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RANIUM

IN ARIZONA

by Robert B. Scarborough

The boom n the uranium industry during the 18508 and 1960s
affected Arizona, as well as many olher western states. According
to Department of Energy production records, 18 quilion pounds of
uraniurm concentrate have been produced from 328 mines in
seven magr argas in Arizona, mostly betweaan 1948 and 1969,
These soven areas, and the geologic cnvironments from which the
wranium has been extracted, may be grouped in order of decreas-
i1y production, as follows:

. Monument Valley —Shinarump Conglomerate
- Orphan lode—breccid pipe
- Lukachukal Mountaing - Maorrison Formation
. Cameron area—Chinle Formation
- Carrizo Mourtains—Morrizson Formation
. Siorra Ancha Maountains  Dripping Spring Quartzite
. Biack Mountain area—Toreva FFormation
numbzer of other geclogic envirorments in Arizana that arc
krowrs 1o contaen many anomeaious concentrations of uranium are
listed below and categorized in Figure 1. Asterisks precede those
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errIrenments with rsinor uranium production.

Urapium-vanadium ore being removed from a mine inthe Lukachukai Moun-
tains of northeast Arizona during the early 1950s. This mine, operated by
Kerr-McGee Co., was developed in the Jurassic-age Sait Wash Member of
the Morrison Formation. Sedimentary rocks of this age still are the largest
producers of uranium ores in the U.S. Photo from 4. 5. Bureau of Mines.
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Figure 1. Areas of Uranium Praduction and Gcourrences

COLORADO PLATEALY PORTION
Moerkopt Formation (hasal part}, Triassic age
Kaibaly Limestone, Permian age
Navajo Sandstong, Jdirassic ags
Oakota Formation, Cretaceous age
Kayenta F'ormation, Jurassic Triassic age
Maco-Supai Formation conglomerates, 1ate Paleczoic ago
* Sedimenis in Hopi Butte volcanic field, Cenoscic age
RASIN AND BANGL PORTION
* Cretaceous sandstones, southeast part of the state
* Qligocens-Miccens-Pliocens scediments
Oligeceng-Micoerna volcarsc rocks
Jurassic-Cretaceods volcanics
Laramide pf)rphyry copper deposits and vein systems
Vein pegmatite-fissure occurences, often
cambriar crystacling terram

Pre-
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Clearly, uranium is found in many different areas and geologic
environmenis. This may be a reflection of the relative chemical
mobility of uranium when compared with other heavy metals. Once
leached from a source area, Uranium migrates easily in aquecus
solution unlif fixed or precipitated by sulfur or organic molecules.
This geochemical tendency in nature produces two classes of
uranium deposits, either magmatic-hydrothermal or secondary.
The: type of uranium deposit is thus determined by the uranium’s
association with magrnatic or hydrothermal {hot water) activity, or
whether it has been transported for some distance by groundwater
and deposited in favorable environments, most often in sediments.

.

View looking southeast in the uranium mining country of the Lukachukai
Mauntains of Apache County. Rim strips and access roads are built maostiy
on cliffs of Seit Wash Member of Morrison Formatlon. Last mining in this
area was in 1968. Photo by R. Scarborough.

Uraniurn in perphyry copper deposits, or in pegmatites, are exam-
ples of the first type of deposit, whereas uraniom in the Morrison
and Chinle Formations of the Colorado Plateau are examples of
the second type. Certain other deposits, such as in Plateau brec-
cia pipes, tend to have characteristics of bolh types of deposits.

ARIZONA URANIUM OVERVIEW

Worldwide, much uranium is produced from crystailine rocks,
such as alkali-rich granites; but in the United Statcs, \nngaiiy all
uranium production is from sedirmentary rocks, mostly in New

Mexico, Colorado, Utah and Wyoming. Most U.5. production ig
from Mesozoic-age sediments (240-65 million years old}, except
in Wyoming where thay are Cenozoic {65 million years to present).

