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URANIUM 
IN ARIZONA 
by Robert B. Scarborough 

The boom In the Ilrf-HlIlHlI IrldlJstry durirl~J the WElDs and 1960s 
affected ArI7()rlfl., f-JS wpll as (rIi-HlY oiIIR! ww;tUril sidles. i\ccordinQ 
to Department of l:nerrw production records, 16 rn;ili()fl [)()IJrlrJS of 
IHf-Jrliurn concentrate fmve [)een produced from :'128 Il1In[)~; III 
S(JVPrl rTldJor im~iJS In Ari/una, rTlosily hRtwmJll 1948 and 1969. 
I hese s[)ven arcns. and the geologic enVIronments from INhich tile 
llfil.nium has been extmcled. Inay be QroupecJ in order of d(-)(;rod~,­
I'I\] prorJllctIO[l, as follows' 

1 Monument Valley-Shinarump Conglomerate 
? Orphanloue-hrp.cCL'i pipe 
3. Lukachukai MOiwtalns Morrison For::latlorl 
4 Cameron area-Chinle Formation 
:) Carri70 MOUrllauls-MorriSOrl ForfllClliOri 
6, Siorra Ancl1a Mountains lJr!PPlng ~prlng Ouartzite 
7, Biack Mountain area-Toreva formation 
A number of other geologic enviror:ments 111 Arirlfla tliat arc 

knD'lNrl ;0 COfIIil'fl many anomalous cor'c()nt(,Jtl(Jn~; of uranium are 
II stud below and categorlLed 111 I'lgure I Asterisks preceUe thm;e 
environments with minor uranium productlOIl. 
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Uranium_vanadium o,e being removed from a mine in the Lukachukai Moun· 
talns of northeast Arizona during the early 19509, This mine, operated by 
Kerr-McGee Co., was developed in the Jurassic-age Salt Wash Member 01 
the Morrison Formation, Sedimentary rocks 01 this age stoll are the largest 
producers of uranium ores in the U.S. Photo from U.S, Bureau of Mines, 
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Map, p. 9; New Exhibit, p, 9; Bureau Activities, p. 10; MMHRI, p 11, Abstracts, 
p. 11; Papers, p 12. 
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Figure 1. Are~s of Uranium Production and Occurrences 
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Clearly, ur8nium IS found in many different areas and geologic 
environments. This rTlHY be a reflection of the relative chemical 
mobility of uranium wilen compHred with other heavy metals. Onco 
leached from a source area, uranium migrates easily in aqueous 
solution until fixed or preCipitated by sulfur or organic molecules. 
TillS geochemical tendency In nature produces two classes 01 
urlmium deposits, either magmatic-hydrothermal or secondary 
The type oj uranium depOSit is thus dotermined by the uranium·s 
association With magmatic or hydrothermal (hot water) activity, or 
whether It has been transported for sOrTIe distance by groundWater 
and deposited in favorable unvironrnents, rrtost often in sediments. 

View looking southeast In the uranium mining country 01 the LukachUkai 
Mountains 01 Apache County. Rim strips and access roads are buill mostly 
on clilfs of Salt Wash Memb-ef 01 Morrison Formation. last mining in this 
area was In 1968. Photo by R. SC<lrborough. 

Uranium in porphyry copper depOSits, or in pegmatitE-~s, are exam­
ples of the first type oj deposit. whereas urclnium in the Morrison 
and Chinle I;ormations oj the Colorado Plateau are examples of 
the second type. Certain other deposits, such as in Plateau broc­
ciH plpOS. tend to have characteristics of both typos of deposits. 

ARfZONA URANIUM OVERVIEW 
Wurldwide. much uranium IS produced from crystalline rocks, 

such as Cllkali-rich \]ranltes; but in the United States. VIrtually (lll 
uranium production is from sedimentary rocks. moslly in New 

Mexico. Colorado, Utah and Wyoming. Most U.S. production is 
from MesolOic·aQe sediments (2-10-65 million years Old). except 
nl VVyoming wllere thoy are Cenozoic (65 million yoms to present). 

Tile vast majority of Arizona uranium produclton has been from 
the Colorado PIHteau portion of the stato (Figure 1 and Tallie 1), 
lrom Mesozoic sediments which are similar In geologiC setting to 
the longer deposits in (ldiacent Utah, Colorado and New Mexico. 
The main goologic sources for Arizona production are the TriHssic 
(225·.190 my) basal Chinle Formation including the Shinarump 
Conglomerate Member In Monument Valley, and tlie ,Jurassic 
(190--140 my) Salt Wash Member 01 the Morrison Formation in tho 
Carri/o and LukHcliukai Mountams .. ] he othE-lr principal source in 
Ari70na has been the Orphan lode breccia pipe in Grand Carlyon 
National Park. TOQether, these areas account for about 99% of all 
production of An.wna uranium. The Cretaceous Toreva Formation 
of Black Mesa and the PrecambrtHfl Dripping Spring Quart7ito of 
the Sierra Ancha and vicinity account for most of the remaininy 
1%, while scatlerud, small Shipments from the Basin and nafl~Je 
country make up the remainder. 

MAJOR PAST PRODUCERS IN ARIZONA 

Morrison Formation 

HistOrically, til() Salt Wash Member of the Morrison Formation in 
thp- eastern Carrizo Mountains was th(~ earliest Ari.(ona source of 
radloHctlvo millp-rals. Around 1~)20, small amounts of uranium ore 
were shipped to Colorado for extraction of radium. Later, six mines 
in the western Carnzo Mountains shipped some Salt Wash va­
nadiurrl ore during World War II (1942-1944).I:inally, irl 19-18. these 
and other Carrizo mines began supplying uranium for nationnl 
delonso purposes under the auspices of the newly created U.S. 
Atomic Fnergy Commisslon.·1 hiS jJrodlJr.tiofillad been losiE)(()d by 
prellrllifiafY ma.ppin~) and feasibility studies by Union Minos ne 
velopmcl1t Corpufation (UMLJC) pmsonnel. orgnnized by the Army 
Corp of Fn()ineers for the Manhaltilll Project during 1943-1946 
SI10rtly thereafter, irl 19~)O- f~J;j1. Uf3nlUrn was (J!o;covered in tile 
nearby LukactllJk::t1 Mountains and development quickly followed 
Around 19~)0. the U.S. Geological SUfV8Y started rp.[Jlonal geologiC 
stuciles of IIw Colorado Plateau basud on tls uranium potentinl, 
which. among other lhmus, allowed 1I1e cliscovury 01 uranlurn mirl­
emls at the Orplwn Mlnc In the Grand Canyon in 1951. See 
C11cnoweth (1980) for lu rther details. 

l3etwcen 19tJ8 amJ 1966. about 50 mines in the Lukacilukal 
Mountains and another 93 In tllC Carrtzos produced approximately 
3 D million pounds of uranium (U30H) frorn ores cOfitaininQ about 
0.23% UJOa and about 1.2% vanadium (V20,). Most of tllis ore was 
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obtainp-d throuQh Ilnderground room-and·Vlllar techniqu()s with 
adits or surfacE-~ decltnes driven from mess rims developed on 
cliffs of the Salt Wasil Momber of the Mornson f ormatlorl 

Tile Salt Wash Member of thu Morrison l-ormation IS interpreted 
as continental fluviaHloouplain depOSits (Chenoweth ond Malarl, 
1973); the uranium-vanadium ores are stratigraphically confined to 
cp-rtClin mudstone and sondstofle layers Wilicil contain abundant 
fossil woody·-planl trash and carboni7.ed log Imgments Ore grade 
is closely Hssociatud with organic content, which, in turn moy be 
related to 1I1e position of pomt bar deposits with respect to paleo­
mcandor bends in the stream courses. 

Most workers interpret thp- ore depOSition as qUickly following 
sediment deposition, before later diagenesis solidified tile 
mudstonl-lS. In the Carrizo MOLJntains at the Zona Minp-. Chenoweth 
and Malon (1973) interpreted the ore depOSition to have taken 
place before till) Salt WHsh sedlmonts were intruded and baked by 
the l.aramlde-age Carri70 Mountain laccoliths. Hence the ore 
deposition is pre t.aramlde ( ~ 70 m.y) in ago. 

I\n unoxplained attribute of the· Sail Wash ores is a ratio of vana 
dium to uranium 01 approxirnatoly 4·1 up to H:1 ThiS ralio IS a high 
lor Ari.(ona uranium deposits and accounts for 17.9 million pounds 
of V20" production Irorn mines In the Salt Wash Member alorlP-. The 
uranium and vanadium appmently migrated together under ap· 
proprintn geochemicnl conditions, presumably from the source 
area of the Sail Wash sediments, somewhere to the west of whilt is 
today tee's Forry on the Colorddo Rlvor (Craig Hnd others. 1955). 

Chinle Formation 
The basal part of the TriaSSIC Chinle hlrmiltlon In the CWIlDron 

areH and in tim Monument Vallp-y re(JI()fl 01 ArtL:ona cHld Utall had 
sustained production of uranium between 19-18 and 1969. In tfw 
Cammon area, the lower part of the Chinle Formalion (termed the 
sandstone and siltstone rnembm by Rp-penning and othms. 1969, 
p. 5) and vanous hori/Of1S in the Petnflud rorest Member contHin 
ore zones that cOflsist of Interbedded sands ami mudstones Willi 
abundant Silicified logs These strata am exposed alonu both 
Sides of the little Colorado niver 1m 40 miles 1\ total of 102 mines. 
most of Wllich were open pits averaging betwep.n 20 and 60 foct 
deep, produced 1.24 million pounds of U30 a and 2f?,OOO pounds 
of V20b between 1954 and 1963 (see [3ollln and Kerr. 1958). llwse 
mined nreas represent only til{) most accessibte ore bodies Cer­
tHinly, some potential for siiqhtly deeper om bodies remains rn the 
ama. as suggested lJy "OITle recent drilling results. In tlio eastem 
part of tile Cameron mea, minor production ·IS recorded from the 
basal Kayenta Formation 

Monument Valley has beefl ttl() sinUIp- most produclive area for 
uranium ill Arizona In thiS rll(llOn, well·defined channels of Ifle 
basal Chinle conUlomerate (the Shinarump) werel cut into the 
Imderlyin(] I riassic M()(-Jflkopi FormatlOfI and were subsequently 
mlflerallL:ed locally The clwnrlel fill consists of pehbley conQlom­
crates With ScJf1(istone and mUdstone lenses dnd locally abundant 
carborll7.ed and SiliCified loqs. jotal Monument Vnl!p-y production 
from 34 mines between ffJ48 and 1968 amounts to 8.7 mtlll(m 
pounds of lhOa arid ?-1.4 million pounds of V205 Arizona's larqe~it 
slflgle mine Uroup IS nle Monument No ? mine. opp-rilt()(i by the 
VWlildlWII Corporation of Arnenca .j IllS Monument mlnc~ Ie; in HJl 
p-roslonal remnant of iI low scour In a slnqle Shinarump channel. 
With both upstrc:1I11 ami downsirp-i-HTl portions removed by later 
erosion. The preserved channel rcrTHIi-mt IS cut througll tile MOP-fl­
kopi i"orrnation into tile underlYing LJo Chelly SClndstolle, clJld I:; 
ahout 700 fcel Wille and up to 60 feet deep. Mor1lif1lp.rlt No. ? 
prodlJctl(HI alone aCCUlJrlts for 5 2 fmliion pounds of lb{)s and 21.fl 
mrlli(HI pOllnds of V2 0,> from 1952 to 1967 Farlier underqroufld 
workinqs wcre eventually replaceclllY an uper! pit which lolloweci 
tI)(-~ C()lJr,;e 01 tho Shir1dfurTlp chdrlflcl Production WilS enlliJr1cp-d 
from I%~ to 19(-i4 by a m()cl1anical upgrader sltui.1toci ncar the 
rnine lilat sRp8riltcd IllQller Qrade clay Silt orc ilvcrauill(J () )4% 
U3(J" Clnd) G% V;O" from more ,·;;.mdy rnat(;;IJis (0.02% l1308 and 
(l.18'}:' V20.,) WillCll were dlscmlicci. Dllflnq H)(i4 1967 11eilp 
Ica'~hlr1(1 01 thp- ,;;'Ifld reSlciue dnd some !ow (jude orR (p,)lltcci 

•• . .,.'" 
Mining allhe Charlie Huskon No.3 open pJt In the Cllmeron area, April 1966. 
Uranium here Is in ssnds and shales of the Triassic-age Chinle Formation. 
Petrilled wood in the sediments is especially uranium riCh. Photo by W. 
Chenoweth, Oept. of Energy. 

