltract.c1 ueing the 

\0 ot the " " lone of th Paradox.. the datu plu.. A .urtloe 

.ttlcly clon pr nOllel,. by th iter ."a. incorporated int.o the 

.p in r.gions ot. ro. oont.rol, .rtlcu.larly to the eat. ot the 

South Blutt Aor e. 

Radio&ot1Y1ty 10,. and related lithololic etudi .. ;,fare 

ueed in oorrelation because of ita superior ability in the P.radox 

Buin to record lithologic change. in the rbonat. sec tiona I tbul 

giYing Arpar and ore oertain toraation boundari.. . Porosity 

deteraine.t1on tias ude by a conlb1nation of .aple and ore analy-8. where available, aicl"Olo • and the leutron curv... Drill ste. 

teete and production pertoration interYal. were ueel AI the Min 

indication ot the fOr.Ration product1ve abillt7. 

G OLOQY AND ST OOTURlf 

The tolloving de.cript1on and tope ot the to~t1ona 



"3-

round in the outh Blutt area .bould be .aUtar to the Pan Aller-

iO&Il IJl FeatheJ"lton. well in .otion 24-40 221. !be deptba to 

the toru.tlon toP' vill .,arJ' depending upon the pOIition o-t the 

veIl 100 tion in the section. The Horn.on ferutioD crop. out 

0., r t'IlO t. ot the r and the v 11 location ould probablT be in 

the 10 halt of the Morr1eon .ection. 

'to , 

o 393 J9J 

393 4$0 51 

450 SOO 

soo 900 400 

900 965 65 

965 1)61 402 

13§J 2100 733 

RAnfl TONI. 24-405-22 
JUAN CO., UTi}{ 

Formation 

emIle un-

trada • white to reddi.h broJ.D, 
fine grained, oaloareoua •• nclatoDe 
wi tb thin interbedded red bro..m .bale. 

Cl.rae1 - Bright red to gr.,. .,ariee.ted 
shal., .ilt7 in part, with a1nor White 
to reddi.h bro"1l .and.tone b ede. 

iaN 0 - i t8 to bu.tt, ti De rained 
.and.tone with 1Ied.i grained por011 • 
• tr 0. • vater croducing romatioD. 

I!enta - Red and bro"n .1ltT ahale 
an line rained .andstone beds. 

W1Mate - light to dark red, calcareou 
u grained to 00 10 era tic sand

atone. Poroue. 

TRIASSIC 
an1Dl. - Variegated dark red, brown 
and ,rq shale., s11tltones and sand
.ton.. The .hale i. c810 reOlUl. ~ln 
liaestone beds mA7 be relent local17. 



Cont.inued" 

from _ A Tq · 'l'b~ckne8sLleet 

2100 21.12 12 

2112 2)87 215 

2387 )671 1284 

799 

4410 $100 610 

SlOO ~10 S70 

Sh1n!f1!!P - )1"1 grained to oonglom
eratio, hiti! to butf eand,stone with 
1nt rbedded dark red shale. 

"nkgp1 lOt rk red .hale and wdatone 
in llpper part grading do"nward into Tar~ 
1.,ated shales And IIlUdetoDeB U1 the lower 
halt. 'J.'hin pink to purple lim •• tone beds 
looally. 

Olt.ler - lllrk red shales 1ntAlrbedded 
'rift th reel ail tstone am coa1"se grained 
sandstone i n up~er third. Lo~er third 
ie dark red shale .,1 tb t in interbeds 
0&' siltstone end sandstone. 

Rlco - Bed and 'Varies ted. ahal.., wi tb 
miiiirouB thin interbeds of gr y lim .... 
stone and thin e&ndatonee. '!'hie top 
is bar to pick and the upper art ~ 
be Outlet" 1npart. .. 

~er aeraoa. ... nark grq fossiliferoua 
mestone w1 th .... legated and sra, ehel. 

interbedded" Thin 11 ht gr&7 Ilumdetone 
beds . 

~r Paradox - Uark 
do -CDi t. interbedded 
bonaceoua ihal.. and 
at bas • 

ray ltmeatone and 
1 th 'ble.~k 081'
nhydrite. Salt 

Top ·'13" SOrlEJ S298' <II ,lIIlain objeoti've. 
rap "0" zone $$11'''' aecQnd obJeotive. 
'rop of Salt 5670 ' 

hom the foregoing bula:t1on" it can b seen that the 

"S" and "eR zone re the two lowemost zones of· the upper Paradox~ 



Thes. sonea are separated b,y a 40-toot bed of blAck carbonaaeQUI 

.hale. 

the uin producing pay at the Aneth tield proper end 

on the Three Stat •• Arrowhead l.ase, directly east. ot the South 

Blutt Un! t, is from the It"," t:one ot the upper Paradox. There, 

the f'C" lone i8 a highly developed doloait. and 11 ... tone leetion, 

.mereal, the 11. in th South. Blutt area have beeOl'le thinner and 

anhydritic. Thill oh e i. tr01ll aarine to shallow lagoonal tn)t~ 

deJ)a.ition. Th cham. can be very ra id, o ... curing in lee. than 

• ouart r 1&. It 1. v .ry ~o8s1ble to hav the ~ 1 " zone d.velop

edand 011 oroductive in the po.tulated high area shown on the en

clo8ed map even thoogb it 18 tlan ed by eU. sharina a poor and 

thinly developed aectlon. 

The ertaaary objeotiv. in the ";outh utt Unit is the 

"Bft aone of the Upper Paradox. This zone i8 productive at the 

Pan AIlericen #1 F •• theratone (31 ' total aicrolog po.roait1); and 

the Shell I.l Recapture Cree (JO' tot 1 torolog porosity); carter 

#1 110kaan (22' total microlo ~oroslty),.nd the Sh.ell 3 Blutf 

(20' tot 1 porO$l ty). Tbe Oult ill &£ 2 Desert Creek welll to the 

south or tb South ,Bluft Unit had U6 teet and 40 feet re.pectively 

or ftectiv icrolo porosity with oil laturation in the "Bft zone. 

Thes~ ells are pres ntl7 campI ted in the Paradox ·0" on boweTar. 

The Three States 1 outb Blutt ~ll in Section 12-40s-22 

Ihowed streaked porosity 1n a .haley dolO!.llte in the 10.,81' "B" zone. 
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From th1$ d:iSou8sion :it can be , Geen that the South Bluft 

Unit is tlanked by' an indicated belt ot porosity on the south and 

... t. Tb.e Carter i/l Blutf lMnch 011 in section 29-395-22£" to 

the nortb eat ot the Unit bad u.c::el.lent poroa1t.l 18 the "Btl ~on. 

but it "as heartl,. loaded ifith salt water. It then appear8 that. 

any test, with geologio$!. DJerit, \lould have to be leost d within 

an indicated belt at porositT and on a structural blgh. 

'the eturct.ural hi h wh1ch centers in th northeut comer 

of eeetleD 19~uOS-2)E" Bnd e~tand. w .tward into the south partot 

the South Sluff Unit (see enclosed ap) and 11e$ ithin th in

dicated nQrolity belt. 

The best location tor a t 5t lieU on th Unit ",bieR would 

satisfy poros1ty And structural oondit1ons ould be in the southe et 

corner of sect10n 13",uOS-22E.. Tn! lo~ation ould be situ.toed w,i,th ... 

in the ~losed -700 toot contour. et effective pO~Q81tT of 2$ to 

JOteet oould bo reasonably expected 1n the lt13ft .one. 

Sb..ll Oil Oomparq' , and Pan American Produot1tln Company 

baYe the efts.~ aoreage to tne east and south respectiyely and 

could be approached tor an acreage or mone,. contributi<>n. 

OONOLUSIOf SAID RBCIJW( INn TIONS: 

Part ()f the South Blutf' aor •• se i s 100 tid in 8 ~ YOl'''' 

a.ble geolo 1eal podt.1on tor production from the Pal"ad.ox"B" ZBn. 

and pos ibie limestone porosity development. 1n the Paradox ItO zone. 

Based upon tbe a,bo~~" the soutbeast rt of tbe Unit jU8t1 ... 

f1 8 a test and it 1s r c~ended that the te.t be located 660 feet 
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trOl!& Sluth and st line. of Section 1.3- 40S-22E., San JUM County, 

Utab. 

PRS-PENNSYLV NIAN POSSIBTLITI t 

The Mississippian, Devonian and Caabrian 8 eries are con-

sid.red secondary obj otiyes in the area. Surtace struotur .. r ... 

nect 8ubarulace struoturea dOilnwarc:i to the top of tbe o1as tor. 

mation of lower Perme)"lftnian age. A seislIlogr.ph surye, QUid be 

neoeesar1 to outline the pr .. Pennsyivanian etruoture. 