The vast majority of Arizona uranium production has been from
the Colorado Plateau portion of the state (Figure 1 and Table 1),
rom Mesozoic sediments which are similar in geologic setting to
the larger deposits in adjacent Utah, Colorado and New Mexico,
The main geotogic sources for Arizona production are the Triassic
(225180 m.y.) basal Chinie Formation including the Shinaromp
Conglomerate Member in Monument Valley, and the Jurassic
{180-140 rn.y.) Salt Wash Mermber ol the Morrison Formation in the
Carrizo and Lukachukai Mountains. The other principal source in
Arizona has been the Orphan lode braccia pipe in Grand Canyon
National Park. Together, these areas account for about 99% of all
production of Arizona uranium. The Cretaceous Toreva Formation
of Black Mesa and the Precambrian Dripping Spring Quartzite of
the Sierra Ancha and vicinily account for most of the remaining
1%, while scattered, small shipments from the Basin and Range
country make up the remainder.

MAJOR PAST PRODUCERS IN ARIZONA

Morrison Formation

Histarically, the Salt Wash Momber of the Morrison Formation in
the eastern Carrizo Mountains was the earliest Arizona source of
radioactive minerals. Around 1920, small amounts of uranium ore
were shipped to Colorado for extraction of radium. Later, six minges
in the western Carrizo Mountainsg shipped some Salt Wash va-
nadium ore during World War 11 (1942-1944)_inally, in 1948, Ihese
and other Carrize mings began supplying uranium for naticnal
defense purpeses under the auspices of the newly created U5,
Atomic Frergy Commission. This production had been lostered by
preliminary mapping and feasibility studies by Union Mincs De-
velopment Corporation (UMDC) personnel, organized by the Army
Corp of Engineers for the Manhatian Project during 1843-1946.
Shortly thercafter, in 1850-1951, uranium was discovered in the
nearby Lukachukai Mountains and development quickly followed.
Around 1950, the U.S. Geological Suvey started regional geologic
studies of the Colorado Plateau based on its uranium potential,
which, among other things, allowed the discovery of uranium min-
erdls at the Orphan Minc in the Grand Canyon in 1951, See
Chenoweth (1980) tor further detaiis.

Betwesn 1948 and 19686, about 50 mines in the Lukachukai
Mountains and another 93 in the: Carrizos produced approximately
3.9 million peunds of uranium (UsOu) from ores confaining about
0.23% 4a0s and about 1.2% vanadiurn (V20s). Most of this ore was

TABLE 1
ARIZONA URANIUM PRODUCTION, 1948-1970

Pounds of Average Founds of Average Venis n_)f
Tons ol Ore [REISM 1a0e Gradoe V2 0s . V20 Grade . .Ff]'.o.d."f‘_“"”. .
" Black Mountain District 16,900 57,600 0.17% _ 26000 0.08% 1951-1967
" Plateau breccia pipes_ _s11000 _‘13?4@_ o 043% — - tesgagF
{ameron area’ 235100 1,240,000 0.21% 211,900 3.036% 195414963
1977 —present?
 Carrizo Mountains . 90,300 164,900 0.20% 166200 175% 194B-1966
 Lukachukai Mountains 724,800 3483300 024% 14,730,000 102%  1950.1968
Monument Valley © Ty az2,000 8,670,000 0.33% 24,361.400 0.92% 1048 1969 _
" ‘Sierra Ancha District 25 500 115,200 0.23% : - 1953-1950
1977 present®
- Solutlhle_r.ri A.r.'rz_on.a:. all
sources in Cochise, .
Giraham. £ima. Sania 11,600 36,700 10,300 . 19541955
Cruz, Yavapai and
Yuma Counties o
(M podvers) SO 9T presentt
2,997 200 18,342,300 0.3i% 42,_5_)_05.8[}0 o

T TT0TALS

7 One knows producer in Holrook arca

Yncludes Marbie Canyon-Yermilbon Chilfs area and cne producerinthe Kaimalh Ls.