In additional production Orc minerals at MorllJfrlent No.2 are 
tyuyarnunite, carrlotite. becquerelite, herwt[ite and uraninite; they 
irnprcgnatp. snndstone lenses, fill lracturos. and replace clay and 
lossll plant fragments. Most workers hypothesl7P- Ofe deposition in 
SllinaflJmp crli-lf1nels to 113ve occurred throllgll tho trapping 01 
uranlIHIl-vClnadiwll rninerals by organic dobns In the charHlp-ls 
from groundwater solutiorls which were moving through tllP­
permeable channelways In tll(; post··Slllnarump limp-. However. 
f Innell (1957) slj~mests a Lammlde WJ8 of low-Iemperature hy 
drothcnTlal ore depusllion 

Breccia Pipe Sources 

l3reccla pipes are found In larQe areas of the Colorado Plalcau 
counlry. More than fOO have been postulated by DOF. subcontract 
studies to exist ill the rp-gion surroufldlng tile Grand Canyon. rhe 
pipes tHke the form of vertically elongate, cylindrical masses filled 
with heterogeneous assemblilges of sedlrnentll.ry rock fragments 
thHt have be(·m dlsplnced cJownword, presumably by collapsp. into 
d solution cavity formed In Mtsslss'lpiari-age Hedwall Limestonu 
Radial and concentric l3ult~; and IrHctures mark the lateral pipe 
boundaries. Whore [~xplored, the pipes never contain sedlmenlary 
material that call be proven to have moved upward, nor do they 
contain any volcaniC debris. Many. but by no means all. 01 the 
Ari70na Plateau pipes contairl varying dcgrees of copper and/or 
uranium minmalizatlofl. PdSt uranium production in Arizona IS re­
corded from five pipes. ·Iho Ilrst four (Chnpel, 1·lack Carlyon, 
nidmlOlJr and Rivervlcw) supplied a cumulntive total of 1852 tons 
of ufilnifllte-type Of(; IIlat contained about O.b% UJOS between 
1950 and 1964. The fifth, tho Urphan l.odp-, is the second laruest 
Individual Arizona urfHllum mine. It IS crodltcd With 509,000 tons of 
ore that conlalned 0.~3% \hOs. and wllll considerable values 
of coppor and silver. Vanadium content was qUite low 

Thp- Orphan orcs arc fTlo,~tly primary uraninite·pyrite·clwlcocite· 
tenflantltu. with some secorldary ores found rlear thp. present sur-
18ee of the rTllne, 1,000 leet below the top 01 tllC Grand Carlyon 
.j he ores have heerl slJhdlVlded Into basically two types. A central 
·'I.r orehody occupies d ··plpe within a pipe· structure. wllere tile 
ore 11as Impregnated the fIlgilly Ilfl)Cciated pip()-IIII dmlved lar[Jely 
from the COCorlirlO Silrllistone. lhe eJrmUlilr ring orebody IS iOllnd 
mostly outside the pipe pp-rlflleter. ?OO 1)00 teet helow the surface 
OutSide 01 til() pipe perlmlJlp-r. rich ore selectlvdy mpldcecJ certairl 
mudstone layers in the SUPill I·ormallon For d(~tall~i of Orpliari 
neology. spe Gornlt/ and I<prr (1970) Jrld I(offord (19G9) 

Or() rl1lr1[~d In 1956 to 19b9 was hOisted to the ci-myon 11m by ,m 
aerial bll(;kct tramway With a 1 000 tOil-per rTlcmtil cdpdcity. From 
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AdJis in the Little Joe-Workman mine areas of the Sierra Anchas of Gila 
County. Uranium Is contained In the fate Precambrian Dripping Spring 
Quartzite. This area ia continuing as an exploration target in tile 19aos. 
Photo by R. Scarborough. 

1959 on, ore Wi-l.8 hoisted through a crosscut and 1,600 foot shi-Ift 
directly to the canyon nm_ Most ore was trucked to the Rare Metal,; 
Mill in TIJlla City. 

More tllan 60 exotic mirIHal:; have been idmltlf,ed at thtJ Orphan 
mine. Oetail8d clllaly,;es indicate prirnmy ore deposliion at tem­
peratures of 60° to 110" C. with uranium-lead aoe dates sUQQest 
In~_J il .Jurassic aoe ()f ore ejepositlon. InterestlnOly. tllis v8ry rlf-li-Irly 
COinCides with the dUU of :he Morr,son Formation sedirmmtatlon irl 
the I~our Comers region to the easi. 

Other Arizona Production 

Between 10,000 and 20,000 tons of uranium Ofe have been 
sillpped from 8adl of thrue other sources In Ari7CfliJ" -1 lie Creta 
ceous TOfeva I-ormation on the eaSlem oxtent of Black Mesa, the 
PrecClmhnan nrippino SprinQ Quwl71te of the Sierra AndliJ of Gila 
County, and scattured sllipments from 11 dlffererlt sources in the 
Basin and Range portion el the state_ The Torevil r-ormation and 
LJrippin(J SprinQ Quartzite ores are boitl Interprete~d Il.'; 

stmtll.lJolrnd deposits (Cher1ClWet'l and Malan, 1973; Wi!iiarm;, 
19~7) 111C two laroes! s()utho(ll Oas;n and RanQe sources (bot~ 'n 
the 1950s) I1iJV() l)(-)C:ltilU Anderc;on rTlifl(-~ of Yavapai COllnty (con-­
sIStine:] of Miocene carbon3ceou,; Wid siliceous ~,edilTlents) ,md 
tho Duraniw;~ mlrlC) of Simta C'U7 County (i-l snear ZOlle in 
Cretace(lIIs quartLlte,,). 

RECENT TRENDS IN URANIUM INDUSTRY 

Thf~ 1970s ili-IS been Il. clecadc of irH:reased exploration 
am1 minlrl\] of uran,ull"l on a natIOrF:l.: scale [Juring this ierl-yell.f 
pe.'ioel dvcraQe production fle:]ures (DOL opell flie rcport 100{RO)) 
for NfNI Mexico were b,?()U 'ons CJf lhO" conccntrate per y~H-'J(, 

Ll.400 tons per jP-FH fur INymillflil. and 1.300 lOns per year for all 
ott:p.r sidtes cornbi'led (COlorado. Uldl, Vv;-;s;lIr:gton and -Icxds) 
V ~)w()d :'1 ce)(i1pi-lrIS;l,1 IN Ih Ih(~sc IIQures. :he :o~!-ll CllfilU/il!:V() 

/\rlzona Ilr,J:1lum OdtPL,t to date IS 9.~641011S of lhOs. or /.1:];-'% 0' 
tr,e lJ S (:-.Hnulati'/e 'ota· oroduct·()fl lor 3?t..9CJO tons of \hOa as 0; 
J,-lhHr), I. 191:3U Na~.o'lally', 19f9 drlillnq fco'i;-;je for l,ri-H:IIJI;; was 
cllstnbuted DP-()~F;-,pl·'<>I!I)' f\S fO!IO'i\"s. ::l~l';.(' ,n VVYOlrllllLJ en'il:1S. 
:3:3% ell tllC Colm8rio i-J

'
3teall. )0% ;rl ·,'ies· (",If Coast P,i-J:fl',. 

abo,1" 2 :")% 1(0 :hp. Hds.n :-nullal!',]e! PrO\I··'cP il'lCi abo,J! 10% Irl 'III 
:It'lp.r drl~as 
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Mining and drilling In 1958 at the Anderson mine of Yavapai County. Re­
newed drlllln9 In the 1970s outlined a large low·grade uranium orebody 
nearby which now awaits favorable economic conditions for further de­
velopment. Plloto by W. Chenoweth, Oept. of Energy. 

RECENT ACTIVITY IN ARIZONA 

Allholl~Jh l\ri7Urlil has only produced modemte arnounts of 
IIfilfillHIi irl the past, cOflsiderahie eXplOfi-ltiOfI eflorts hav8 neen 
expended In the state during tho lasl decade. particulclriy In refer 
ence to breccia pipe and Cenomic ,;edimentary taruets. Hecerlt 
trerlds of exploration drillinQ irl Arizolla me illlJstrated in Tab:e 2. 
Land held for exploration and cj(JV(;loprnent by companies and 
individUf-lls in Ari7()rlil was at an ail-time hlQh at ab(l\Jt 1.7 rnilli(lfl 
aCfes, as of January 1, 1980. up 30% over the Janudry 1979 hold­
Ings. Drilling In the first Imlf of 10RO wac; dowrl ilbo:Jt 50% frorn the 
same time In m79, probab,y reiatc;d at Icast in pwt 10 nuclear 
rPdctor cancellations follow;flq the TI1Iee Mile Isli-Hlel InCident Thu 
drilling peak III 1976 was centered flfOIHld ferlewcd Interest !II lhe 
Miocene sedirrlpnts of thu LJate Crook baSin ot Yavapai and Yuma 
Counties. DUring tillS surQe. Minerais r~XplOfahlfi and Uraflqeshel­
sllaft drilled out low-gff-lde me fPserves irl eXCelSS of 30 rn-Illun 
pounds of U"Oa in the ~ihall()w ~il;nS,Hfi-lc() n()ij( the Old Anderson 
mirle(FielcfnollJs, v. 9. Il 3. p. 15). Announcements irl ID77 oi rlew 
rIllnlnU ilnd r-:liliing plans v.ere temporarily ca(lcp.led In mid 1CJElO 
because of financial conslderatlons_ Ilow()ver consldembl() Inter 
est femi-llrlS Irl nl(~ LJate Creek baSin 3(ea anci rTidny other 
C~)rl()/_()ic ~()(jime:lt3(y (Jeposits (sce OttO!l. ISJf f: ScarbO!OII[J11 
and WI it. 1979) 

TABLE 2 

i::X!'LOHI\TION LJRIIIINC; 1<)11 UHANIUM IN Alii LUNA. IHiO 1980 

1970 
i 9 .' ~ 

1 q72 
1973 
~ q74 
i gn 
'Hili 
Ign 
18/t! 
1J7') 
18,'0· 

N, rcbwolllo.es C )uldgG , , 3.~OO 

" ?20() 
31 G.ono 
so )1700 
I~l G? DO;] 
16:, 17E.~0() , ~CG ~!.4.IDO 

in;; SOD !,UO 

1.372 bd!i :,0;] 
RU ~7R.~0~ 

Yf> f.~ JOO 

30Ll'CH ·,'i C!'p.r·::wp.·h. ~()=. L;·1~r.. ".j( I,:)' 

VOlume 1 D. No.4 11(>lon010-, Pnqc 5 

Exploration drillinu irl C()I10LOIC sediments has al,io boen pur­
formud In s(-)vural other areas. Portions of otller SOUtllC(Il Arizona 
valleys have been driiled to test for nate Creek basin analoqs, 
(Jefleraily with discoun-l[Jinu results Somp- low-urade reSOllfces 
have beef] I()cated In Mlocc;ne-d-;ju bodded dolomit()s III tilu Nuw 
Hlvcr arca of Maricopa County . 