~t.~ 
S11ae O. Brown. 
Ooological consultant 
Duranco, Colorado 
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INrR,ODUCTIOl : 

GOOLCGICAL • 

of tho 

D~1I C! CANYOn AREA 

cry County, Utah 

This report is made to evaluate the oU and gaa poesibW ties 

of the Devils C~n area. 'The main part of the lease block is situated 

about 43 llliles south~st of Green River and 23 niles southeast ot the 

tow of Ferron, Utah. The Dsvils Oat\Yon block, under a lease, option to 

ReyxJolds l~ Corporation, contains about 27,520 acres. fill availablo 

'W'6ll dAta and measured seotions throughOut the Sari Rafael S'WGll area 

have been studied a..."ld integro.t«l in parts of t.he report. StruotUral. 

studies on a reg1.onoJ. and. local level \J8re also made to help in the 

evaluation of the acreage. 

1M surface struoture map \las constructed usine the base or 
the Shinarump oonglO%lerate or l~aaback Stlndstouo as a dAtuI!l. Across 

the area where younger beds orop out, a mappable horizon \mS used and 

all elevations wre correoted to the base of tho Shinarump. Daw for 

the atructure mnp we obtained fron field inspection and pbotoeeologio 

maps. 

LOCA1~Ol D ACCESSIBILITY; 

The DevUs CCAl\Von block, oontD.inine about Z7, 5ZO o.cros, is 

Situated in Towships 22, 23, 24, and 25 South, Ranges 8, 9~ a.nd 10 East, 



&ery County, Utah. Access to the block is rather complicated due to 

rough terrain. A good graveled road extends from the coI!!1l1Uni ty of 

1'1oorc, Utah, eastv.n-d to the Copper- Globo Mine in Section 11, 1'0\ ... . -

ship Z3 South, flange 9 East (unsurveyed) . J eop roads lead to the edge 

of the main wost block, but no ronds extond across the block. About 

tu) milos of cut and fill road wuld havo to be built to tho proposed 

location. ater is a major problem but is a.vailable from tho Muddy 

ru. ver about 15 miles southwest of the location. 

S'£RATI GR1\PBY: 

Formational units are listed below from the Jura.ssic do\Jll,.nrd 

to include the Combrian. Li thologic descriptions and thicmosses nre 

taken from well data and measured sections. 

JURASSIC 

egel 

The thiCkness of the Car.mel ranges from zero to 100 feet . 

Its lithology chanaes rapidly due to its rapid thick$ning towrd the 

wst. The section exposed on the main vreotern block consists of thin 

limestones, sandstones, and variegated red and green shale . Some silt

stones and minor gypsum streaks were noted. 

navajo 

The Uavajo sandstone has a thickness ranging betwen 450 

to 475 feet . It consists of fine to medium grained, pink, tulssive, 

and cross-beddod sandstone "W1 th minor streaks of variegated sho1.e and 

~drite. 

Kgyenta 

The Kayonta. ave:ragos bet'Ween 150 and 250 feet thick. Sand-

- 2-



stones pradon'linate and are varicolored, fine grained, and sil t;y vi th 

streaks of variegated red and green, calcareous shales. 

Hipgate 

The Winga.te sandstone averages about 400 teet thick in the 

Devils Canyon area. It is a massive, fine to medium grained, light 

orange to red, calcareous sandstone. l1iner lenses of coarse grained 

sandstone and shale are present in the section. 

TRIASSIO 

C9;tnle 

The Chinle formation has thinned to the northwst to average 

only about 250 to 'Zl5 feet thick in the area. It consists predominantly 

or variegated red and purple, silty sandstone. }11nor strooks of slw.ly 

limestones are also present. 

ShiWffi1JllP (l«>ssback) 

The Shintl.rUllIp un! t is present in small lenses and patches 

vhi.ch represents an unconi'or.m1ty at this horizon. In JD8l11 places the 

Sbinerump is missing, and a lower Chinle sand development is present. 

This lower Chinl,e sandstone is referred to as the l10ssback u,ni t . 

Both the Shinarump and the Mossbaok un! ts nre absont locally. 

The base of these units or the top of the Hoenkopi was 

used as the datum plane on the structural. maps. 

Som.e oil staining was reported in this un1 tat Huntington 

Dome in the Phillips well . 

The Noenkopi, including the Nerine Sinbad member, attains 

a , thickness of ~50' t.() 900 feet in the Devils Canyon area. Its chief 

-3-



constitU8nt is reddiah-bro'Wll micaceous siltstone. The Sinbod me:mber 

is abQut 200 fe~t a.bove the base of the Hoonkopi and averages 75 to 

100 :tect in thickness. It consists of light to darlc gray and brown 

dolomites and limestones with som~ limY sandstone and shale near its 

top . A Sinbo.d soction was measured in T s-RUE, and it allowed about 

50 fect of good vugglar porosity w.i. th sone oil staining. At Huntington 

Dome the marine t<!oonkopi scction \t'lS saturated with oil in fractures . 

Cores, bleeding oil, and gas were reported . At South Last Chance, 

a.bout 20 miles to the southyest, 0. well ¥13-S completed in 1924 for a. 

reported 21.,000 lU of 840 B. T. U. gas per duy. Tho well was slru:t-in 

for lack of IIlIlrket. The Equity I!J. Hounds vrell about 45 miles mrth of 

the DeVils . Canyon area, produce(! a smnll QIllOunt of gas from tho marine 

section. Good shevs of oll and gas 'Wore reported in other wells in 

the general. aroa. 

ShQ'IIS could be eltp6cted in the Devils Cruvon area., but their 

magn1 tude is questioooble. 

PEmlIAU 

~ba9 

The Kaibab varies rap1dlyin thickness throughout the area, 

but an estimated thickness of 200 feet maybe expected in the area. 

I t consists of dolomitic limestones and dolomi tea \Ji th mj,nor chert 

and $il ty 'bands. The rooks are vbi te to light gray in color. Goodal 

porosity is characteristic vith some vuggular and intercrystalline 

poro-si ty prasent. Oil staining is common in Straight Wo.sh Canyon on 

the east flank of the San Rafael S~l1 . 

PepnsyJ.yaz4w 

The ~ennsylvania.n Series includes the Hermosa and }101as 
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formations. The Molas is ptObably present but not as distinct a for

mation as farther east. The Pennsylvanian is characterized by light 

brow to buff' and white dolomites an4 limestones. The dolomites are 

quite sandy vi th tbinshale 'beds near the top of the section. The 

loWI' 500 feet of the section contains considerable chert. Minor oU 

shows have been reported in the Hermosa, equivalent. Tho Paradox faeies 

is absent in the DeVils C,~ll area. The Fenn~lvan1an as a whole is 

conside;red a poor prospect in the area. 

Hi ss1§§ippian 

An estimated thickness of SOO to 900 feet of Mississippian 

exists in the DeVils O~Qn area. !teonsists mainly of 'White to buff 

colored dolomite w.i. tb ohert bands a:nd nodules. Fair to very good 

porosity is present, but no aU or ga.s shows have been reported in 

. near-by wells. Because of the shifting of structure with depth, it 

is not know if any of the wlls bave been drilled on HississippiQ.1l 

highs. 

gevoDiap 

The Devonian section is represonted. by about 400 to ·450 feet 

of light to dark ~~ dolomites and dolomitio limestones, variegated. 

red, green, and maroon shsl.ea a.n4 glauconitic, fine to coarse grained 

sandstone. Dolomitea predolninate . No sbo\1s hnve been reported in 3.!'J3' 

of the \Jells drilled in the general area. 

Cambrian 

The Cambrian $Gries is estimated to be between l400 and 

1500 feet thick, The Cambrian inoludes the Lynch, Bounan-Ha.rttn.an, 

Ophir, and Tintic formations . \Iii th further paleontological. studies, 

-5-



the Iqnch 1llllY pro"t/'e to be Ordovician in age . A brcakdow of those for-· 

mations v.Ul not be attempted. in this report. Pescriptions of all for

mations cxceptthe Bo~n-Hartmi:m are included in the Red KnOll report. 

In general, the Cambrian series consists of dolomi tea in 

the upper third of the soation, oolitic and. crystalline linlestones and 

minor dolomites in the middle third, and limestone, ;shale, sandy shol" 

and quartzite in the lower pa:-t. 

no shows were r~rted in nearby wolls. It is possible 

thtlt none of the wells were drilled on Cambrian highs. 14 thologio 

studies indicate . poor source beds in the general area. Better souroe 

beds exist in southYSst Utah and southeast Nevada;· bowever,aome mi

gration oast~d might be possible. 