1 Two known producers: one in Pinal s, one in Sierra Ancha
A0ne known producer in Rincon Mis, area
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obtained through underground roam-and-pillar techniques with
adits or surface declines driven from mesa rims developed on
cliffs of the Salt Wash Member of the Morrison F ormation.

The Salt Wash Member of the Morrison f-ormation is interpreted
as continental fluviai-floodplain deposits {Chenowoeth and Malarn,
1973}; the uranium-vanadium Ores are stratigraphically confined o
certain mudstone and sandstone layers which contain abundant
fossil woody-planl trash and carbonized log fragments. Ore grade
is closcly associated with organic content, which, in turm may be
related to the position of point bar deposits with respect to paleo-
meander bends in the stream courses.

Most workers interpret the ore deposition as quickly following
sediment deposition, betore later diagenesis solidified the
mudstones, In the Carrizo Mountains at the Zona Mine, Chenoweth
and Malan (1973) interpreted the ore deposition to have taken
place before the Salt Wash sediments were intruded and bakad by
the Laramide-age Carrizo Mountain laccoliths. Hence the ore
depositionis pre { aramide (~ 70m.y.} in age.

An unexplained attribute of the Sall Wash ores is a ratio of vana.-
dium to uranium of approximataly 4:1 up fo 8:1. Thig ralio s a high
{or Arizona uranium deposits and accounts for 17.9 million pounds
of V20, production lrom mines in the Salt Wash Member alone. The
urarium and vanadium apparently migrated fogoether under ap-
propriate geochernical conditions, presumably from the source
arca of the Salt Wash sediments, somewhere to the west of what is
today t.ea's Ferry on the Colorade River (Craig and others, 1955).

Chinte Formation

The basal part of the Triassic Chinle Formation in the Carneron
area and in the Monument Valiey region of Arizona and Utah had
sustained production of uranium between 1948 and 1968. [n the
Camgcron area, the lower part of the Chinle Formation {termed the
sarddstone and siltstone membor by Repenning and others, 1969,
0. 8) and various horizons in the Petrified Forest Member contain
ore zones that consist of interbedded sands and mudstones with
abundant silicified logs. These strata are oxposed along both
sides of the Little Colorade River for 40 miles. A total of 102 mines,
most of which were open pits averaging between 20 and 60 feot
deep, produced 124 million pounds of UsQs and 212,000 pounds
of V205 hetween 1954 and 1963 (see Bollin and Kerr, 19568). These
mined areas represent only tho mast accessibie ore bodies. Cer-
tainly, some potential for slightly deeper ore bodies remains in the
area, as suggested by some recent drilling results, In tha castern
part of the Cameron area, minor production is recorded from the
basat Kayenta Formation.

Maonumenlt Valloy has been tha single most productive area for
wranium i Arizona. In this reqgion, well-defined channels of the
basal Chinle conglomerate (the Shinarump} were cut inlo the
underlying riassic Moenkapi Formation and were subsequently
mineralized locally. The channef fill cansists of pebbiey conglorm-
crales with sandstone and mudstone fenses and locally abundant
carbonized and silicified logs. Tolal Monument Yalley production
from 34 mines between 1948 and 1969 amounts lo 8.7 million
pounds of Ua(ds and 24.4 million pounds of V20s. Arizona's largost
single mine group is the Monument No. 2 mine, aperaioed by the
Vanadiurm Carporation of America. This Monument mina is in an
erosional remnant of a low scour in a single Shinarump channel,
with both upstream and downstream portions removed Ly later
erosion. The preserved channel remnant is cut through the Moen-
kopi Formation into the underlying Do Chelly Sandstone, and is
about 700 fect wide and up to 60 feet deep. Monurment No, 2
production alone accounts for 5.2 million paunds of Us(Os and 21.8
million pounds of V2Or from 1952 to 1967, Farlier underground
workings were eventually replaced by an open pit which followed
the: course of the Shinarump channel. Productiaon was enhianced
from 1955 to 1964 by a mechanical upgrader situated near the
ming that separaled higher grade clay silt ore averaging 0.24%
UsCy and 2 6% VO fromimare sandy materials (0.02% UsQs and
0.18% Vall) which woere discarded. During 1964 19687 heap
lcashing of the sand residue and some low grade ore resultod