Considerable expiori-ltiorl is ufl(ierway Ofl the Colorado Plateau 
for buried breccia pipos Similar to tim Orphanlodn. Although many 
pipes E)XISt in the Grand Canyon-Anwna strip country, it is likely 
tllat many are buried under surficial cover rocks. and require ad­
vanced geophysical techniqlles tor tClrqet discovery Enorgy I Liels 
Nuclear, Inc- of Denvur has recently Wlrl()IJf1Ced ,hn discovery of a 
prevlousiy unknown ore -beann-;j pipe! along Ilack CanyOf), nortll of 
the Grand Canyon, which could Yield 500.000 tOflS of ore. and 
perhaps Ilalf the U3(Jn content of the Orphan lode 

Drillin(J has continued In tho SIH(d Ancha region to flHllmr te,;t 
tim DnpplnU Spnnq Quartzite. New potential ore dCJposlts are 
being expiored in the Workman Creek area i,l tim central pari of 
the district, afl(J around tile old Red 811111 mlnu 111 tile south em part 
Df the disincl The; old Lucky Ooy mine In the southern Pillal Moull­
tains produced some uranium in the 1950,; lrom Hie Orippirlg 
Spring Quari7ite_ Ttl(; mine lias hp.erl rp.opened and several ship­
merlis ()f brine concentrate I,ave been made since 19"17 

ShlprrWrlh 01 yellow cake (uranium oxide) were initialed In Apnl 
1980 by Anamax from their TWin !Juttes open pit copp(-)( mille In tile 
Pirna MinlrlQ district of the Sierrita MOIH]!alrIS T iwy antiCipate 
snippinq appr()xir1lalEJly 120.000 pmmds ui concentrate. extracted 
trom a ,;cCCJndary leach cirCUit. In the first year This is an amoul,t 
ec;uivalent to the total production thils far ohtalrlp.d from the entire 
Serra AnetH dlslrlCi Phelps D{)(j[Ju Corp0riltiol1 anticipates some 
luadl SoiUilun recovery from tllC'lf coprer mines a, Rishee anel 
MOfCrlCi. 

Somp. drilllfl-;j ha~i been done to tu~t for targms In f-'recamllfli-Hl 
[Jril!lllEJS In tile HedlnQton Pass area of the flir;co(l MOIHltaln,i, In 
tI-,e northern Whetstorle MelllrltaiflS, and In <JlJrc]~iSIC; [jlanlte ill the 
southern Si-llltd Rita rVI()Untdl(IS Tllcsu occurrences are iISUd!;y 
assoClatcd Wlttl sllear zones or Iwdrotherrnally altp.rBd areas_ 

The fJepartmer;, of Efl()r[JY. through It:-; :;ubcontractors, hile; ()X­

puride-)(j C(Jr1~ilderable exploration (,me in Ari70na dllrl!lg tl1e past 
decade. DOt'·s Natl()rl!-JI l)ri-Hli,:m RP.SOUfCP~-; [valuation OrO(]ri]fti 
(NUfll:) is adrrllnistmco by OUfl(j,x FlclclllllJlnecrlnq C:orpuutlor,. 
which IS rlOW preparing 10110S 01 Investiqation for part~ of Arizona 
,Hd New Mexico_ includi'lq the KirlQrnafl. rre~:ic()tt Marcie Cali­
yon Williams, Shi;:)(()ck ni-IIIIJp. Flaw;taff SI. Johns. Me;:f], arld 
Grand Ci-mY0rl I" x 2" (NTMS) quadrangles Irl addition, NUm­
flddw()fk urllile Noqa!es, nOIJQI'~s. Clifton ami ~3!!ver City quads :s 
nea(lnD CO:T;Qiei'cHi a!i of OCCE-lu·her ISJRO 111(~ NUnF fol,eh Ir> 
cilJ(ie i!lp. cval;wtlor: cf all IT,ajOI geo>oq;c ellvirorv':erlts In tile 
quadrangles for uranium po;erll!ai and orovlcJc mary de 
tai'ed petroDraphic ch~rnlcai ,Hid -;jiJrllrlld ray spectIOfnp.!fIC 
mldlyses of majOr rock lll"llts of tile quadrangles. 

A vd.'lety Cl' Otilci projects in Allzona has been flHlded by UOL 
;Jeep driliing in :'Ie Ddt~) Crcck [laSln reQlor,: detailed ·~IY­

elrugeocflp.fTlicill sarnpililLJ arounci Altl!lerv Peak, Mo11iJVC Coullt)"' 
ilncJ alC Cerbat Mountains. ::md delf-liled sludle)s of certain 
geolo~Jic enVlrCHHrlerrS, SLid; a,; older p'(!ci-;;nbrlan conql()mer­
i-lte~ i-,rid m~~ldrn()(prll(; core cc;m[)lexcci. II-,e IWd'()(Jco(;[lem cai 
work (HSSH p.'oqram of l3end·x) wr'; appeaf Irl ,iUm:nary !em!1 
'.'i'l·111", the NURF fo!i()~; T:le de!ailed stu(!'es (,·V·;orlo Cii-!ss· pru­
Dra n " of Re.'ldlx) \'it be Iss,w·:j as Ir'dl'/Idlld open kp- rfH)(Yts l,POIl 
cmrlf:Ip.'lcn Uuestions 'eDa'dIl'U tI~e avail~-ltl!llty ()f an·), of Plese 
rCp()'t~i rm,·), ue ddmp.s~-;p.d to tile l~erdix i Ibilry. r-'.O Rox 1~6D 
Gland Junctlo:!. CO 81501 

T 'II~-; r("f ·yl I,; a SL; .,w':_H/ :/ '-I 'Je;Jdnner" 0' "'Ie' :Jy·-'I.r'·decl corn pi 
1211(;11 uf II anil1lr1 OC·::U'l~rl:.e~,i dr'd f:(:J:JI.c(~::' Ir' !\r.icna Ie ·i,-;j,-: 

:l(ern'<)d ny R:)I)eT ~l SC1rl)0"~uCJI ::we PL;!!)I l ,<'p.~>iI' 
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LOCAL EVENTS 

Tucson Gem and Mineral Sholl,': Tucson Gem and Mineral 
Society, Tucsor:. A7, ictJruary 13 15,1981 

Geosc,ence DaLe 9th Annual SiudeJrli PW'iClfltiJtluns_ Depart­
ment of Geosciences, lHlIV(;(Slly 01 i\riLona, lucsol1, A7 
(Contact· Mlko Williams), r'liarch,; 5,1981 

SymposilJfTl on tectOflie;~ iJnd om dCpOSlt~i· Arizona Geological 
Society and University of ArIzona, -Iucson, A7, Mf-HCh 
19 20.1981 

NATIONAL/REGIONAL EVENTS 

Geological Society of America--Arliluai Mp.etlfl[J!i 
Cordilleran Section. Hermosillo. MX. Marcil 23 29,1981 
Rncky MOIJflti-llrl Section, Hapld ety, sn, April 16 17, 
1 DEl 1 

Cerro Prieto Geotnermal Field ()f Baja Caiilonlla, Mexlco-Sympo­
siurn: Univ. of California, Earth Sciences Div., Berkeley. CA. 
Milrch?4-2f,19R1 

American Association of Petroleum Geologists and Society of 
Economic Paleontologists and Mineralogists: 

Rocky MOIJrlti-;irl S(){;[ron. Albuquerque. NIv1, Arm' 12 15. 
1981. 
Annual Meetinq Si-Hl FfiHlCLSCO_ CA May 31 Jurle :-!. 
1981 

AdvaflC:es Lf! Gp.otecfmlcal Earthquake F!lQineerino d'ICj Soil 
DynamiCs Meecine:] University of Missouri, 1~0'18, MO 
Apri!?O-May?19BI 

(,colo[)y of Indu~itflill Minerals --r:orum. New Mexico Bureau of 
Mines,A!cuquerqlle. NM, May 1:-!-lb IDRI 

GRADUATE RESEARCH ASSISTANT 
The recipient of the Research ASSistantship awarded by 

the Bureau of Geology and Mineral Technology for 1980-81 is 
Steven Lingrey, a PhD candidate in the Geosciences Depart­
ment at the University of Arizona. Mr. Lingrey will be mapping 
and interpreting the structural geology of the northeastern 
Rincon Mountains in Pima and Cochise Counties, Arizona. 

Mr. Lingrey received a MS degree in geology at the 
University of Southern California and has been a student at 
the University of Arizona since August 1977. His major advisor 
is Or. George Davis. 
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DESERT RUNOFF 
by Susan M. DuBois and Brian R. Parks 

lach year Arizonans expcrlenco oxtenslve losses due to dosert 
runoff. Since 186? runoff processes have resulted in at le(-]st 19-1 
deaths (rocorded) and mOf8 than $475 million In property and 
agricultural losses_ Fifty·elght purcont of tillS estimated cumulative 
monetary loss has occurred during the past ten years, 43 percent 
since t975. 