STRUCTURE, WC/iL .MID RIDIONAL: 

Tho De.vils Canyon lease 1s situated on the north\lOet flank 

of the San Rafael Swell . The dominant structural feature is in the 

main west block which consists of ~ faulted anticline. 'tho fault 

structure has a.bout 600 to 650 feet of closure and an areo. of closure 

of appro:x::.ir.Uttely 4100 Q.cres . The fault forming the structure :has a 

throw of 200 to 300 feet and is a nol".Ulal fault . Two ltlajor fault 

trends and. several miror trends 'Were noted in the area , Prominent 

northwest-southoast trending fau.1. ts are believed to be the oldest as 

thoy para.llel the older structuraJ. "!lronds whioh are related to the 

Uncompnhgre Uplift. The northeast-southwest fault trend parallels 

the San F.cU:ael Svell and is probably of Laramide ngo . The It!i..nor 

fault trends are Laramide or youngor in age . 

Veri detailed sUrface t.rork in conjunction 'With a detailed 



seisnograph survey \tl)uld be necossary to outl ine the older lines of 

folding . Tho younger folds are not e:xpected to produce oil or gas 

in coomercial quantities. 

lUl;Ol·1t4EIIDATIONS AND COl(;LUSIOl S 

The Paradox faCies, which is the r::I3.jor producing section 

in the Paradox Basin proper. v04ges out before i t ;r~aches the Devils 

Canyon area. The Ferron sandstone member of the Hnncos i'oJ;"I!l.ation, 

which produces in the l~asatch Plateau. to the west, crops out above the 

section on the structure and. is, therefore, lIlissil:lg in the block. 

Since those major objeotives aro missing in the area, the rost of the 

Pennsylvanian. and younger form.tl.tions show little promioe for cor.unor ... 

cia! production. The $inbad, Kaibnb, and Coconino havo all hod shows, 

but none have proved commerciaJ.. 

The Mississippian, Devonian, and C8l!lhrian rocks have ques

tionable potentials since it is not kno"lIl if these horizons haW: been 

tested on structure. The,se older structural trends are not generally 

reflected on the surface; therefore, a seismograph sarvqy is necessnr,y 

to help evaluate thesG horizons. Source beds are not abundant in the 

pre-Pennsylvanian rocks. 

\dthout a seismograph survey to depict the older structure; 

the main objective in the Pennsylvanian and younger formations being 

absent, and the presence of 10101 B. T. U. ens and carbon dioxide in 

the area, the Devils Ca.J.Von lease is considered a poor prospect . For 

these reasons 1 t is recommended that tho block bo ranned-out or the 

leases a1lo~ed to expire. 

A test wall is not reco1llIllended; howver, if ono is necessary 



to fulfill an obligation, it is rcconunended that the location be 1320 

feet from the. north and wot lines of Section ~ 7, To'WIlship 2.3 South, 

Rospectfully submitted, 

//c.~ 
~. Bro'WIl 
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'l'HO!IPSON-ALDRIDOI URANIUM POOJIQT 

lntrodUOUOD 

B •. C. Brova, Oonsul t1ng Geolol1.\, of Du..ruso, 0010-
rado was oontracted b7 001. D. Harold B,yrd of Dallas, Texas to 
sUperYise the e..,lorato17 lield work on the ThOllpsOC-Aldridce 
Projeot on September 2. 19$11.. Three drUl hol.s bad be'D ClOIIl

pleted. The wri tel" eurve,.ed the looationa ot th •• e tbJ'ee 
holes and made new drill hole locatioM. 'l'he II1neralized sones 
ot the outcrop loe8l1t1 .. were .apped and a total or 16 holes 
.ere drilled and subsequently 8UrY..,ed to oo.plet. the explor
atory york in order to ... llla t. the prospect. 

'The obj.ot ot the drilling Procraa " •• to out)1ne 
poslible ore bodi.. and. to deterDdne wb.ther lidDing opera.
tiODf vere t ... 1b1.. i8preaentat1.e cor.. vera assayed to 
obtain a oo.paratiy •• &1u. tor eYaluating the geophyaioal 
probel. 

Oonaid.rable bulldo.e~ work vas done to build aoa888 
roads to the drilling locations and to uk. disoovery cute on 
the clAia. 

neld work pertaining to the drilling, geoplVeical 
logSing $nd other geological field .tudi •• extended trOll 
Sept8llber 2 to Ssptember 22, 19,4. Compilation of map. I log ... 
other data and the report extended the proj eot to Septeaber 
30, 19St.. The wr1 tar vae assisted by W. J. Osterhoudt, Gee
ph7aioiet. in _kine the geophy.ical log. aDd interpretation.. 



A total ot 16 holes were drilled, .everal or which 
were oored to obtain ,eolol1oal, ,eopbTaical and aaaple data. 
A 17th bole was abandoned because the drill could not pene
trate the ,lac!al lft ... e1 boaldere. The depth ot the hol .. 
ranged trOll 101 r. t to 1h2. S teet vi th the exception of Hole 
Ho. U wb10h ft. drUled to 250 reet. 

The object vas to drill to a point near the eat1 ... 
ut.d top ot the eDriched lone, and to core through that 
lone. The looatiOn of each new hole W&8 determined trea the 
result. of the 'preceding bole or holes. P088ibly"aluable 
aore information was lost due to occasional fouling and 
Ol"\l8b1ng of the cor .. within the oore barrel. 

• total 01 961 hours ot bulldoser work vas done 
in raaldng 10ea tiona tor the oore drill and ukir:ag diaooyery 
outa on the urania olaiM. DiaooYery outs wer dttg on all 
but S cl.a1ale -- one of whioh oould not be clue due to TU7 
I'OUgh terrain. When it beoaae apparent that. the ur&lliwa ore 
.... low gr de with a hip liae oontent, i.e. Dot a profitable 
Minin, operatioD, the bul1do.er work va. terainated. 

0.01017 and Struoture: 

The m:1:neralized lone occurs in a straturt cOn!.Posed 
ot hard, lI1oaC.Ol1S, sandT and shale,.. lilies tone in vuious 
gradations. The ore bed 11es about uO teet belOiT the top ot 
the Rioo formation of Permo-Pennsylvanian Age. Red-beds of 
the Cutler Group of Permian Age overlie the Rico tormation. 
The regioaal .trike of the beds is N 80° W with souther17 
dip. deoreasing trca 140 at. the north to ,0 a few 1I11ee 
south. Minor structural undulatiqn cau ••• local variations 
in the etrikes and dips. 

Uraniwa ore enrichment appears to be present alone 
joint. aDd fracture plan .. trencling trOll )I 2So I to I JSo I. 
!he aa.jor joints obserYed are about 150 feet apart. 



A small fault is indioated bet~een drill holes Ho. 
12 and Ho. 1S. This fault apparently 18 on the .outhern ex .. 
tension ot a strong joint obaerved in the caD¥on vall. The 
oontinuanoe of the £aul.t 'award the south and it. DI&&n1t.u-de 
in that direction remain UDkDown. The displacement ot tbe 
tault noted bew.eD hol •• Noa. 12 and 1S 18 about 10 to 1S 
I •• t vith the downthJ"oVn lide to the ... t. The higher grad. 
ore 1s located on the easter.a aide ot the joint. and taults. 

Q!Oph181cal Logs and Intetpretation. 

The drill holes were robed with a Preoision Drill 
Hole Counter odel 120 with the following results, 

Bole Measured M.iP.%" Reading Thickness !st. Ore 
Bo. 'r.D. Units of Ore lone Grade 

1. 122.S· .635 2 • .11 

2 141.7' .1$ ---
) 11,.6' .6S 2 • .ll 

4 124.0' 1.20 2 t .13 +-

S 107.,t .43 1 ' .06 

6 119.0' .30 

7 121.3' .22 ......... 

8 101.0' .29 ...... 
9 110.0' • 22 .... 