Mining at the Charlie Huskon No. 3 apen plt in the Cameron area, April 1966.
Uranium here Is in sands and shates of the Triassic-age Chinle Formation.
Petrified wood in the sediments is especially uranium rich. Photo by W,
Chenoweth, Dept. of Energy.

i additional production. Ore minerals at Monurnent No. 2 are
tyuyamunite, carmotite, becquerclite, hervettitc and uraninite; they
impregnale sandstone lenses, fill fractures, and replace clay and
fossil plant fragments. Most workers hypothesize ore deposition in
Shinarump channels to have ocaurred through the trapping of
uranium-vanadium minerals by organic debris in the channels
from groundwater solutions which were moving through the
permeable channelways in the post-Shinarump ltme. However,
Finnelt (1957) suggests a Laramide age of low-lemperalure hy-
drothermal ore deposition.

Breccia Pipe Sources

Breccia pipes are found in large areas of the Colorade Plateau
cauniry. More than 100 have been postulated by DOR subcontract
studies to exist in the region surrounding the Grand Canyon. The
pipes take the form ol vertically elongate, cylindrical masses filled
with helerngeneous assemblages of sedimentary rock fragments
thal have been displaced downward, presumably by collapse into
a solution cavity formed in Mississipian-age Redwall Limestone.
Radial and concentric faults and fractures mark the laleral pipe
boundaries. Whare explored, the pipes never canlain sedimeniary
material that can be proven to have maoved dpward, nor do they
comain any volcanic debris. Many. but tyy no means ail, of the
Arizona Plateau pipes contain varying degrees of copper andior
uranium mineralization. Past uranium production in Arizona is re-
corded from live pipes. The first four {Chapel, Hack Canyon,
Ridenour and Riverview) supplied a cumutative total of 1852 tons
of uraninile-lype ore that contained about 0.5% UsOs between
1950 and 1964. The fifh, the Orphan Lade, is the sccond largest
indivicual Arizona uranium mine. it is credited with 509,000 tons of
ore that conlained 0.43% Js0s, and with considerable values
of copper and silver. Vanadium content was quite low.

The Qrphan ares are mostly primary uraninite-pyrite-chalcocite-
tennantile, with some sccondary ores found near the present sur-
tace of the mine, 1,000 feet below the top of the Grand Canyon.
The ares have been subdivided inta basically twe types. A central
"B arebody ocoupies a "pipe within a pipe” structure, where the
are has impregnated the highly breceiated pipo-fill daorived largely
from the Coconine Sandstone. The annular ring orebody is found
maostly outside the pipe penmeter, 200 400 teal helow the surface.
Ouiside of tha pipe perimeter, rich ore selectively replaced certain
mudstone layers in the Supai Farmaiion. For details of Qrphari
geology, see Gornity and Kerr (1870} and Kofford {1969}

Orex mined in 1956 to 1959 was hoisted to the canyon rim by an
aeral bucket tramway with & 1,000 ton-per-month capacity. From
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Adits 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 is continuing as an exploration target in the 1980s.
Photo by R. Scarborough,

1959 on, ore was hofsted through a crosscut and 1,600 fool shall
diractly to the canyon rim. Most are was trucked to the Rare Metals
Mill in Tuba Gity.