The curves in j--iQure I !,how a clear trund toward increaSing 
losses With succeeding high-flow ovunt~; throughout the historical 
funoH record, c~;p8cii-llly in recent years. Moreoever. surqes in 
losses appear to coincide with surges in urban population gro""tll 
Possible factors relatirrQ these two curves will be discussed later. 
FiWlre 2 Illustrates ttlilt rUrioff related damaqe has occlJffP.d fre 
quunlly In all populated mOiom; of the state 

Flooding is th(-J most common t()fm applied in discussions of 
hydroloqic risk Oftml, the word is used synonomollsly with runoff 
or erosion. However, ;ucimicCllly defined, floodirlg describes a 
condition of overbank flow, a spreading of wator onto a floodplaill', 
H.WH.y from H. rlJlloff chClllnel In ArlLona, as elsewhere. mucll so 
called flood damage actualiy lakes place rilmng non-flood ,;1808 
runoff periods, wherl flOWing water IS confined by wei! defined but 
freqlJ8nliy ~,hlftlng banks_ Several examples follow' 

I)! lasl, "flooding" occurs wli8n watH suddenly flows in a wasil 
that was Pr8ViOIISiy dry (Figure 3A). Potentia! Victims im;llJ(je hik 
urs, Ciimpers or rnotorists who either do riot Ilt-)ud threatening 
wcatiler ~;;gnals or who Ul{)ose to cross a rustling and powerful 
stream. Uniorturli-itely. many (l()oplu fail to view dry washes as 
active waler condults_ 

2) A continuous natural process of a flowing ~;trearn is bankcut, 
(inf:], or lateral erosion. ThiS activity ;s concentrated alon[.) the out 
side hcJllk of a i1luarlder, where water is rIlovirlg most mpld:y 
around tile bend. Und()fc>Jttlrl[.) of soft bd:lk matenal leads ,() 
cave- ins and dmllrlel migration (FI[Jums 313 and 3C). Durin[.) hiQh 

'Floodplain' Heiatively flat area or lowkmd adlOI!lIrlO the cliannel 
cf a ,meam or watercoursp. fHld %bjm:1 ,0 overflow by flood, 
waters." Army Corps of lnglrl[)(-~rs Flood Plain Information Study 
for Maricopa County, Ari7orra, Vol IV WickplltllJfg Heport, 8pp. 2, 
at 2 (1965) 
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Figure lA. Cumulative damage from high runolf over five'year intervals. 
Note that increased losses coincide with increased urban population. 
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Figure 1 B, Frequency 01 damaging runoff events. The average (7.26 per 
five,year Interval) lor the entire historical record has been consistenUy 
(!xc(!eded sine(! 1925 

"" 

I.Ajo 
2. Armado· Tubac 
3. Apache 
4. BiSbee 
5. Benson 
6. Bridg(!port 
7. Buckeye 
8. Bullhead City 
9, Camp Little 

10. Camp V(!rd(! 
11. Casa Grande 
12. Chandler-Gilberl 
13. Clifton 
14. Colorado City 
15. Continental 
16. Cottonwood 
17. Douglas 
18. Dragoon 
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19. Duncan 
20. Ehrenburg 
21 Eloy 
22. Flagstaff 
23. Florence 
24. Ft, McDowell 
25. Gila Bend 
26. Globe·Miaml 
27. Goodyear 
28. Grand Canyon 
29. Holbrook 
30. Kevin & Vicinity 
31. Lake Havasu City 
32. Littlelield 
33. Mammoth 
34_ Marana 
35. Maricopa 
36. Nogales 
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37. Parker 
38. Payson 
39. Phoenix & Vicinity 
40. PiMtop 
41. Prescott 
42. Sallord & Vicinity 
43. Sells 
44. Sierra Vista 
45. St. Johns 
4S.Topock 
47. Tucson 
48. Welton 
49. Wickenburg 
50. WillCOX 
51. Williams 
52. Winslow 
53. Woodrull 
54. Yum~ 

Figure 2. Damaging runoll events r(!ported at poplilation centers In Arizona, 
1362-1980. 
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Figure 3A. Flash 'Ilooding' in canyon near Bisbee, 1897. Photo courtesy of Bisbee CounCil on the Arts and Humanities, Shatuck Memorial Archival 
Library, Douglas COII(!ction, Blsb(!e. 

~;tmilrn flow, Iiurnm; or otimr strllcillfes built rlear HlP eroding side 
of a meander are repeatedly threateneci With tire collapse and loss 
()f fcurl(Ji-ltion rn,]terlal anci/or s'Jppmlirl[.) grourld MarlY uxamples 
of p()orly sitod 1-'ow;lng eXI~;t In Arl/ollil where ndilJldl stream em 
sion processes were eitller not understood or. possibly. flOt 
dcknowledQed durin{J piarlninQ and construction PortiO,ls of somu 
of tllRsf-J devuiopmcnts have ,-tircddy UXpuriurlc()d damage and 
property )oss. l1esults of one study (SleLak. 19130) alon[1 the Rilli10 
River ir; TllcsorllmJicate ,hal dldlmels carl migrale locally as mucil 
as BIB nH-Jturs (2.684 leet) 110rlLOiltilliy dlJfln[J sinUle high flow 
events (e.g., Winter storms of 1965 al'd lJecember 1978) losses 
due to lateral erosi[)11 may 'rlciude houses. trailers, milds, water 
wel!s. sewer lirms. and llndU()s Sle7i-lk CO!lcliJded ilim tJank era 
~,Ion Illslorically liilS been a more SHIOliS pmtJ!ul[' along tile f-lillito 
than has overbank floodinp_ 

:3) i)owncuttiliD or charmer scour Ilas caused mUC!l darniJ't]c to 
(oadc;. brldO(J piur~; plpellllC)~; ,lnd otimr SlfllctlJrflS located witilir; 
CI'anrlDI bed~; flny obstruction, whether m,ln-made or ti,e river's 
own rlebris deposlis. wlpudus Ihe free flow of water mid i!llt:a,es 
scour and f>ll processes (I iguro 4)_ in ad (tit lOri, siltlJ!alCd portions 
oi the cilan!lci sand itself may flow during peak runoff perl()(j~;_ Tim 

~. 
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Figure 3B. Channel migration around newly constructed bridge over Palo 
Alto Road, southern Pima County, 1934. Photo courtesy ot University of 
Arizona Library, Special Coll(!ctions, Tucson. 

thickness of dwnrlel matHiai W)lldl actually Ilows may tJe c;everat 
times the depth of water in ti,c channel. -I hus, during pe8k flow, 
tmd{jes with relatively silallow footill(Js may lack support (Fi{Jure 
3D). DamilOP 10 brid[Jp fOlJndallo!ls may not tm apparent after a 
storm because dl,lflnei rnCl(onal~; arc no longer In notion. and 
depth of reccnt scour throughout the channel is not exposed 

Rlsk~; associated with true flooliina IrlcllJdo darl1ilO(-J f rorn stand, 
inQ or slowly movirlO wa,E-Jr outSide of ciwnl1els (l"loure 3L). Hottlng 
of crops, ruined furniture and floors and unwanted silt deposils are 
nxamples of flood effects. Sheetflow I e __ rHlrl-crlHrlfleii7ed wal(-Jr 
or mud flOWing rapld!y across the land surface, can prc~sent great 
soil erosion problem~; and baSIC water damage to homes or other 
propp.rties 

Relief efforls, control rneasures and otlier p()licles ds,;ocii-Jtmj 
willi hydroloQic risk mitigation l1ave been the resoonslbility ot 
many levels of government, dc; wei I aslhe private ,;eclor (Table I) 
However, complex economic, political and social I~";UCS have 

Figure 3C. Bank erosion left the Southern Pacific Railroad track dangling al 
Tucson, lale lBOOs. Photo courtesy 01 UniverSity 01 Arizona Library, Special 
Collections. Tucson. 
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Figure 3D. 1·17 bridge collapse on Agua Fria River, December 1978. Si~ 
deattls resulted from ttlis event. Photo courtesy of Joe Gonzales, Soli Con­
servation Service, Prescott. 

Figure 3E, Flood waters on Santa Cruz River floodplain, Oetober 1977. Photo 
courtesy of Vance Haynes. 

TABLE 1 
FEDERAL 

Army Corps 01 Engineers 
(Federal) Emergency Management 

Administration 
Forest Service 
Geological Survey 
Housing and Urban Development 
National Guard 
ParkService 
President 
Soil Conservation Service 
Water and Power Resources 

Service 
Weather Service 

STATE 

(Of lice of) Economic PI~nning 
and Development 

(Div. of) Emorgency Servicos 
Governor 
(Uep\. 01) Health Services 

Highway Patrol 
Legislature 
(Dept. of) Transportation 
(Dept. 01) Water Resources 

LOCAL 

City and County Engineers 
Council of Governments 
Fire Departments 
Hospitals 
Planning and Zoning Commissions 
Police 
Sherifls 
Town Councils 

PRIVATE OR VOLUNTEER 

Citizens 
Consultants 
Contractors 
Developers 
Red Cross 

Table I, Agencies or GIOUpS Involved In Waler Management and Rellel Efforts, 
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FiglJre 4. Diagram of scour and fill processes around an obstruction. 

tended to inhibit allY onu ClgerlCY or ilUOIO(l\y from eiOwr rnak',nU i-J 

comprehensive judgem~nt or providing a t~lorouUh solution to H10 
problem Elimination of hydrologic darnaqe is posslblo, but the 
necessary menSLJ(()S might rlol be accfJptahle to all inlereo;led 
parties, For example, cortain groups mlqht seek to avoid guv­
ernmental restrictions on tilO location of I,omos or other structuros 
nCLlr drainage chaflnels In addlllOll, taxpayers may not wish to 
tlear tho cosl 01 a larUB dam built to proleci property locatfJd irl Hm 
prodiclable patn at potentlLlI flHlofL Conflicts 01 Illlorost are often 
a real is(;uu III ueologic hazard(; Illitiuation 

Runoff control can generally bc CalfJUori7ed as corrective (ac­
tive) or preventive (pa(;Slve), Correctlvc mcasurm; inciude dam:;, 
levce~;, charmel straightening, slorrn sewem nncJ concrete rein 
fu[cement 01 banks-all designed to c(Hlll-l'n and ccntrol potential 
flood wdiers and mlnimlLC damaglnQ eilecis 01 ())()Slon PruV()llllVP 
rneasuws, such as building codes and zoning ordlnLlnces, aro 
plarmed to rcgLJlalC devuioprnen: Wlthifl Iloodplains amJ to ao;sure 
mGlrilerl1-H1Ce of a C~l3.n ncl :;ulilcient in SILe :0 CiHry pO!(JIllial !ullol~ 
An cxcorpl from an I-lftiCie on Ari70rla ''I!ood'' conlrol (Hooney, 
1973) summnr!!()(; lhu rlEJed for prevcnliv(" rneasures coordinated 
wllh corrective prOJccts 

"Flood contlol projects dm usually expensIVc, ilnd the pro 
/ccliof) they afford is limited /JY /fie projer~t"s design chHrac­
ter/sUcs, Very {PlY, if any, works am cons/wc;l(-,!(j /0 wi/lis/anc} 
the milXlmum posslblo {Iood, and It IS {iarlUorous /0 assume 
/fial an area will ever be completely protecteo', Altfiouqh A 

flo()(j control project may rcdu(;e or eliminate the possiiJillty 
of dilmago from minor flooo's, It may also encourage a(itJl­
tional f/oodplam dcvdopment, I fius. growing commullities 
may unwillingly discover t!lill they are continually expanriillg 
into unprotected areas To some extent, then, tlio corredlVl: 
project itself stimulat8s growth beyond Its area of protection 
and helps crUi-lto the setting fm new damage unless acicfi­
tiona/ corrective mcaslJres are undortilken 

While correctflle measures are extlerndy costly ane! al 
most always require federal ,'mi-lncmg. preventive measures 
require very lilt/(] capital (Jutlay. f3ccaUSlJ preventive mUllla­
lions are matters solely of state and local conccrn, they may 
bo Implmnenleri mlJr:h marc quickly and easily than projects 
requiring fcdclal pill/ielpation, Most Importantly, pruvontNc 
measures restrir;! rather thall stimulate o'e'loiopment In un­
prolnelfYi I/oc)(jpiilin areas," 

/1',OtIiCi pOlCfllidi prul);(HTI i'!Volves CO(l'IICt'llg rcu!tipie :JSfJ~ 'rJr 
corrective prOJects, "uch as diJll1S ~or In(;li,(lCe, ;;o()d conlloi Llild 
''lVnlcr :-:lID[J'y objectives carmct both be mel Wlliloul qroat corn 
prO!nI(;e, Smply illllslriileci, an eillply 'fJsHvcir cnll best C-1CCOrTl­