10 111.)' .525 upper aone 1t' .10 
.62 lover sone 1 • .11 

11 2$0.0' .)0 ---



Hol. "surec:t No. Read1ng th1ek:Aen II'. Or. 
110. T.D. Unite ot Ore loft. Ond. -
12 1,'.$' .8S 2 , ,,12 

1) 135.0' .67 2,,' ,,11 

111. 142.S' .19 --- ---
IS 138.1' .62 1 - li' .11 

16 1)2.0' .12 _.- ..... -
17 1; • Abandoned 

n ... data vere checked at l ... t twic., end tound to 
be OOD81atent and .atie!actor.y. (Data by Oeterhoudt anei 
Brown. ) 

Hoe, ot the drill hol.. were pl'obed al80 bY' a con-
traotor ua1n& an A.B.C. t.IP. , ..... raT (Brown) prober to 
cbeok and cOIIpaft the reeults vith the data obtained b7 t.he 
Hod.l 120 oounter. Th.I.... rar 10Cliq equip.ent v.. DeW 
and muael'OU "bQp_ d.veloped in tne probe an4 oabl., oona .... 
quentlT the original 1018 •• re u •• l.... Att.r repair .ork 
ft. oOllpleted .everal ot tbe hol.. .ere r .. J'U!l wi tb b.tt.e~ 
resulta, bv.t the depthll reoorded .ere too lone bJ .... errOr. 
The correct d.eptu .81"e eetill8ted rro. the appareftt error. 
SOBle ot the hole. bad caved vb11e the equip.ent ... h.iDl re
paired and, theretore, onlT oertain boles produced re.ul ta. 

An interpretation 01 the , .... rar lOCi tollows. 

Hole No. Thiem... ct Ore 90dz Orade of Ore 

1 Probe not worJd.~ 

2 Probe not working 

;3 Probe not working 

4 2 t .12 

S lIon-oOJlMrC1al 

6 t' .10 



Bole 10. 

7 

8 

9 

10 (llpper .one) 
(low.,. .one) 

11 

12 

1) 

14 

1S 
16 

ruokft •• s of Ore 10& 

.on-conera!al 

C.: .. ed to 87 I 

lot probed 

li' 
1 • 

" 21' 
) , 

IOD-COJIlIel'c1al 

ea-" 
Bon-oOllJlleroial 

Orad. ot 07. 

.ll 

.10 

.10 

.11 

.11 

(Interpretation l)y D. r. Coolbaugh ot Moab, Utah.) 

Th .. e re.d1rg 8 are an ayerac. tor the thickne •• es 
stated a.nd i 1:. is recognized that trom one to three inch.s or 
.uGh richer ore i. pre.ent within the seetioD outlined. It 
1. doubtful that the riche.t lanes would exc.ed .20 to .2S$ 
grade. Due to tbe high caCO) .content .,-en these higher grades 
are con.idered non-c~rcial. 

The percentages or uram:ua ore eat111&ted on the 
8a- ray data are based upon au,....s. developed troll the prob
ing of several tholUland drill holes and are aS8Ulled to be 
practical. approxillatlone. These result. Check fair17 well 
vi th geiger oounta and with the a .... 1. ot certain cor.. u4e 
by ob8ll1.te at the Vanad1ua CorpOJ'at10n of Alaerica .Ul at 
Ibrango. 

Worthy of .ention 1s the ahow ot low ,rede ore at 
about 22$ te.t in hole 10. U. 

- S .. 



Cbeaioal Anal,.. .. f 
n •• cb_lcal. analqaes were _de on h holes by the 

Vaudi_ Oorporatloa of Merica. The resul te are as tollow. t 

ole Ro. • '2'5 • UjOs ~ aaco) , 

10 Hil. (.01 Geiger Wot run 
(.08 Ohea. ADAl)'"81e 

11 111. .04 Geiger lot run 

12 12) -12k.S· lil. .04 Ge1ger 20.4 

12 124. S-126. S' .u. .06 Gelger 21.) 

1S 1111 .. .09 o.i,er 29.; 

the core. tro .. boles loa. 10 and 11 were not oaaplete 
ae the ahaller portions ot the oore. vere ground-up and blown 
ou.t during drill inc. The oon "coyeIT on the rema1ncier ot the 
hol.. was l~ and th a •• ays are assumed to be correot w1 thin 
.01 .. .02.. A. oore .ample usually inoluded from six inches to 
two teet of ,eotion showing tail' count and the value of that 
.eotion 1& repre.entatt •• of minable ore. In aost instances a 
two to three inch sone or the cor. assayed shoved .20 MB/hr, Or 
greater coun\. When the enriohaent vas spread out over a great
er thicknes8 the •• erage count wae oonsiderably lewer. A tnre. 
inoh .one is not eoona.104117 minable even tor ore ot much 
h1,her value. 

Lime content analyses were run on 001'.. fr~ thre. 
holes and are as.wned to be repreeentati.e tor the ore in this 
formation. Ore with a lila. oontent ot 6' or lU8 11 acceptable 
by the mills. There 18 a penalt7 ot 11.00 tor the t1rst l.~ 
over 6~ and to. ,0 per toll penal t7 tor each luoc .. d1na pel' cent. 

- 6 -



caCO) 'eroentage PeDaltr 
; 

6S or 1elil 10 peMlt7 

7_ tl.oo 
8_ 1.)0 

9' 1.60 

10% 1.90 

15. ).40 

20% 4.90 

29. 1.60 

29.5. 7.7$ 

The Vaaacl1ua Corporation of America reports that 
they wUl not aocept ore having a li .. 8 content in eXOdS or 
IS%. However, if the ore were in large enough quanti V and. 
o£ a higher grade it i8 believed that the 1,. liRd\ would 
b. reoons1d red. 

The Kerr-McGee UraniWl plant at Shiprock, lev MeX
ico would take ore wi th high lime content but would. prefer 
ore having ISS or 1... 1ta.. It 18 a matter of econOMic. 
rather than rem.al to bu7 the h1gh I1me ore. The standard 
pena1t,. for 6~ or more 11 •• 1s deducted b,y lerr.MoOee 

The uraniua a111 at Grant., .~ Mexico does not 
penali.e the •• ller tor li1le oontent in exoe88 of 6'. Thq 
do not prOCHS or par tor ore having ftnadia or other 
alU.t one ensept vamo. The haulage in thie cue would 
even .xo •• d the lille penaltY'. 

.. 7 -



Ooaclua1ona and Raoo.m.ndationa. 

The urUliwa ore bodJ as outlined by the drilll., 
ooring and logging prolr .. has prove. to be low p'ade and 
or limited size. Deposition ot the ore i. apparentl,. OOD
trolled by parallel j oint plane. and _11 taul te. 

The high 11me oontent ot the or. ie a .. jor 
probl_ due to the penalty applied on ore containinc OTer 6. lill •• 

Kal17 loeal sone8 _,. be round l)y 1101". drl11iDl 
and by lmUdoser work in &1"'" ot thin OTerOOrden. S .. 
ot the ora bocU .. -1' be larger and rich.r, bu"t any or., 
1n orcter to be oa.aercial, auat b. oould.rablT higher in 
grade to ott eat the penal t1 tor lill18. 

I rec .. end that the option not be 8Xaroised 
beo&ae ot the low lrad.e and lUdtecl Mount. ot ore, the 
penalt,. tor 1i1l., the high ooats of hard rook lIl1n1.na an 
the high cash payaent required to coaplete the deal. 

Relpe6trally submitte , 

Box llul 
~r nco, Colorado 
September 30, 19Sh 



8d11~1 t I - Map shoving contoulil ot the OreOl.tua. 

!Pibit II - Map .hoving 18o-Unit contour 11Dea. 

Iltb1b1t III - Index up showing loellt1on of Crols-eections. 

lXhibit IV - 'Cr •• -section.A - At - From Northwest to SOl.lt.hetlat. 

bbibit V - Croes-section B - Bt - From North to Soutih. 

Erh1bi t VI - Grose-section e... 0' - Frc:a W.st to East. 

Exhibit VII - aa.ma Bay logs by the ~ire Logging Service. 
(IN FOLDER) 

-9-



Presented by 

® MOTOROLA Aerial RenJof:e Sensing, Inc. 