Mare than B0 exotic minerals have been identified at the Orphan
mine. Detailed analyses indicate primmary ore deposition at tem-
peratures of 60°to 110° €, with uranium-lead age dates suggest-
ing a Jurassic age of are deposition. Interestingly, this very nearly
coincides with the age of the Morrison Formation sedimernitation in
the Four Cormers region to the cast,

Other Arizona Production

Betwoeon 10,000 and 20,000 tors of uranium ore have been
shipped from each of three other sources in Arizona: The Creta:
ceaus Toreva Formation: on the eastern oxtent of Black Mesa; the
Precarnbrian Dripping Spring Quarizite of the Sierra Ancha of Gila
County; and scaltered shipments from 11 different sources in the
Basin and Range portion of the state. The Toreva Farmation and
Dripping Spring Quartzite ores are hoih interpreted as
stratabound deposits {Chenoweath and Malan, 1973, Williams,
$957). The two largest southern Basin and Range sources {(both in
the 1950s) have been tha Anderson mine of Yavapai County (con-
sisting of Miocene carbonaceous and siliceous sediments) and
the Curanium mine of Santa Cruz County (a shear zone in
Cretaceous guartzites).

RECENT TRENDS IN URANIUM INDUSTRY

The $970s has been a decada of increased exploration
anrc mining of uranium on a national scale. During this fen-year
period, average procuction figures (DAL oper file report 100{80)}
for New Mexico were 6,200 tans of UaOs concentrate per yaar,
4 400 tans per year {or Wyoming, and 4,300 tans per year for all
other siates combined (Cotorada, Ulah, Washington and Toxas).
Viewad in comparison with these figures, the oial comulative
Arizona uranium cutput to date is 8,184 tons of UaOs. or 2.82% o
the U 5. cumulative tolai oroducton for 324,900 tons of Lia0a as of
January 1, 1880, Natonally, 19/4 drilling footage for uraniun was
aigtributed  geagraphically as {ollows: 35% in Wyoming 0asing,
33% an the Colorado =i I, A0% in wes: Gulf Coast piains,
abau: 2.5% in the Basin ana Range Provnce, and about 10% in Al

atnar Greas.

Mining and drilling tn 1958 at the Anderson mine of Yavapai County. Re-
newed drifling in the 1970s cutlined a large jow-grade uranlum ocrebody
nparby whilch now awaits favorable sconomic condltions for further de-
velopment. Photo by W. Chenoweth, Dept. of Energy.

RECENT ACTIVITY IN ARIZONA

Although Arizona has only produced moderate amounts of
vraniug in the past, considerable expioration efforts have been
oxpended in the state during the tast decade, particularly in refer-
ence to breccia pipe and Cenozoic sedimentary targets. Recent
trends of exploration drilling in Arizona are illustrated in Tabic 2,
Land held for exploration and dovelopment by companies and
incdivicduals in Arizona was at an all-time high at about 1.7 million
acres, 4s of January 1, 1980, up 30% over the January 1879 hold-
ings. Drilling in the first hall of 1980 was down about 50% from the
same time in 1879, probabiy related at least in pard o nuciear
reactar cancellations following the Three Mile Islandg incident. The
driling peai in 1976 was centered ground renewed interest in the
Miocene sediments of the Date Crook basin of Yavapai and Yuma
Counties. During this surge, Minerais Explorat:on and Urangeshel-
shaft drilled out low-grade ore reserves in excess of 30 mellion
pounds of UaDa in the shallow subsariace nowr the Cld Anderson
mine {Fietdnofaes, v. B, 0. 3, p. 15). Announcemerts in 1977 of new
mining and milling plans were temporarily cancelad in mid-1380
because of financial considorations. Howover, considerablo inder-
est remains in the Date Creek pasin area and many other
Canozole sedimentary deposits (see Otton, 1977, Scarborough
and Wiit, 1879,