"Ioua;c flcod \"'illcr:-;, a lu;1 rfJ,;fJrvo_,c Cd'l l~pst proVI(]P IrrliJiJilor! 
,-,Ild otile: watel IlCedS IIOIW;dlly, tnesc l'NlJ purrmo:(:s iJrl~ uilci-' 
ded toqC!i ll:, ,I~ will~~r r;I:-1'I.S:C 1L.~;ll'Y' c(n:" of 13"QG ,:Jro,ees 

II appe2,r2, tr,a,_ wlcesr;!',ad end "lCqU;;]\ (UITId(j',; 'rorn ~"j 

(j'clo(j'c ('V()'ll:-; '1 l\r'7(;'I<I IS .'lc:eas'1q LJllal~Llleo (1lqllres 1 
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nne 2) The corresponding surgc 01 urtJ;-m growt~1 (six-Iold) ;-JIld 
increLl~;ud properly loso;es s;nce 1940 (figure lAl CLln be Llttri­
buted to (he Incr(~ilSC In building ami occupancy cf lands hiQhly 
susceptible to lunoll ilLlDlrds, f-urther duvfJluprnen( of such CJ.reas 
appfJi-lr" inevitable as long as floodplains cmd, allen, chnnncllJ()ds 
"rd banks, rmm-lirl irlfJxrwr'sivp, url;estncted areas in w~,ich to 
bUild, 

The I,omcmvner can lise a few common sellse iI1caSL;{C,-; tor pro­
IfJCt!(Hl from risky property investlnents, 
1 Visil iilfJ rlfJareSI lJses Dr i()(;ai geoloQical survey olil(;fJ ;-md 
discuss lhu lupography 01 your sllu W~mrp arE) HI(" rl(~ilrc~;1 cJraln­
Wle condUits? How susceptible IS IIle slle lu iloodlng, bLlllk ero­
SI(;I"I_ fJlc? 

2, Onl;lIrl ,lI"' dil p~'ot() Of l~IC liHid sIIfC()ur:dir;p your .';I'fJ from the 
cily r!annl:lg offlcc or So,; CO!lserVall())1 SfJrvlcfJ A :-;eqlJ(~ncu of 
photos taken over a 30- 50 year PCllOcJ 'NolllcJ lic preferable_ 
Chuck flSpfJClillly lur slrcJdrn miqmliclrl pattems which may I-d 
',mrsc!y altccl ycur prope,1y, 

:J lalk to nCIQhoors about water dGiI1G~W hlslury In your nClqhbor­
huod Have t"he streets anel I,ouscs flood cd? Llo ponels collect In 
1~l(J yards for :Jdys ilfl(~r d rainstorln? Visit the site (iUrlrlq or ,m 
IHxllnluly iJlter ,alnslorm~ tc !-;(;u If amJ wnere W'-llfJI c()llfJcI~ or 
erodes lI~e property, 

4 Take a walk,rlq tour 01 surrounding ILlncJ Are dmlnGgoways that 
I!-nd in (-Hid Ol!t 01 Cl rlRW sclDciivislon Lldoqualely connected 
Ihroug~; Hm prop()r!Y'l i liJVU rldllJrai dr'~iilaQe patterllS tlp.fJrl rTlod­
ifiea? Discovor It yOU! Silo InciuduJ a 1m mer chiJl1nei nnd was 
altered by ,ermcillg, bulldozinq or Innclsuiplng 
~ Check inO;IJri-lrlcfJ compiwies for \I,e iiood-prone status of 
your ~I[(J 

U If your IIlVcsL~lLltlons 10Lld yucJ ~J) SLJ!-;pp.cl illfJ ,;aIRiy 01 'lOIJr :-;;t(;, 
au.! you still wi,;h to builrl, Iwe a protosslonal consuitnnt (qooIO~JISt, 
ilydrol()[)lsl ur ()rl[)'Il(~()I) I() ~-;t'Jdy Y()llr specific s:te needs ami 10 
offor;cc~'lllcal Lldvlce, 
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NEW MAP 

A deplh-lo-()c(jruck :1:dP cilim haslns in the Ri-iSln iwd Riln~lc 
~'r()VIIICfJ of sDuihem l\nLuna ha~ rP.CfJrl(iy been cOI('plclud by 
JOLln M, Onnen~,eimor Llnd Dr Jo!m S SIJI!lrl("r HlfOlJy~l Ll gmnt 
['(Wi the USGS HlfJ [Jf':[)lh-lo-becirock value(; 'Nore modeled fr()l)', 
rfJsldlJClI TelVI'y (Jilli] lldsp.(1 (n ?O,ODO ~Jravi'Y s(atlon'3 IlsirlU all 
Itcwllvc, 2-LlIllCJdcl iii" Illudellrl(l program ClcCUlJrlls iur Vi"irlil­
tlons in lile dens It)' of basin 1111 i,rIC1 IhfJ ufJrlo:lly d "IiCW/'l sLlI, 
!)()(;ies Vv'el, rjata wme IJSP.() lc :efirle tne contou's s~,allowel thall 
2_000 [uE,l 

r.,1ucl' DI 11K' slucJy Llrea .(; ~JI'cxlH)rfJd_ Trll~ ITli')l lJrCNiClo(; Ll 
Illeans fcr Ifl tial ds:-:pss'nelil of grou',J',',dtU 'T''flt:ln; <}r,d other 
rfJ'-;OI,rC2S III :-:UI,HI(~r"l Arl70rH T~~o 15 pioltod Ci'J3C1:F..rlr)lfJS 111-
(:11,.j2' <11;g'rldn, \'\'I,IILlllb Np'p(:le'3, rrosc\~,tI, ::Jal,on SfJd, PI:()E):llx, 
L, C(~:llru I\:C I_u":e'/illo, hUl]illes TI.c.'~~l'l :V()~-:a Cllllol' SII'18,' 
ely Llnci U':Jl,qla'3 

1",0 rna:) I,: iJV;-il:d;)lc ii' H:fJ sa:'"e (;cLlle LlS Ine GSO:O]IC M\',,~) u: 
fI'170r';-j 11 ~~(J[),O()O;, ill S2:, DO fJdeil RI:-lc.(li.'lP" &e ;-j\/~] !ahle u:_ 
1 2:-:,~),OJG dl SG,GO '0' eacll 0; t~~e 15 :.jl:UJ"-'I·U('S ~,(; maps aro 
pJL:iI;;'l 'ci I~'i all:] dV;-li C-j() P. frcrn ,:,s ! al~ ul Geu;)~ 'Y'iICS cJe,:J, ot 
Get;~,c;IlT~;CS, U': "/f':'Sli~i c' .'\- 7cr'C-) T ICSC'" 1\/ 155721 
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New Earth Science Exhibit 
by Peter Kresan 

The I\rlLOlla-SOrl()riJ Lleserl Museum, Inlerlliliionully knuwll lor 
It:i fine rlatlirai hislory exhiblt(;, IS Iinis~1lnq f-'ha(;e II ot tile Lentil 
SClenc(",'; Center With unique and excitinQ eX~liblts, summarizing 
the Qeoiogy and IlifJ hislory of ()IJr [cglm1 

Tile unlque!luss ;-md dyrliHllic illslury OII~'() SU!loriHi D()sprl am 
the fnCll1l nlelTieS for Irle rlPw fJxilll!II~_ lis Basin and Ihrlpe larid 
scapo I:; LJldllkp-led wilh IJ(IIJSudl and surnel:mfJ,; l)i7CJrre pll-lflto;, 
Inhi1hited by Incr()dllJl\~ (jcson creLlture" Llnd ondow()(J Wllh (icli 
1ll11l('!ri11 reo;ource(;, 11,0 landscape IS geologlcLlI~V now (WI(~1111 tile; 
last is miUlun YCdrs) drlcJ v()ry dynamiC lJ(J; ClI:io C(Hllcllr1S fevidfJ!lcfJ 
for very d,fferenl alld lasCinaling pasl envrrollmcllb (from shaliow 
SfJCI~!O violent VlllcLllw;m) 

The dyniJl),'cs of ,he earth's surface wi,'1 be IIlu(;trated by tne 
Orb n sp~lpric;-]1 movie screerl preo;enta(ior:, WhlCl, IN'II (;~lOW the 
cOlltinenU; driil'11U dcms,; lh(" (-ldrll! IfHOIJUh (_wc!npical time Tl,e 
orl) wi Ii be s,Jr)mmdud IlY all oval ()xi1IIJII wall, dfJplCllrl(J ihe 
gfJo!opic evolullon DI uw rc;~llon, anrJ rcpms(lI11lflg d SW()OP 
lhroiJqh earth ~ldory, SpcClrnen(; 01 fCJck~;, rPlrlcrdic-;, ius~-;lls "lld 
livirlU plants and an;q,nls ,,, ... ill focus Llj[ei11;ur~ Ui1 lil{; S()!l(l,'iH' 
q()olo(Jlc Clnd life story, I\s Ll backdrop;o tile (;noc:men~" Illla~le:; 
wili chG!dclwi7e the paleoenVironments in w~,ich t~le life oXlsted 
and rock~; and I1lirlfJrdls lormpd 

Mo:-;t 8xhibits wili I.J(~ open ----witi,out ~Jlass-- and mallY speci 
1llC'1l~; will ilp touchable There will ilP. rio walls arlJi\a(ly diviciinp 
geciuqlc nnrJ Ilf(" IlisloJY- Irl HilS miHlr1(:r lhe) h,slo,'lcd' (lfJ'1plorHTlfJrl! 
01 tile Sonman LlcCicll rCUlon may i")C vlcwed it:-; a cunlllllllJlll uf 
IntureiGtcd gcoloQic Clnd fife [JrOCf':S,SW, and events- it Will al'3o 
illuslrLlte (Jllr ;J(l,qlw r;()o;l];orl III IilfJ wllOle o;r;[lerT1e of tninQs Such 
;-HI open nlld Illlegfiliud dpproddl IS If I IhfJ lr;-,dillD:1 of II'('! 
!V1Ij~fJurTl\ excitd,Q nnG Illllovatlve oX~-llb'l tOC~lI1LqLle, 

1 he lorllliJ1I()ll of !lr'7o(la' s rich oOfphyry copper cJe,:Josits ,v,th,n 
lile !,enrt 01 voleiJfl()fJs IS or1fJ :)llIlfJ 'mpmldr1t storieo; woven ir~~o 
lho gpoloQi:::: history ex~,lblts, 1\ nC~l dlSpl3y 10 I\llLonLl Sonora 
mlnudls wi!1 l)p exhibited ,n a jewel [ike 1001T, 10cu(;lng 011 tr,e 
ti,olT1C; (it 'nln(~Id!s i-Hlel !ullJrI-lI reS(l',trCeS, and (l'1 !I'e reql()(l'" 
~llfJCI:-l! siqn:iicLlllcc ,-IS" (;orrll'icrclill mlrllrl[j CHllfJr, 2mpl1do;I/I{][j 
ccpr;cr Visll()r~ wi!! llpC()"le ,-l"N;'He of tl"',e special peolog,ca! cir 
Cl.TnstLlnce;; riliJl OCCeJm:(11Ilrol;gl' lilT,fJ, dr1d villid~ CIUN al,ow I,~ Ie 
ilWl~T '~'fJSf': Ijaluat)le IT,'neral cJeposlts 