4350 East Camelback Road 
Phoenix, Arizona 85018, U.S.A. 

Phone: (602) 244-5751 

Telex: 667490 

AUGUST, 1976 



I , 

.( 

@ 
AN/APS-94D FIXED TARGET IMAGERY 

CENTRAL ARIZONA 

MOTOROLA INC . 



o 

o 

o 

AN APPLICATION OF 
SIDE-LOOKING AIRBORNE RADAR 

FOR SURVEYING GEOLOGY 
AND 

NATURAL RESOURCES POTENTIAL 

Presented by 

® MOTOROLA Aerial Rel'J'Jot:e Sensing, Inc-

4350 East Camelback Road 

Phoenix, Arizona 85018, U.S.A. 
Phone: (602) 244-5751 

Telex: 667490 

AUGUST, 1976 



® MOTOROLA Aerial Rerno~e Sensing. Inc. 

ii 

o 
o 

c 



o 

o 
o 

@ MOTOROLA Aerial Remote Sensing, Inc_ 

CONTENTS 

1. SUMMARY ...... .... .... ..... ............ . . . ... .. . .. . ...... ... .. .... .. .. . .. .... 1 

II. INTRODUCTION ................................................................ 1 

III. PURPOSES OF SURVEY ... .. .. ..... .. . . . ... . . . ........ . ...... . ... . ..... . ....... 2 

IV. TECHNOLOGY .................................................................. 2 

A. Introduction .. . ..... .... . .... ................... ...... .. .. .. . . ......... ... .. 2 

B History of Side-Looking Airborne Radar . ...... . . . ..... . .. .. .... ... . .. .. .. ... 3 

C. Advantages of Radar .. .... . ................................................. 3 

D. Geo log ical Applications ..................................................... 3 

E. Mineral Resource Applications .............................................. 4 

F. Hydrocarbon Resource Applications ... ........ ... . ... ............ . . . . .. ..... 4 

G . Engineering Applications ..... . .... . ......................................... 5 

H . Other Applications . .. . ......... .. ......... ... . . ............................. 5 

V. SURVEY PROCEDURE . .. ... ... ........ . ..... . ......... ................ . .. .. .... 6 

A. Introduct ion . . ....................... .. ... ... ...... ... . . .................... 6 

B. Equipment a nd Personnel ................................................... 6 

C. Field Operations ..... ................. .. ........ .. . . ..... .. ................. 7 

VI. DATA INTERPRETATION .. .. ....................... .... ..... .......... .. .. .. ... 9 

A. Introduction ... . . . ... . ... ... . ....................... . ....................... 9 

B. In terpreta tion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 9 

iii 



® MOTOROLA Aerial Remote Sensing. Inc_ 

o 

o 

iv 



® MOTOROLA Aerial Remote Sensing. Inc. 

I. SUMMARY 
Motorola Aerial Remote Sensing, Inc. (MARS) is 
pleased to introduce to you, through this brochure, the 
application of side-looking airborne radar (SLAR) in 
aerial surveying of resources inventory, land utiliza
tion and geologic studies of any size project area of 
interest. The resulting survey data will substantially 
improve all levels of the user's knowledge of the 
resources and physical features of the project area. 

MARS, with its staff of highly experienced and 
specialized geologists using the company-owned 
aircraft and sensors, works with the prospective 
user's staff to plan the survey to obtain optimum data, 
accepts all acquired imagery and then works with the 
user to understand and interpret the imagery - or can 
supply the total interpretive services. 

A SLAR survey can be accomplished in a short time 
span for a relatively low expenditure considering the 
large area of coverage and the resulting vast data 
bank. The survey can provide extremely valuable 
regional and local information - as in the case of a 
country, the government will be able to formulate in
depth policies regarding natural resources, land 
utilization, construction siting and other critical 
matters. This area information will have a favorable 
impact on the political, human and economic affairs. 

Each survey has its own characteristic specifications 
and constraints. Therefore, a standard survey price is 
nonexistent. However, with a known statement of 
work, survey pricing can be easily generated and 
Motorola Aerial Remote Sensing, Inc. would be 
pleased to respond with a firm proposal to meet your 
requirements. All proposals are submitted as a 
proprietary document to protect both you and MARS. 

1 

II. INTRODUCTION 
This brochure specifical\y outlines the application of 
sille-looking airborne radar in resources inventory, 
land utilization and geologic studies . The equipment 
and techniques explained have recently become 
i1vililable commercially for resource surveys and 
related work through Motorola Aerial Remote Sen
sing. Inr.. 

The survey involves three basic operational phases as 
follows: 

1) Datil Gathering - A side-looking airborne radar 
survey of the total geographic area of interest; 

2) Data Processing - Preparation of radar imagery 
strips and radar mosaics covering standard 1:250,-
000 topographic map sheets; and 

3) Data Interpretation - Maps providing an initial 
geological interpretation of the survey data to the 
extent needed to provide basic geologic and 
resource classification. 

These phases are more thoroughly discussed and 
i Hus t rated in following sections of this brochure. 
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III. PURPOSES OF SURVEY 
TIlP. purposes of [\ survey are mnny and relate to 
I'I-!source, construction, environmental, municipal, 
ngric:ultural, land us e, and other geologic aspects. The 
survpy is not intended to be a final, definitive answer 
to exp loration and other area problems. No such all
(!nc()mpassing method currently exists or is likel y to 
hf~ developed. However, both milit ary and industrial 
experience with side-looking airborne radar has 
shown that the method has added materially to and 
illlproved significantly upon existen t knowledge of 
resource, engineering and other problems directly and 
indif(~ctly related to earth characteristics and con
figurat ions . 

Specific uses of the survey data and its interpretation 
i ncl udf'! , but a re not limi ted to, the following: 

'I) Improvement of the existing knowledge of the 
regional geology of the project area and therefore of 
the understanding of the occurrence and distribu
tion of natural resources, particularly hydrocar
bons [oil and natural gas) and metallic and non
metallic. minerals. 

2) Additions to the present level of knowledge of 
engineering geology; e.g., the location of faults, 
fracture systems, potential landslide areas and 
other features which may seriously affect construc
tion of dams and reservoirs, nuclear power plants, 
highways, power lines , pipelines and other such 
structures . 

3) Providing, through a consistent and detailed form 
of data presentation, complete coverage of the 
project area for later use by land-use planners, 
forest inventories and other important public 
purposes. 

2 

IV. TECHNOLOGY 
A. INTRODUCTION 

The Motorola side-looking airborne radar 
operates upon the following basic principles: 

1) All materials reflect a portion of the 
microwave energy transmitted as a pulse 
from the radar antenna; an d 

2) Microwave energy travels in straight lines at 
t he speed of light. 

The specialized a ntenn a employed in the radar 
system is fixed with respect to the aircraft and 
transmits an extremely narrow beam of energy 
directed perpendicular to the lin e of flight. As 
the aircraft moves forward, the beam scans over 
the survey area in a series of rapid sequential 
pulses. Energy reflected from the ground to the 
receiving an tenn a is transformed into optical 
energy and is exposed on photographic film. The 
film records at a rate proportional to the ground 
speed of the aircraft to produce desired strip 
imagery at selectable map scales. 

The strip imagery is comprised of thousands of 
data lines per inch, each line recording discrete 
variations in high and low returns differentiated 
as various shades of gray and dark shades for 
low reflec ted radar energy from the earth's 
surface. The magnitude of the reflected energy is 
primarily a function of: 

1) Topography; 

2) Angle of incidence between the radiated 
beam and reflecting surface; 

3) Surface roughness (angular vs specular); 

4) Moisture content; and 

fi) Dielec tr ic constant of the material. 

Radar is particularly useful and highly advan
tageo us in mapping such geological and related 
features as: 

1) Gross differences in lithology; 

c 
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2) Discrete lithologic units; i.e., igneous stocks, 
sills, etc.; 

3) Sedimentary rock trends; 

4) Geologic structures such as domes, anticlines 
and carbonate reefs; and 

5) Faults, shear and fracture zones which 
normally cannot be seen on conventional 
types of imagery, particularly in areas 
covered by dense forest or jungle. 

Range is particularly effective in areas of heavy 
forest covel' because the reflected radar energy 
integrates the individual trees into a 
homogeneous mass which thus accentuates 
drainage. fracture and topographic detail from 
which valid geologic deductions may be made. 
Past surveys have shown how these geologic 
features are clearly delineated in an area covered 
by a thick jungle canopy. 

B. HISTORY OF SIDE-LOOKING AIR
BORNE RADAR 
Motorola Inc.'s association with the research 
and development of the side-looking airborne 
radar dates from the mid-1950's. Initial work 
leading to its refinement was carried out by the 
Corporation in conjunction with the U.S. Armed 
Forces. Its primary role for the Armed Forces 
was the detection and surveillance of military 
targets. The MARS radar is of contemporary 
design and specially modified for industrial 
applications. 

C.ADVANTAGESOFRADAR 
1) Introduction 

Radar is unique from all other methods of 
airborne sensing because it is an active system; 
i.e., it generates its own energy to illuminate the 
earth's surface with invisible microwave rays. 
All other systems are passive. The advantages of 
an active system are that it can penetrate cloud 
cover and, if necessary, it can be flown at night. 
Figures 2c and 3 were obtained through total 
cloud cover. Figure 2c was obtained at night. 
(Note: all the figures in this brochure, unfor
tunately, are fourth- to sixth-generation copies. 
Thus, the quality is degraded considerably.) 

2) Aerial Photography 

Although aerial photos have higher resolution, 
the most obvious difference between aerial 
photography and radar is that aerial 
photography is dependent upon weather and the 
reflections of the sun's energy from the target. A 
second major difference is one of scale. Most 
geological targets, such as faults or stocks of 
significant economic size, occupy an area which 
normal large-scale aerial photography cannot 
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encompass. Radar enables the interpreter to 
have an overall synoptic view which allows such 
features to be seen in their entirety and thus are 
more easily recognized for what they are. 