TABLE 2

EXPLOBATION DRI LING FOR UHANIURM IN AHIZONA, 1970 1880

Calendar Yoo Number of Hoies Foutage
1370 14 3,800
=k 24 2,200
1972 ar 5,000
Rt 50 EArdvle]
1974 127 G2 OG0
175 T 165L 1TE 2O
tu/sG 1465 a4, 100
1977 + {45 L0040
1978 1,372 B8R 00
197G [z15%3 378,400
18a0" R Fa 300

"Tirst s (8] months oniy Source W Crenoweath, D0z, Grano cunctis.
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Exploration drilling in Cenczoic sediments has also boen por-
formad in sevoral other areas. Portions of other southern Arizona
valleys have been drilled 1o test for [ate Creek basin analegs,
generally with discouraging results. Some low-grade resolrces
have been lecaled in Miocoene-age beddad dolomdos in the Now
Hiver area of Maricopa County.

Considerahle expicration s underway on the Colorado Plateau
for buried breceia pipes similas to the Orphan lode. Although many
pipes exist in the Grand Canyon-Arizona strip country, it is likely
that many are buried under surficial cover rocks, and require ad-
vanced geophysical technigues for target discovery. Energy Fuels
Muclear, Inc. of Denver has recently announced the discovery of a
previousty unknown ore-bearing pipo along Hack Canyon, north of
the Grand Canyon, which could yield 500,000 tons of ore, and
perhaps half the UaOa content of the Orphan lode.

Drilling has cortinued in tho Sierra Ancha region to fusther tost
the Dripping Spring Quartzite. New potential ore deposits arc
being expiored in the Workman Creek area in the central part of
the district, and around the old Red Bluff ming in the southern part
ef the disirict. The ofd Lucky Boy ming in the southern Pinal Moun-
tains produced some uranium in the 1950s from the Bripping
Spring Quanzite. The mine has been reopencd and several ship-
menis of brine concentrate have been made since 1977,

Shipments of yellow cake (uranium oxide) were initiated in April
1980 by Anamax from their Twin Buties open pit copper mina in the
Hima Mining district of the Sierrita Mounfaing. Theoy anticipaie
shipping approximately 120,000 pounds of concenirate, extracted
from a scoondary leach circuit, in the first yvear. This is an amount
eguivalent to the total production thus far obtainad from the entire
Sierra Ancha district, Phoelps Dodgoe Corporation anticipates some
teach soisiion recovery from their copper mines at Bishes and
Morenc,

Sorme drilling has been done to tost for targets in Precambrian
granites in the Redington Pass area of the Rincon Mountains, in
the narthern Whetstone Mountaing, and in Jurassic granite in the
southermn Santa Rita Mountains, These occurrences are usualiy
associated with shear zones or hydrothermally altersd areas.

The Departmerst of Encrygy. through its subcontractors, has ox-
pended considerable exploration time in Arizona during the past
docade. DOE's National Uraniem Resources Evaluation program
{NURL) is administered by Bendix Field Engineering Gorporatior,
which is now preparing folios of investigation for parts of Arizona
and New Maxico. including the Kingman, Prescott, Marble Cans-
yon. Williams, Shigrock, Gallup, Flagstalf. St Johns, Mesa, and
Grang Canyon 19 x 2° (NTMS) quadrangies. In addition, NURE
ficldwork on the Nogates, Douglas, Cliftor and Siver City quads is
nearing comaletion as of Decersher 19800 The NURE folios in-
clude fhe ovaluation of all major geoiogc environments in the
guadrangles for uranium poiential, and provide many de-
taited petrographic. chemical and gamma ray spectromeliric
analyses of major rock units of the quadrangles.