YOu \vl!1 DC~ dulu 1(; blio"..- HIP fV(i(j:fJSS of Ille 1'l13se I: exi,ill'I~-; ,r' 
lnp F:-lrjli SC,OIlCC Ce"l(~' dUrII;\) YUH vl~-iL-; ,() HIP DesfJr< IVI\J~-;f)llm 

,:;c;w(UfJd cornpietloll ,,; 'cr lIie b:i 0' 198: I ~1C Arl/(;Ild-Sonor" 
[Jose" Ml,SCljlTl is !COk::lq f::Jrward :0 1:,0 da~i wi-,ei' I:IC qeclcqlc 
,-:iur), ',Nil! sst t10 (;ILlge 'cr Ll :)e,lel uIlCcrsldl',(llflrj of ,riC r iHUfa 
'l,slury ul OiJr Soncra', rJesert 

T'le c'1j)ltLli cQCTiJillqn co iur.(J f1hase 'I ,; (Jr) .scr18duie alHl or', 
u'JCi~W: (,II I!)K() (J:jll:-w;) \/,':11' t/"{, uf 'Oldl VCIH;I U)~-:I 'ec(' 'iCC 10 

chle, or $J1~,()()() ,4.(' IITIP~H:;J"lt (;(;I"l;~JI;C'" of 1~1i:, 'eJ!lU nU '" t,1C 
'Clr(jp':1 corp:J';J'(~ \.jr'J'li (~'iCI reco voc bV lI'C' 'J()'iC'T_ ML,seu,,-' " 
S7:-"CU() d':1,lc',qc' TLlI'1 Irr~m jj,e ;\r·,;1.:::::)'1c:" C::lppor Cn"l::ldr:y 
/\1''-1:111(; RI::II'ie!d 10Vld,:i,tlol' O"1Pr rr"-I,(H "llr;;)(Htpr~-: CltC 
I\Sf\I~C() II"~: d'l(~ D rnl COlrJoYdIC'I, ~cr'rl/() ~»rr::nl'y 

~'C'Il~1 <'C:id'i 'Cl (1f':()I():J'~-;' 'ill :) :-;(,"\'C: ,,-: if u;I-'~,.Jliid'- :CI slLltt :-1: 

:r',:, !)e,,(;;: r,/l.I:-(~I"TI "C ,: ~,(;; '"d'c:, ,.I()Clloc;'i ,1: -llC U WJd,'; 'y c' 



Pogo 10 Dpcerncer 1980 

Bureau Activities Summary: Fiscal Year 1979-1980 
by Larry D. Fellows 
An understanding of An/cma's Qeologlc framework ami mineral 

resources has nevor been needed more tllan now, ReqlIests for 
geolo~Jic informatiorl relative to Ilfban development. agrlclJlture, 
highways. millerai explofCltion, mining. n,creatlon, waste dl';rJosal 
Ilrld other uses are increaslng_ McHlY larld-use deCISions couid bo 
made mom efliciently if lhe surfaco ilnd <;IJ!JsIJfface distribution of 
earth materials ilnd conditions were known, 

Objectives of the Arrzona Bureau of GeoloQY and Mineral 
T8chnology are to inform the pUb!IC, flflCOUrijg8 the WIS(J use 01 
land and minerai resources, and provldo lochilical advicu ilnd 
assistance on the qeologrc settinQ, mineral n~solJr(;es al1(j 
gfloloUic factors thal affect I;}nd Ilse* In order to accomplish thiS, 
Buroau ~;cientists rnust continue to ieam about t~le Qeology ;-md 
mineral resources of the ,;taie by making inventories of a diversity 
of EJdrth rnalerillls, making studiflS of th8ir characterdics, and by 
collocting and evaluating data (rock cuttings and cores, pub:ls!ied 
and unpubldlOd maps i-Hld reports, etc,) 

I\ctIVltles of E3umau personnel directed toward rneeting tll0se 
respon,;lbillties dunng li18 fiscal year 1979 1980 are descrlbud 
Clnd surmllari7ed below 

Information and Assistance 

InforrrmliCHl is made available to the public by (1) pUbllShlllg 
geologiC, mlnoral resource and other mHps, i-lS well i-1S the results 
01 geologic studie~;, (2) keeping unpubldmd data on open liie, (3) 
answering written and telc:phone inqulrios, (4) aSSisting Visitors, 
and (5) preparlflO a quarterly newsletter, F'IC/dnates 

During tll0 year, publications Sf]lflc; totaled nearly $19.100, COITl­
pared Wltll $17,400 lor the precedinq year, More the-HI 2,t100 
persons viSited our office~;, Ilfld many lTlorfl telephoned or wrote 
lor assistance_ These requests incre,-Isod suhc;tantlally over the 
provlous year, 

Geologic Framework 

GeologiC rn,lV; and eros,; sections are used to show the goo­
logic se!llllg of Hm c;(61ie Thesu maps show flOt oilly ille distrrbu­
!iml oj reck and unconsolidated maienals, lJui aiso, dcpfJll(jing 
on SCi-lie, where fold:ng, tilting, fractunng or dlsplacemenl t)y 
faults 11;}VO occurred_ A cross sm;tiorl is an imerpretatloll of how a 
hypothotlca! SliCE, i!lrollgh the uarth would appear, nle ftHidamen­
tal importance 01 Hie Ihird dirnc)I!sioli-the structure iHid dyna­
rTlics of the earll'l het10ath our ieet IS dil too otterl 10rgottRr) until 
an occurrence like Mt. St Heiens remlnd~; ;JS th,lt this enrH: is 
l'Ot Inal1lmil;e 

I\~ ant!clpate(J BIJWilil prClccl IS iHi IJP-tc-da!e, mom detaiiecl 
ueoloQic lT1ap of 1118 state, Thc CLJrrorlt rflap printed In E-J6~. is 
bas()(j i(-Jr~Jely on leconnil'sssncc lT1appln[J Hut WilS done (jurlllQ 
or prior to trlfl 1950s Makl(l(~ a ne\'l, mom dUdllmj s~ate ma[) wii, 
he a major eflor: reqlJiring care'u! pliirming and maily' mDnths of 
'Nork n,c fils! ~;Il;p IS "I progw,:s ---coiiecljtll] all aVd,tiltlle gec­
ICOlc maps and prepar'nQ an ,:Idpx desiqpe(j to 'ndlcate II'ose 
pd't.s of tile statu Uldt [wee! adci,t 'Ullii! rTlCipp:np at!en\lon 

A :r:ap snow'ng u:l(;c;r]sclidalul.'Tldeeriill,; (cliliviurn, sarICj (11;nos 
Idt'(bJ:cJc deposils talllO:, etc,) :s tJ~l!ll[J [Jrp.pdrfld INltil flfliH'cial 
,-,ss,~-;t;-j(lce 'rmr, :nc lj,:;, C;flO,OU,UII SurVE)y (USeS) liw ~;cdle of 
rllC rndp ',',llll)e 1 ~ OOU,GOO ((J:le InCl CI~ lhc mal) ()ql,als 16 Inrlw; 
orl tllo ;jround) 

'V'./()(K 01-' tile sidte qrilviil,' '--'-'q) i" ij sca'e of (Fie wei: t~) Plq,'lt 
IT1H)~ ind d c(ntoll! ,ntC,'vdi d f,ve 111'11Iual:-; IS nCd'll:q con~plellorl 
;\ serlu~; ci ITlo'e dEdalled u'avlty lTaos arc a,lsc ocrnc) p'epareo ilt 
;, scal() ct I 2~O U()O (()f'o il'C'1 flql,a's fm .. ,Tl cs; ::u d " ~J)'ltol,r 

"fl.fl/or~; Revls().:! S"-ltl:tpS, TI:le 27 Chip i 

interval of two mliligais These maps are bell1[J ccmpleted as pmt 
of th8 Bureau's Qeothermal assessment prolect and 'n cooperation 
With tile Urlivursily of Ari70na Goosciences Department, wltli fUl1d­
IflQ from the U.S, Department of energy (DOE') 

Mineral and Energy Resources 

Amona has led the nal!orl in production of copper for flliJily 
years Approxirnately 65% of the copper produced in tho U,S_ 
cornes flOm An/oni-I mines, Copper ;}Iso aCCOIJrlts for more than 
80% of lhe total annuai mineral value produced III Ari7Dna In 
terms of metal production (copper, molybdonum, ,;llvCI, [Jold, Iflad, 
i_lrIC, elc,), AriLUIlil iflads tl1e narOIl_ In lerms of the value of all 
minerai e()mmodltlo~; produced (metals, i10n-mUlaIS or industnal 
mmerals, mli1eral fUDls), ,he statfl ranks aDout !uJlth Industriai 
min(,rals produced in An/Ofla include asbestos, CemUI1I, cii-lY,;, 
uypsurn, halite. lime, pumice, sand and Qre-Ivel, stone, feid~;par, 

fiuorspar, porlite and leOiites, Coal and crudo Oil are iuels pro 
duced in the state, 

CUirerll Bureau proJocts irlclude researcll on the re!all()II~llIps 
[Jelweon t~)f) occurrence of i1lutllis, thfl cr.erYIlstry cf i~,e Igneous 
rocks to w!w;h tll()Y rRillte. and plate lec[(Hlics, i e the dYi1amjc~; 
of eilrth structures, VariolJS compllil!icns me In prO[JfflSS' Arl Inven 
tory of kncNm mo!ytJdfllllJlIl occlmencos (fllndud by the USGS) 
~,as been compieted: d study of olher clements, diso flmdRd hy 
USGS, 11as Just begLHL cHid a research ploject on all kr:owrl IHfl­
n,um CCClmOII(;es is beln[J 'IrnplellWrFed with iunding from tlw 
DOE:., Onu BIJre<}u [jeolo~jlst 11ilS been a pmlic!p<-Hlt in a Un,vcrslty 
of Arizona GP.OSci~l!lces [leparliTIent prol()(;t, lundmj by DOF. to 
eVaIUi-l.(e 1110 POt()i1ilill for uranlUrT; in celtaln CIystilllllW rocks 
-T hu BIJrcau IS also ~;tudYlnu (he [)eo!ogy of Arizo!!;) s Irlciustrlfl! 
minerals, with rnost recont Rmpllasis on eVlloorrte clepo;;>(s 
(salt, QYP~;lJrYI) 

Active nllnerallfldmDloQY proJUcls Inclune tile recovwy of min 
prals IfUm mine dumps In Mohave County (funded by tflu LJ S 
Bureau of Minuc;), and a study of metal (flCOvery from supc, 
ililoy sClap_ 

A stHtewldu asso~;srnent oi potenti;}i [)POllicrrnil! reS(Jllfces, 
lundcd by the DOL, If;:n i!s foUrl~l year, 'ID date, 37 ilre&; hllve 
[Jeen Iderltified that arc lmllflved lu hllve geother'nal lJOl()!ltlill 

\1ore dp.tailed studies arc ilelng C\)(IdIJcte(l I!I seven areas In 
ddditlon, d GUlthe,fflal i-lcsolJrce M,-IP of Arl/()!Ii-l ", he;!1(:) pre 
Pi,,'fl(j at a scale ()I I ~(JO.DOO (olle InUI equals Cilgll! mllfls) Tf'e 
U,S. llppi-lrtrnerlt of Wiltm And POI','pr l1esources Service, formerly 
tll(-~ BIJreau 01 l1eclamatl(lfI Ilmdee! <III HSS(Jssrn8nl of the ~jOO 
!ll()riTldl pote!!tia: in the Pllem:rx-Casa (,ratl(lfl ar()a 

Impact of Geologic Factors 
Year Irl i-Hld j'Wl'-OUt. hj'drulo[Jlc activity (floodiri[! ()[c) IS trle 

1"O~t devastat!n[J llijilJral hazard .'(1 ;\rILona -I~-,e Piloellix rc;Ulutl, 
fer oXillnpie, ~!as expeller'cfld "lOCl-year floods" for ;hee succes­
sive yedr~ Howevflr, the polentwi for di-lfTE1~JI11U uilrthqlmkes 
cdpal)!u of rifl\;(:tlrl[) PilflS of I\lli()(1a m,-,y fkwe nucr ~mduesl 
Ilkl,ed Larid subs'dm'cE) diJe :0 t.'le pumn ng of grellrciwatc: 10: 
()ccmning Increasll~gly ci()'IOcW In pilfiS cf cp.ntral ar;d soull-I 
easeur' Ar'ZOI-'a, wace r levels hilve bC(~rl IvNm~)d hy "'cre tha:l 
2ClD :eet Sll1Ce t~:e l~bO,: heca'JsP of [Jru'J'ldl'mtc' wllhcfrdwd, 
I ~IIS ,0WC;rlll[J :las :)C(~.'I d(:~:{)lTlpar, cd iecallY' b'y' subs,e~er-ce of SIX 
~oi2feet. 