Photography is normally flown during the four 
hours of maximum sun ascendency . Thus, 
shadows caused by the sun are uncontrolled. 
They not only vary during the day, but on an 
extended project, vary month by month and from 
season to season. Radar illumination angles on 
the other hand are constant and are controlled by 
t he a I ti tude of the aircraft. Unlike aerial 
photography, changes in aircraft altitude do not 
alter mapping scales because radar is a time
distance function of the electronically recorded 
pu lsed energy. With Motorola's unique two-look 
system, what is in shadow in one look is 
illuminated in the other providing a marked 
advantage in the interpretation process. (Figures 
4a and b demonstrate this capability.) Other 
advantages of radar are: rapid data acquisition; 
penetration of smoke or haze; and real-time in
flight display of the developed film for on-the
spot examination of the imagery for quality. 

3) ERTS Satellite Imagery 
(Earth Resources Technology Satellite) 

While satellite imagery displays gross regional 
views of the earth's surface in four different 
wavelengths, or bands, at a scale of 1:1,000,000, 
it has comparatively poor resolution and it is not 
possible to detect or delineate geologic detail 
that is routinely identified on radar. Like air 
photos it is also dependent upon solar lighting 
and weather conditions, and is of little geologic 
va lue in areas covered by dense forests or 
jungles. Radar, on the other hand, has consider 
ably higher resolution than satellite imagery 
and is particularly useful in areas covered by 
dense vegetation because of its low oblique 
illumination angle. 

Figures 2a, 2b and 2c show a comparison of 
satellite imagery, air photo, and side-looking 
radar of the San Francisco Peninsula, California. 
It is important to note how vividly the 
topographic and geologic detail are accentuated 
in the forested area on the radar compared to the 
satellite image or air photo. 

D. GEOLOGICAL APPLICATIONS 
1) Introduction 

One of the principal values of a SLAR survey is 
to improve upon the current knowledge of the 
geology and natural resources potential of the 
project area both in mapped and unmapped 
areas . The resultant information will have broad 
applications in: 
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a) The identification of the mineral and 
hydror.arbon provinces indicating natural 
resources potential; 

b J Providing resource information to the user 
and, as in the case of a government, it may 
dire c t the efforts of governmental 
departments such as the Bureau of Mines, 
Natural Resources, Energy Sources, Corp of 
Engineers, and others concerned with natural 
resources exploration and development; 

cJ Focusing the attention of those concerned 
with geo logical factors and features that 
affect the planning and construr.lion of major 
civil works projects. 

2) Mapped Areas 

Experienr.e has shown that in many parts of the 
world radar has been successful in defining 
geologic features which were not previously 
detected by conventional airborne imaging 
methods or through surface mapping. 

It is assumed that parts of the project areil have 
been mapped in varying degrees of detail and at 
different scales. Perhaps in many instances, the 
chnrar.ter of the mapping has been at the 
rt~connaissance level only in the sense that field 
crews have been forced to restrict their obs8r
vations to valley bottoms, ridge tops and stream 
courses. This method requires interpolation and 
ex trapolation and thus allows the possibility of 
missing something of geologic and economic 
significance. By way of contrast, radar provides 
complete and detailed coverage of all segments 
of the area surveyed although it does not 
eliminate the need for groundtruth surveys. 
Consequently, the radar system, with proper 
interpretation, can be applied to improve sub
stantially upon the geologic knowledge of large 
areas, eve n in areas which have been previously 
mapped. 

3) Unmapped Areas 

Possibly, there are areas of interest that have not 
been mapped geologically. To a large extent this 
deficiency results from the physical and 
economic problems of entry into and mobility 
within these areas. The radar method will 
provide geologic coverage of the unmapped 
portions at a much lower cost than that involved 
in surfClce field work . Thus, the geological data 
provided from a radar survey could lead to the 
discovery of important new natura l resources 
assets. 

E. MINERAL RESOURCE 
APPLICA TIONS 
A number of mineral producing areas and 
metallogenic provinces have been flown and 
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mapped using the Motorola radar system. 
Favorable results in terms of the definition of 
mineral trends, known productive areas and 
potential new ore deposits have been obtained. 
Unfortunat ely, the data is r.onfidential client 
information and examples cannot be shown 
here. However, it can be said without qualifica
tion that the radar technique has proven to be 
successful in mineral exploration and develop
ment in the following situations: 

1) The extrapolation or extension of known 
minera l trends on the basis of fracture 
analysis and related anomalies; 

2J The det e rmination of controls of known 
m illf~ rill occurrences and the definition of 
low-risk unexplored areas which exhibit 
simi lar r:ontrol features; 

3 ) The delineation of mineralized contact 
metHmorphic trends surrounding or con
taillf~ cI with in batholiths, stocks and other 
intrusives. 

This type of information could be of great value 
in the f1ppr a isa l of the minera l potential over 
large areHS of varying geology that exist. The 
info 1'111 a t ion will serve two pri mary purposes: 
(1 J t he focusing of attention on areas of lowest 
exploration risk and therefore maximum poten
tial return; Hnd (2) the estahlishment of mineral 
resource royalty sr:hedules and other policies to 
re flect compensation un the basis of the 
probability of resource occurrence . 

F. HYDROCARBON RESOURCE 
APPLICA TIONS 
Side- looking airborne radar has been and is 
being successfully applied in known and poten
tial oil and gas producing areas. Radar has been 
directly responsible for important discoveries in 
Indonesia , Malaysia, and South America. Radar 
and its proper interpretation is particularly 
lIseful in hydrocarbon exploration and develop
ment in the definition of: 

1 J Fract ure and fault trends, patterns and 
densities which lead to the detection of 
fracture porosity ;lOd permeability in shaly or 
other low permeability sands; 

2) Known p rod ucing and the discovery of new 
potentially productive geologic structures, 
and the ex trapolation of geologic control 
factors into unexplored but potentially 
productive areas for the purpose of defining 
low-risk a reas and features of interest; and 

:~) Known producing reefs and, on the basis of 
the definitive parameters involved, the loca
tion of potentially productive but yet un
discovered reefs. 
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As in the case of mineral deposits, this informa
tion is of significant value in the determination 
of the hydrocarbon resource potential that will 
be of great assistance in long-range exploration, 
production and marketing planning. 

G. ENGINEERING APPLICATIONS 
1) Introduction 

The engineering applications of radar are 
numerous and among the most immediately 
rewarding. Radar has been successfully used by 
both government agencies and private firms in 
the investigation and siting of dams and reser
voirs, nuclear power plants, tunnels, pipelines, 
roads Hnd railroads, and regional seismic 
studies . II has been used advantageously for 
flood mapping and assessment , location of 
sources of construction materiuls ,md in 
hydrology. 

2) Dam Sites and Reservoirs 

Geologic consideration such as the physical 
properties and characteristics of the formations 
in the nbutments, foundations, spillway areas, 
reservoir wall rocks and construction materials 
weigh heavily in the design of such structures. 
Of considerable importance are the location of 
faults and fracture patterns. Radar with its 
synoptic views and low angles of illumination 
hilS the remarkable ability to enhance geological 
and topographic features even in areas of low 
relief and where subdued by erosion or masked 
by dense vegetation . Faults, shear zones and 
frHcture patterns are clearly distinguishable on 
raclar that are frequently overlooked in the field 
or on aerial photographs. Numerous examples 
can hI! citerl where these features were missed in 
th(~ field and where they would have had a 
material affect on the design of the project. Two 
such examples are annotated in Figures 5 and lc 
nnd ld. Figures 1a through le demonstrate a 
series of comparisons of satellite imagery, air 
photo, radar imagery, radar mosaic, and regional 
geologic map of the project area. Although the 
radar mosaic is a 4x reduction and sixth
genera tion print, it clearly reveals numerous 
geologic features that were previous ly unknown 
and unmapped. 

3) Linear Utility Installations 

Geologic; and topographic features are as impor
tnnt in the location and design of linear utility 
installntion struc;lures as they are in dam and 
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reservoir projects. Highways and railroads, 
more than transmission lines and pipelines, 
usually have the added engineering stability 
problems of cut-slopes and fills. Landslides and 
slope failures are a particular headache and 
sometimes very costly. The geometry and 
attitude of bedding planes, joints, fractures and 
fHults are important c;ontributing factors in 
th ese types of failures. Normally it is 
(~ conomici-illy inf~~asible to drill every cut slope 
or fill area, and geologic rec;onnaissance in dense 
forest regions are inadequate at best. From 
radnr, however, the major and controlling 
frac t u re pa t terns can be iden tified in the 
planning phases. In the case of pipelines in 
seismic regions such as the trans-Alaska 
pipclinp. , radar was extremely valuable in 
icilmtifying previously unmapped faults and 
frm:t ure pallerns. An annotal!~ cJ eXnmp le is 
shown in Figure 6. 