Identlf,cdiicm 0: areas ha',/II',J :)()lert'cd UHl'UlJIC 11i-l7:-lrd'; Dr Ilmi 
Iill Dr,s I~; ()d~-:ed ()rI kricW'E:dqe 0' tile qccluU e !'ilIlIC'NO':<;, II'cll,d-

1- U rcc" a:lj 1,l1ccr:'-:ol,(h~ed mdtc'dls IYC~,(~"! at "Il: :-:I,'filc() n:ld 

Volumc' 10, Nu <i ~leldrl0rC's 

in tile subSlirface, depth !() bedrock:, type 01 mdteflals present, to he feli irl Ari/oniJ)_ and a sta(ewlrJ() iJSS(-lSsmen( oi potential 
locatlo(l of faults and Imctures, groundwater conditions, topo- gcoloUlc hiudrds, iunded by USGS, 
graphic dU--lractpristics ar~d processes of crosiorl and doposltlon ! he llnal two maps of a 10-rnap se(es on appiifJ(j [JeoloQY in the 
-lillS requlrus fi(-lld observation. (icHl co!lectlcll, oeoloQlc mapping Md)owell Mountllifls i-lrf,i-l Irl suhurban r'h()fmix 'Ncre drilfi(-)(j il!ld 

analysis of dr:11 hoic record,; and otiler proccdurDs to (Jet the basic pUbidlfJrJ hy the Gureau I :cld wOlk ior ths project ',vas done by 
data orl which evaluatlolls, interpm1i-ltions, decIsions and Hppiicf-l- gcologlsts ilt Ar;:wna State University, 
tlons can t)() based II YUl; 'A,'OIlld like more detallcd Inlerrnation abollt Arl7ona's geo! 

Work in progress includes tho preparatioll of H CHtlllcg of earth ogy and mll10ral rescurces, Bureau projects 111 p(()(jfess, operd-
quakes of historic record and an epicenter map (ftJllded by the tICJrlS, maps and reports for sale Dr opefl file inform;}llon pk)ilSU 
Nuclear negulatory CommiSSion cll1d Hm USGS). il report of th~~ virlte or Cilll Retter yei, stop If! ilild ialk With our staff. and, while 
18B7 SCHlora (Mexico) emthquake (the strongest recolded quake you re here. have a look at our expanded and rerlOvated iacilitles, 

---------------------------------------------------------~ 

MMRRI Programs flY Orlo E. Childs 

The Arizona Mining and Mineral Resources Research Institute (MMRRI) Is 
directed by Orlo E, Childs as part of the organizational structum 01 Dean William 
H. Dresher. Dean Dresher is director of the Bureau of Geology and Mineral 
Technology and Dean of the College of M;nes. 

Nmv In It:; second year of existence In the CoI!Cl)() of MLnes ~-it 

the Univelslty of ;\rizorld. the 1'1~;iltlile II~-;.c; made proqrcs~; towarci 
Its pr!r1(;;pal objectl';e uf ';,WPOltllhJ ,illd erlhailclnq tile research 
,-wei ilcide::iic prC[JfcHTIS PCltiJlrWIU to ITrirmlq and minerai en 
qlnc(~III1U dm! ~-;Cletl(:() The ArlLDl1il MMRRi IS O!le oj 31 state 
In,;lllutes wrlere miner:--ll re~;()llrCU dCddelThC pro[]rmTis have qclal 
Ifled ·O[ h~deldl SIJpPO:t tllroligl, tll(~ ()fIIC~l of SIJffi-lcp. Mlllinq of the 
lJepartffl()t1t oi thc Ir'tcl:o; The d,rectols of Hm:i() ins!ltutes wiil hulri 
i!lelr second annual rnCcilll(J dl the Un;versltv of !\rizor>iJ In l)(;­
curnl)er of 1980_ 

The Mln(~ Hcci,;m"t:UJl Centel (rvlHC) IS <In Intc[J;al p~:lrt of :he 
MMl1nl In its first ypar MRC r8"earcl, was funcieci at ,1[)[J'()XI­
,'--'''It(cly $1 ~j(J.r)()(), and dunn[] I ~JRCl- I ~)1-l1 researcr' fundrnu ,Viii lil 
crease:o $2SQ,ODO, 

I,',e SephY,lore .~c:loiars w:11 ile a".'",;;ed by t:lCJlr secone 
MMHHI ;;c;r,o.arsilip:;, du,'lnq it", WElO--UElI cld~-;S yea' MMfll1i 
fel'()I.-\'shlp~; i)iSO '1d.o Sli~lporl e'pil~ pos: -;Jraduate ,;t;J(ielll:-; who 
"rfl ',·,orkin~.lln t:,e Uillver;-::ty ~)f ,4, c i7()(1a nepar:rnents of (I,,41IW:U and 
G(~OI()[!I(;di Frl(jilleeril'lp, Metal::lrUIC'll F:lui.'leerIIID i-lenC'l'>'aLlle 
Natura! Hc~,()uru;:;_ i.i1(j Cho'1,lcal LnlJ'n(~()nllU 

To i-1'(i tho 'lllr,eral "eSDljrCe rel'~led proqrarns of the LJllIV(;IS;ty 
III/(-! olJistanding flnpine()l!i ail(J sr;leniist" rHvP Deerl '~ppo;lted a" 
rv'MHHI pusl-ductoricl r()sea,Ccl-' assuc,,-,tc,; 

IJr, Martli1 l<arplsc,k f(():~c tI,e U'live cs'tv.o: ;\IILcna, i\fr,() R()c­
IcHTlatloll Ccr1lcr 

l)t r 1< CfullE-~rfCe "om tI-,c Unl'/C'r~il:'j' o· (}.Jefl;I~-;I:-;rld 

/\us:ralld Lkpdrtlncr"r, 01 Miflirl[_J anu Geolc~Jlca! L 1l-;JII';O(-)rl(I[J, 

ABSTRACTS 

C ;lC !o:IOI'il:lq al)str3C,:i ur; A' I/U'lil U(?ulo(lY W(-"(, l'lcluued in "Ie 
l)r~J()ram for tile cL.lrd Ard-'ual Meotlllq~, ~;pcn~;o'cd llY :j1P CcoloUI­
ca' ~()CI(!!V d ;".rrI(~rICcl cr1 NOvP'>iber 17 ::-'0 1geU .'l !\t,anW, 
il)() evoii.:tionary ni,lure 0/ ai!eration rn;nera,"7a!i811, and '!/uiei 
cililrilcl~Hisri(;s I." 1.'lt.'us.'rJrl-re/;-;!erj porphy.'y l;onnr;r deposits ~lr 
Ihp ciout.!iwestern Uniteci Stotes UUl-'Ie, 1~lcl'ar(i, /\t,.f/\X Lxp,ora 
tlc,l- ,'ll; 1'.H:'iol1 /\L 
/1 IS roie 8/ .'I/o'r.'ro-r)l (j'lnIS'71S In ti,l: iOlll.'dll()." ()i ~jl! ier I '/'frl '.'ciii '-ltilj 
(l!iwi (:rJij!.'.r,u~ SUvl SILl!!!' RmILS, ,13.V(;' J a',d G:I-,e~, LJc:p: at 
Gl'() uJ cal ::;cie'H'P': ,l'I~; uq;.i 0' fv' cr(J~)i()I()Cjy, 1._,;11"/ 0' 
iiY"''''''', Sl::-r.tlc, \I,/!\ 
UlS!,'li:!!I(lrl 'l.'.':i uutroqcnsis of i80eL ri1y(;i'!t:.', 'N(\,ll:"-." US/', RI,'t 
UU'Eilc: M Ullcw, Jallll~s \1 C'lrc~ll;iJ'se'l Lr c .--j, L)ep' ~)f CE)­
I) Ci.;y AIILO'lel S'~-Ite ,,"1 \' iC:Y'f-l:, fl.7 
!- at /1 /,',' :'."S'C .sf,' :-1ii~!:' ii,nil1 one! Ucr;().~.'I'r;t, -J:' hie;!;J,':; r;i :,I,C u;,rC!,':'iU 
r,lr,' ".' ()Ur;C:;Y.'iCi.'lJe (;3'1 I Illu~hy I' rjeD! ~)I ::-;lc()I()(,1\' TIC! 
(;"q;I-'6::'3 Lh \,' ~!' ""\' ,-::U1S 'l \~a()I'<)'1 "i'-/ 

DI 'V'./CfI'P.' H;-;fln IrrY'l ,hc Unlvcr:ilty of Ail/ona, IJepal:ment ot 
Che('1ICill EI1[jllloerlng 

l)r Andel" SdlUrcfI Irorri U,ulrncrs Um,mr:i'IY of iec~inoiogv, 
GCitul)()r',J, Swe(jen, Uepanmenl of f'liel<liiurUICid 1--rlQlnecnnp: and 

Dr, (,eUJI(] Ilmwood Irom t~lO Unlvorslty cf Ari7l):IC{, School of 
nenewable Nahnai ilosources, 

In a naEollwl(je cOmp()tltiun lill/oivll1[J illl :'11 MMI~nl Instl1utes, 
five re,,()ilrcfl propcsals ImlT! lacultv of tr,() Ul1lVerslty of i\rizona 
were selected fur flindln~j by the Offico of Sur:(-lce iv1ininq Tr.ese 
p(()pu~;als from tl1u Collq-W of Mines WUC' 

I S:;,elter F-iT1I~-;S,()I1 C(Hltruls' The Impaci of Mll1l11g iJlld i\,1iJfkp! 
'or I\cld, PI()fE-)~-;sor Mrcllael Hlobor, l)()Pillt'"ent ot Mill;!!'] ilnd 
CP.olo[jLcall nglrleennQ, 876,750,- arlO )fear 

2, (,roIHl(1 a'ld Air ViiJrdtirms Ci-JiJse(lilY SuJfa(;(~ BI'J~-;ilrl{J. AssIS­
tant f-'rolecisor Jllilk.1. DiJcrTIElfi Dq)il,'tfTlent of MIJ1lnU ,Hid CuoIO[j­
!Cd~ FII[Jineen I1Q, :51 :-'~j ,:-'70- f'.rst of two yea.'s_ 

:'3 C-'lct:Jrs Nfecl;ll[_] Fi()iatior: riflC()Very ()f MuiYlderllle cHIC1 
~lorpliY'I)' Copper (}rw:, A~-;sl:iii-,r',: i"rofw;,;ur SriIVII~,,-'.'l HdLlluvim 
lJepa(tm()I't ()f Metc,iiur[jICdi l~lUlnC(~I'I1[J $4Cl_:~?7 one year, 

4 CharactellLatloll eriel !-'rocesslnlJ of (,;0<11 F:red Co ope: r~e 
'verIJ():mury Fille l)11:;!:;, AS~-;I~;i,HI! r,()ie:-;sor Srll1,Vk;an Hil<]rla\mn, 
lJepa:tmen! ul Metal.'lI 'C)icai Ln;Jlnec{!n;J $:'36.7t1.'-'- one year, 

~, IrivemolY of Haia(ds ot Mlllere,l Lanc!." Usillq Sarel!'le 
ilnaqclY alld C;ollil\()Iil! [JiJ'd, A:-8Sl,l'It Pr:Jfes:-:or C. L, G!c1~;~; Llc­
p(-JrtmelH of l\.'illWI:::] and Geoloqlca! Lnqneelrr.';J dr'c A~-s,,,;~r-ri rr~J­
:()~<-;or R /1 SC'lOWfl~lqprdt, nepartrnent of Sysf()rn:-: Erqlrw()rirq 
$21,J::,? Sfl(;omj yei,r ~)~ bi()-ye~lr pro!er;i 

rieccnt COnlr<lClS na,l!: been forll1iJll/():j to fllnd ~Ile third year 01 
Arl/m:(-J r,,'jMi~I~! acl,vi,ie" 1+ is !loped ,hm even ',:ore C(lr1~ribut,mI.S 
tu ()S()ilrCn and ITllr,P'(-l! reS()llrCe pr1UC3tion IN,;·I)l~ fUftnUJrrllll[! ? 

neqJOna/ guolng,'e cvents m:l}r.'c(j iron, upper protUOLO.'C lucKS ()i 
,'IIe North /".rnencan coro'il/ora elll IS, e l3' 'ck, f'Jlerl0ii-F (-lm I ()Ihflr.", 
[Jep', uf (,"~)'r;q,cill ~;CI(!IIc:e~-: Uli,'/ Df C>-J! forr'la, S,nld Gd!lulil, 
C/\ 
The .'ciauonsill,n DC"w"en /ithoioClcS nne! IC.i7nofalJna it; 5,1109/:0'\', 
.'rla.'!ne dep0';lls o'! l,hG Kalbab ,1-orrr;ar:on, I\'or!,f'ern Arl7()na 
LJi'~;o,.H!el: Fral'K i nflp' 0' CedD]'i a:i:I CeOrJTi;iIC, U'w/, u! 
',)t3fl Sail L'lkE) Crt)l, U 1-
i--i,/lirocarD()th In nmnlic (/cri'/C(/ ii(npi,.'iJ(;h'~ Crana Cm'li'on alea, 
II,r,L().";' (~dr(; ~-l fv1 ~j ,TI~i ~)"I'p',; ;--1~l'-l,,';-lii 'lstirl,tC 0' C(:~)lJ'IY~;I~:~' 

lJ11 \' of HelW", i 101'ol,JII, : II 
/ il(J rr"[pona/ pOicntlai o'! ai q::/OCU()US s/..- iJri, Ir' !i,e Ul!lte(j State;; .10"­
,'ad:(y,(;uve-"/,'-lSic' (j,":,oo.,-"I/ ~;C'17,'i R.'~, ,)e qe ITil'tl,:c o! ~i:lI,'ill 

Re:-:cvcos Tld [)i~:)l c! (Jcul~J-:J/, th \-' ~Jf C("C'qld, I'd (}il~" C:1/\ 
,jorl'l:<)!: KO'l'W'_'l S , (J,(Ic,hY"e, C:1l~uk)(-,I~:d SI,rve\' 2nd IJ~ v ot 

epr)eI18m.',,!r:; (); .<;~_',c,~,'r(.': .'," [:(;.'[;: 
UI~ :;(O;rl .J~JI)r· ,', I)f:,'-,l 

.'\,- ,:,:1" -; ,1(>,(;'1, A.7 

ril:,rUS,'[ a:':(;,':l~ :I,'-~ ,13 
GI:C'c', ~"I-: f-,S ",I" r:-f 
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Development of deep in situ soil mOisture (Je!erminiJ.!ion 
rechnique. Sheldon [} Clark, Tucsorl. 

! and subsirience ilnd aruund fililure IIlrilJccej by IIwd withriri:l'Ni-l1 
,'n iJrhan aredS. I-Iolzer, Thorlli-lS I ,USGS. Menlo f'ark, CA 
Overconsol!(iallon of ciasli(; i-lquifer systems in areas of man 
inriuced land subsidenco' 1'loILO!, I iloma~; L" USGS. Menlo f'l;'Jrk, 
CA 
Method for f\\tlll)atll1g land subsidence m south-centra/ ArlLOlla 
f'dwpllk, LJavld IN, LilflPY, Rol;prl I RdlPS ,liJr(l(~S I USGS, 
I-'hoonlx, /\7 
Is there a Casa Grande bulge ami will it cause uilrthquakes m 
Ari70ni-l?' Haymond. RlctliJrrf II, Cordy. (,i'LI L .. 'Iuttlo. Greqory M., 
I) S, Wiltor and Pow{-)( Resourc()~; Sorvlce, P!loonlx, A/ 
Minolillogy of the () and Til sites JIl a uraniferous precamlJflan 
granite, Woodjl[;Jci. James A and others, Div of (·'eololl'cal Jnd 
Plallotary SCiPrlCE-lS, California IllS!. cl lecl,nology. l--'aSi-ldp(li-L CA 
U- lh-Pb'oc: is()!OpiC StlidlOS in SIX congonc!ic illlf1Pral species 
from a uri-lrlifmous precan~llrlan walli:e, W:llia['1S, Ii-lil S .. Silver, 
Luon'] ,Lliv. of Gpc!0Ulcal and Planclilry SCiences, Caliiomia Ifls( 
of 'lecl1nolo(w, Pa:iarJena. CA, 

PAPERS 

The MuselJ!" of NortilU(i1 An.-'onil spollsored tho J3rd i-Hirillal 
SymposiulTI Oil Souti,wQstern Geology, August ."9, 19BO SCVUIl­
iEee/) prJrsons presented papers, the tities 01 which aw Iistod be 
low. Anyone who !liJS qlJPstlOllS or dpslfes dddihmai iniormatiorl 
ahOIJt the pr~lS(!ntJtlons Sl10utd contJct the aUlhor(s) directly 
Preliminary paleo()cologic IIltorprolation oithe Green horn rTii-JfIIW! 

(;ycle (Cu;taccous) in the area of southwestern Wack Mesa, 
Coconino County, Ari7ona, Di-l!p Nallorls and Jomos I Kirklclfld, 
Northern Ari7(HlH Univ., Flaustafi 
Oak Creek-Grand C:·myon PRrmian c(){wla.llons preliminary rc­
I/(J(;tlolls, II W Peirce. [3urOJU ot Geology and MincrJl r ecllllol· 
ogy, 'rucson, 
Century-long changes ill tile fluvial system of the I-/enry Mountains 
rcglon, Utah, Willii-lIll L (,rilff, lJupt. 01 GoogrJplW, !\ri70rli-J Slilte 
Univ., Tempe 
011 tho growth ami form 01 Ifm Crotaceous oyster PycII()(iontc 
Newbem (Stanlon), 'lcrOSJ llono and Karl Flessa, Dept. of Geo 
sciences, UnIV, of Ari7orla, Tucson 
Potro/()um oxplora.lioll--reslJlts of recent wi/riCi-lls in ciltiOn and 
Socorro Co" New MflXic() with implications on Oil and gas poten­
tial, B'IJce A Black, Colorado PiatcJu GooloQical Services. Inc, 
I Jrmlngion, NM. 
I ate Ceno7oic displacemonts along IIle Verde Faull. soulilCrn 
Verde Valloy, ldwarci W, Wolfe. USGS. F!aqstafi 
Collapso foatures of the Mogoi/on Rim region, Rdlpll L. Weeks and 
uom--lld G Mei7qer. Tmq)[). 

State of Arizona 
Bureau of Geology and Mineral Technology 
845 N, Porl~ Ave. 
Tucson, Arizona 85719 
602/626"2733 
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Topographically centrollmj dune systems of earth (Navajo neser­
'latJon) and mars, MorQan Gray, Camilla K McC(-llIley am! WiiJiam 
J. Breed. MWimJlTl of N()rthem Arl7Drld, ICiau~;tilff. 
Geolo(JY of Caslfc /-lot Sprmg, Ken Wordetz, Arizolla StJte Un,v" 
Tenpe 
Now oiJservatlons of the stratigraphy ami paleontology of (he 
Verde f-ormatIOri, LJa!e NJt!ons. Hicl13rd Hevly and Jerry Landye, 
Northern Arizona Univ" F!aQstaff. 
7 ho Palervoic-Precdm/JTlafi Ilficomformily in central Ari?ona, L P 
Knautlland ld, Stump, ArlLOnd State Un IV TumW~ 
Paleonot%glca/llJventory of thc SIDtclands £3istl COill Mme, San 
Juan C()un/y, New Moxico, lJ LuMolle, A. flarris, D, Wolher(] and 
R, Simpson. UrllV, of Texas at l:1 Paso, 
Paleont%gical inventory, I a Plata Coal Mine, San Juan County. 
Now M()xlco, D. LuMorl(!, A. Hams. W. Cornell cHid R Simpson. 
Univ ofTexasatEIPaso, 
Interim report: the hydrolorn and elirltat%gy of the SI([Jnk Creek 
archaeological sile (NA-15909) ciuring Hohokarrl time, Richard A 
Farl. Arizona Stato UnIV, '] ompc. 
Magma flow, hoat /ossos and brocclOtlon of host rucks dunng dike 
emplH.cement, Ship r-lock, New Mexico, Paul Delancy, USGS, 
Flagstaff. 
Ca/cite analysIs d()/OIl7JIlJation 01 dommant stmss fmld, Sioic 
Mountain, I1nzona. Aian P Trujillo and Karl J. Schmid, NOlthern 
Arlzollo UIlIV , Fii-JUc;taff 

The Museum of Nortilern ArlLono sponsors tllOsu sympo~>la so 
Hldl Ihe results of work in proQress or work neafing completion can 
bo IllJde known ~[J and discw;sed tly others who m1Qht have famil­
iarity wltll tI\IS subject Ahstracts are not requeSIEJcJ 
I-'Iall~; JrEJ helllU made for tim 341h sylnposlLlfl1 wilich wlii lm Imld III 
lale August or [larly Suptomt)er 1981 Addit:ol'lalillformation about 
~rle symposium will bo Illcluded In ;uturo ISSUOS of ULL[)NOTES 
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Siale of Arizona [;(wmn()' BrlleU 8,,[;[;,11 
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