4) Local Installations 

S lructul'P.s requiring the safety and welfare of 
people in seismic regions are challenging to 
design engineers. In the case of a nuclear power 
plant for example, laws and regulations may 
require the most thorough and rigorous type of 
geologic investig8tions. Because of their ex
pense, economics dicta tes that the exp loration, 
r\1!sign and construction phases be completed in 
,I timely manner. Again, Motorola side-looking 
nirborne radar hilS been, and is being, used to 
grt!nt advcll1tage because of the wealth of 
geologic data that can quickly be obtained . 

Engin~!f! rs and geologists alike, state that radar 
WilS ess~!ntinl in their studies of nur.iear power 
plnnl sit~!s in California, Oregon and 
Wnshington states where dense forests blanket 
the countryside. The most recent application of 
rildar imagery for a nuclear power plant siting 
study was in thp. vicinity of Bagac, Bataan 
P(!ninsula, Philippines by Motorola under con
tract to Ebasco and NPC. 

H. OTHER APPLICATIONS 
Rmlar has also bl~en used and is ga ining favor as 
01 viablf! tool in lilnd-use planning, agriculture 
,Ind forestry, sea-ice reconnaissance, flood 
lllapping and assessment, and beach erosion 
studies. Regional planning relating to the zoning 
of lands for agriculture, cattle grazing, forestry, 
rec;reiltion, green-helting, etc. can be very 
pfil!c t ively augmented with radar. 
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V. SURVEY PROCEDURE 
A. INTRODUCTION 

Side- look ing airborne radar surveys of the 
magnitude described herein require comprehen
sive mission planning, a moderately large and 
stab le high-performance aircraft equipped with 
pr~!cision navigational aids, reliable sensor 
systems, and competent professional personnel. 
Close and positive cl ient coordination is essential 
in a logistical ly complex survey of this nature, 
pClrticularly during ingress nnd egress to the 
projf!ct area, and data acquisition phases of the 
project. Below is a brief summary of the equip
nwnl, personnel nnd operational aspects of the 
proposed survey. 

B. EQUIPMENT AND PERSONNEL 
1) Equipment 

Th~! J11C1jor survey equipment is the aircraft and 
the raclar system which are described below: 

el) Aircraft specifica tion 

(1) Grumman Gulfstream Type C-159 
(N703G) t wi n-engine turboprop. 
pressurized (Figs . 7,8, & 9) ; 

(2) Fuel. Jet Al or equivalent; 

(3J Range, 1800 nm (excluding reservesJ; 

(4J Toted weight (loaded], 36,000 lbs.; 

(5J Cruising speed, 120 to 280 nm per hour; 

(6) Maximum rated altitude, 30,000 feet msl; 

Il) Racial' specifications 

(1 J Modified Motorola AN / APS-94D real
aperture system; 

(2) X-bund (3 cm) wavelength; 

(3) Real-time in-flight display, wet process
ing 9 .5" x 40' film (Fig. 10J; 

(4) Mapping scales, 1:250,000,1:500,000,1:1,-
000,000; 

(5) Area mapped; left side, right side or both 
sides simultClneously; 
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(6) Swath widl h capability , 25, 50 and 100 
k 111; 

(7J Stab ilized antenna; 

(II) SWClth overlap, approximately GO percent 
(al lowing for steroscopic viewing). 

2) Motorola Personnel 

The Motorola crew consists of two highly 
qualified, lic(!nsed pilots with extensive inter
national and domestic experience, a crew chief, 
Clnd a r;lclilr engineer. Three of the crew members 
(ll'() FAA certified Airframe and Power Plant 
(A/ P) mechanics . The fifth member of the party is 
il project manager/ remote sensing specialist who 
supervises the survey, data acquisition, and 
ClCC(!P t H nee of the film at the hase of opera t ions . A 
corpor;llp orficer Hnd geologist lllay a ls o make 
vi sit s to I he base of opera t ions to oversee the 
ent ire project. 

3) Mobilization and Demobilization 

Mobilization and demobilization consists of all 
r.nsts related 10 project planning and the 
transport or the aircraft, crew and equipment to 
t he survey area from Phoenix, Arizona, USA, and 
I'(~ t urn. The cost of mobilization and demobiliza
ti()n is separate from that of flying the data 
acquisition portion of the project. 

4) Airfield Requirements 

In compli ance with Corporate regulations and 
snfr.ty requirements, and to protect the radar 
an tenna heneath the aircraft, paved runways of 
5,000 fe(~ t or greater are satisfactory airfields 
from which to operate under full-load conditions. 
Commercially available jet A-lor equivalent fuel 
with over-the-wing refueling a ccomodations and 
ground power units are also requirements of 
acceptable airfields from which to operate. 

5) Navigational Control 

Radar surveys, more than any other type of 
airborne survey, require near-perfect straight 
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fHsht lines in order to maintain parallelism and 
the desired overlap of adjoining flight strips for 
Illosaic construction. In addition to the 
sophisticated radio communications equipment, 
distance measuring equipment (DME) and 
Singer-Kearfott doppler navigation systems (Fig. 
9). additional navigation equipment is utilized by 
MARS depending upon the complexity and size of 
the project area and upon the user's 
specifications. This is in the form of either inertial 
or VLF navigation equipment. 

C. FIELD OPERATIONS 
1) Flight Line Patterns and Coverage 

Topographic configuration of the terrain, relief, 
slope angles, and general geologic structural 
grain of the region, govern aircraft flight-path 
headings and altitudes. Line spacings will be 
adjusted in order to optimize the geology and 
radar imagery presentation. These requirements 
are carefully considered in the mission planning 
stage of a survey. If the area is characterized by 
rugged mountains with steep slopes and high 
relief, adjustments ' will be required in flight-line 
spacing and altitudes in order to maintain desired 
depression angles (radar shadowing). 

The structural grain will be considered in 
determining the optimum flight line direction. A 
10-kilometer flight-line spacing (6.2 miles) will 
provide 60 percent overlap between adjacent 
imagery strips and afford stereo viewing during 
interpretation. Imagery acquisition will be at a 
scale of 1:250,000. In order to divide the area into 
standard conventional map sheet sizes (1:250,000 
scale, one~degree by one and one-half degree 
sheets) and to maintain control of this scale for 
mosaic construction, individual flight line 
lengths will be chosen for maximizing data miles 
and minimizing the total flight time. 

The natural fracture pattern and geologic struc
tural trends in the project area must be studied to 
determine the optimum flight line direction. 
Actual flight line heading and other survey 
parameters will be closely coordinated with user 
representatives prior to a survey. 

2) Recording of Data 

The ability to gather imagery out of both sides of 
the radar antenna simultaneously with the 
Motorola system is unique in the industry. 
pouple radar coverage of the entire area will be 
oPtained producing two mosaics of any given 
area which will be illuminated from opposite 
qirections - in other words, a feature which is in 
shadow on one mosaic will be illuminated on the 
other. This method insures that all surfaces will 
pe illuminated on the other. This method insures 
that all surfaces will be illuminated for more 
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thorough interpretation. Motorola provides this 
special two-look direction radar imagery at no 
additional cost. 

The imagery is recorded and developed on-board 
while in flight in a recorder-processor unit, which 
produces developed film negatives for real-time 
viewing and examination and is the permanent 
data record. See Figure 10. The film is 9.5 inches 
wide and 40 feet long, and is of a special, rapid
developing type manufactured by Kodak. Stan
dard developer is used. 

3) Processing of Data 

Special portable equipment is used to wash, fix 
and dry the film immediately after each flight. 
Each image strip is then numbered and checked 
on a variable-intensity light table for scale and 
quality by the project manager. Strips containing 
excessive flaws or inadequate sidelap are iden
tified and reflown at Motorola's expense. Upon 
completion of individual blocks of data, contact 
prints of each imagery strip will be made and 
delivered to the client. Film negatives will be 
returned to Phoenix, Arizona, USA, for printing, 
scale and tone matching, and construction of the 
mosaics. Full-size negatives for each mosaic sheet 
will be made showing appropriate title blocks, 
index maps, and coordinates. The final 
deliverable products will include but are not 
limited to: 

a) Original negatives of imagery strips; 

b) Contact prints of imagery strips; 

c) Full-size negatives of mosaic sheets; 

d) Contact prints of mosaic sheets; 

e) Detailed survey flight logs; 

f) Flight index map. 

4) Scheduling 

Typically, a three-month scheduling window is 
desired, particularly for a survey performed 
outside the USA. Obtaining permits from all 
governments concerned as well as the logistics of 
planning is time consuming. This also allows for 
mobilization to the project area. In climate zones 
that have extreme conditions such as very heavy 
rains or extreme cold, longer schedule times may 
be necessary so that the optimum climatological 
time may be used. Although SLAR is an all
weather sensor, extreme conditions can effect the 
imagery quality. 

In those cases where a survey is needed im
mediately, the first available idle time of the 
aircraft and crew will be utilized. 

5) Data Delivery 

Normally, good data can be delivered to the 
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MARS home office for contact printing and 
mosaic construction seven days after the aircraft 
and crew arrive at the project area providing no 
external interference is experienced. Usable, high 
quality SLAR imagery can be acquired at a very 
high rate; for example 10,000 square miles was 
recently obtained in three, six-hour flights. 

The acquisition rate is a function of many 
parameters: distance to and from project area and 
base area, extreme weather conditions, aircraft 
and sensor maintenance as an example. 

Contact prints of the strip imagery can be 
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delivered two weeks after imagery acquisition 
and mosaics can be delivered six weeks after 
imagery acquisition. In the case of very large 
nreas, the data deliveries can start six weeks after 
t he first imagery is acquired and will be delivered 
on an as-finished basis. 

Interpretation can start as soon as imagery is 
available. However, overlays, lineament analysis 
and final data normally is delivered three to six 
months after completion of all data acquisition 
ilnd mosaic construction. 

o 
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VI. DATA 
INTERPRETATION 

A. INTRODUCTION 
Experienced and qualified geologists in engineer
ing and exploration geology - and recognized 
experts in radar interpretation - are on the 
MARS' stHff. Other technical personnel, if 
required, Hre a vailable to MARS on a consulting 
basis. It is these geologists whose expertise is in 
remote sensing who will provide the interpreta
tion of the radHr imagery obtained from a survey. 
As prr~viously noted , the data presentation is 
provided in two basic forms: 

'I) Individual flight-line radar imagery for each 
lint! flown; 

2) Mosaics on the scale of 1:250,000 which 
generally correspond in geographic coverage 
and size to existent topographic and geological 
sheets of the project area. Two opposite look 
rada r imagery mosaics wi II be provided for 
each map sheet. 

B. INTERPRETATION 
Using the flight line and mosaic presentations 
referred to above, along with other available 
information, MARS will prepare interpretive 
maps which will define: 

1) Gross lithologic boundaries; 

2) MHjor geologic structural features such as 
folds and faults; 
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3) MHjor geomorphic features; 

4) Significant surface drainage and tonal 
anomalies; 

f» Lineament map showing all significant fault 
and fracture pallerns; and if desired a 

6) Lineament analysis including histograms, 
fracture deviations and fracture density con
tour maps . 

The above interpretation is primarily geological 
in nat ure related to natural resources exploration 
and development. It is not intended in any way to 
be final or a complete analysis - nor is it intended 
to i ncl ude all the types of da ta t ha t can be 
(~xtracted from the imagery, For example, 
foresters or land-use planners would be in
terested in an entirely different type of inter
pretation - nevertheless that kind of data are 
available from the radar imagery. 

The interpretive data will, however, provide a 
comprehensive initial presentation of major 
geologic features which will focus attention upon 
high-priority areas of interest that may be of 
economic significance. These selected areas or 
features would, of course, warrant further, more 
meticulous and detailed interpretation and ul
timately ground field studies for verification. 



BUTLER 
VALLEY 
DAM 
SITE 
(SEE 
Figure 1e 
and Figure 1d) 

AREA 
COVERED 
BY 200 FT 
REDWOODS 

EGG SHAPED 
AREA IS 
PLEISTOCENE 
NON-MARINE 
SEDIMENTS 

AREA 
SURROUNDING 
TERTIARY 
MARINE 
SEDIMENTS 

Large number of northeasterly trending lineaments, 
some of which are indicated between small arrows. 
Not prev iously mapped, see geological map [Figure l eJ . 

Subsequent field check indicated many are faults. 
Northwesterly trending lin eaments previously known . 

Compare this radar mosaic 
with ERTS image of same area 
[Figure 1 b) for detail 

APPRO X SCALE 1:1,000,000 
REDUCED FROM ORIGINAL SCALE OF 1:25,000 
AREA FLOWN WITH APPROX 55% CLOUD COVER 

Figure 1a. Motorola Radar Mosaic, Cape 
Mendocino Area, California 

PRACTICALLY 
WHOLE AREA 
COVERED BY 
THICK FOREST 



EGG SHAPED AREA AND SURROUNDING AREA 
NOT DIVISIBLE AS ON RADAR MOSAIC 

Compare with radar mosaic (Figure la) for detai l 

Figure lb. ERTS Band 5 Image, Cape Mendocino 
Area, California 

Approx Scale 1:1,000,000 



BUTLER VAI.I.EY DAM SITE 
NOTE I.INEAMENT ON RADAR STRIP (Figure 1d) 
CANNOT BE SEEN ON THIS PHOTOGRAPH 

Figure l c. Aerial Photograph of Butler 
Valle y, Cape Mendocino Area, California 

Scale 1:33,600 



TWO STRONG LINEAMENTS TRENDING NORTHEASTERLY 
DIRECTL Y THROUGH DAM SITE. SUBSEQUENT FIELD 
CHECK PROVED THEM TO BE FAULTS. 

Figure ld. Radar Strip, Butler Valley , Cape 
Mendocino Area, California 

BUTLER VALLEY 
DAM SITE 

Scale 1:250,000 



LAKE 

Figure 2a. ERTS Band 5 Image, San Francisco 
Bay Area, California 

NOTE: 
GOLDEN GATE 
BRIDGE BARELY 
VISIBLE 

Approx Scle 1:1,000,000 
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FORES 
AREA 

Figure 2b. Photograph Taken from High 
Flying U-2 Aircraft, San Francisco Bay Area, 
California 

Scale 1:250,000 

SAN ANDREAS 
FAULT 



FORESTED AREA 
NOTE TOPOGRAPHIC DETAIL 
NOT APPARENT ON ERTS IMAGE 
OR U-2 PHOTO 

STANDFORD UNIVERSITY 
LINEAR ACCELORA TOR 

Flown with 100% cloud cover and rain 

Figure 2c. Radar Image, San Francisco Bay 
Are a, California 
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TYPICAL DRAINAGE AND 
LINEAMENT PATTERNS 
DEVELOPED IN 
INTRUSIVE ROCKS 

DENDRITIC DRAINAGE PATTERN 
INDICA TIVE OF SEMI-CONSOLIDATED 
SEDIMENTARY FORMATION 

RECTANGULAR 
LINEAMENT PATTERN 
INDICATIVE OF 
METAMORPHIC 
ROCKS 

Figure 3. Rad ar Strip , La Jolla Area, California 

DISSECTED 
MARINE 
TERRACE 



BLUFF ILLUMINATED 
FROM EAST 

Figure 4a. Radar Image , North Texas Area, 
West Look 

Scale 1:250,000 
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BLUFF ILLUMINATED 
FROM WEST 

Figure 4b. Radar Image , North Texas Area, 
East Look 

Scale 1:250,000 
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DAM 

SHEAR ZONE 
"MOTHER LODE" 
IN CALIFORNIA 

TWO STRONG LINEAMENTS 
TRENDING DIRECTLY INTO DAM 

Figure 5. Radar Strip. East Sacremento 
Valley Area. California 

OROVILLE DAM 
NO LINEAMENT TRENDING DIRECTLY INTO DAM 
PREVIOUS FIELD CHECK WELL CONDUCTED 

EARTH FILL DAM 
AT LEASE THREE LINEAMENTS 
TRENDING DIRECTLY INTO DAM 

c-J 
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15 KM 
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THIN LINES MARK LINEAMENTS KNOWN FAULT 

AIRFIELD 

Figure 6. Radar Strip, Alaskan Pipeline 
Route 

PIPELINE ROUTE Scale 1:250,000 



o 



cO 
Cl) 

I 5 
.~ 
~ 



o 
Figure 9. Navigational Equipment 
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SHALLOW DRILLING AND LO GGING 

THE SPRECHER URANIUM PROSPECT 
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SKETCH CROSS-SECTION 

I N GENERAL AREA OF 

Sec.3EHSN-18W 

McKINLEY COUNTY, NEW MEXICO 

E. 
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