A variety of other projects in Arizona has been funded by DOL:
Deep driling in the Dale Creek basin region; detailed hy-
trogecchemical sampling around Artillery Peak, Mohave County
and the Cerbrat Mountains;, and detailed studics of certain
geclogic environmerss, such as older Procambrian conglomer-
ates and metamorphic core complexes. The hydregoeochemcal
work (HSS8 pregram of Bendix) wii appear in sumemnary foni
winin the NLRF foling. Tne detailed studies (“Worla Ciass™ oro-
gram of Bandind wili b issusd as individual open-ie reponts Gpen
completicn. Questions regarding the availability of any of hese
reports may te addressad o the Bendix §ibrary, 2O Box 1568,
Grand Juncticn, 0O 81501

g Denarimer:t of Fneryy-furded compi-
d producors ir Arizcna; 1F was
sarborcugh anc Potor L Kresar.
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arepasad by Rover: B
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LOCAL EVENTS

Tucson Gem and Mineral Show: Tucson Gem and Mineral
Society, Tucson, AZ Feliruary 13 15, 1881

Geoscicnce Daze  9th Anncal Student Presentafions: Depart-
ment of Geosciences, University of Arizena, Tucson, A7
(Contact: Mike Williams), March 4--6, 1981.

Symposium on tectonics and ore deposits: Arizona Geological
Society and University of Arizona, Tucson, A7, March
19 20,1981,

NATIONAL/REGIONAL EVENTS

Geological Society of America-—Annuai Meetings:
Corditleran Section, Harmosilo, MX, March 23 29, 1981,
Rocky Mountain Scotion, Rapid City, SD, April 1617,
1981
Corro Pricto Geothermal Field of Baia Cafifornia, Mexico—Sympo-
siurr: Univ. of California, Earth Sciences Div., Berkeiey, CA,
March 24-27, 1981,
American Association of Petroleum Geologists and Society of
Economic Paleontologists and Mineratogists:
Rocky Maountain Soction, Albuquerque, NM, Aprit 12 15,
1981,
Annual Meeting, San Francisca, CA, May 31 dune 3,
1981
Advances in Geotechnical Earthquake Engineering and Soil
MNynamics Meeiing: University of Missouri, Neila, MO.
April 26-May 2, 1981,
Geology of Industrial Minerals. -Forum; New Mexico Bureau of
Mines, Albuquergue. NM, May 13-15. 1981,

GRADUATE RESEARCH ASSISTANT

The recipient of the Research Assistantship awarded by
the Bureau of Geclogy 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 geclogy of the northeastern
Rincon Mountains inh 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 [r. George Navis.
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DESERT RUNOFF : Hazards in Arizona

by Susan M. DuBois and Brian R. Parks

Fach year Arizonans expericnce extensive iosses due to descit
runoff. Since 1862 runoff processes have resulted in at least 194
deaths (recorded} and more than $475 million in property and
agricultural fusses. Fifty-eight purcent of this estimated cumulative
monetary loss has occurred during the past ten years, 43 percent
since 1875,

The curves in Figure 1 show a clear trend toward increasing
lossos with succeeding high-llow events throughout the historical
runoff record, especizlly in recent years. Moreoever, surges in
losses appear o coincide wilh surges in urban population growth.
Possible faclors relating these twa curves will be discussed later.,
Figure 2 illuskrates that runoff-related damage has ocoured fre-
quently in all poputated regions of the state.

Flooding s the mest common term applied in discussions of
hydrologic risk. Often, [he word is used synonomously with runcff
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Figure 18, Frequency of damaging runoff events. The average (7.26 per
five-year interval) for the entire historlcal record has been consistentiy
exceeded since 1925,
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or erasion. However, {echnically defined, flooding describes a e .
condition of overbank fiow, a spreading of water onto a fiocodplain®, i O Qu F P a T
away fram a ruraff channel. In Arizona, as elsewhere, much so- # v ks !
called flood damage actually takes place during non-flocd stage ! i |
runoff pericds, when flowing water is confined by wel-defined but ! 3 l o .
Figure 3A. Flash 'flocding’ in canyon near Bishee, 18%7. Photo courtesy of Bisbee Council an the Arts and Humanities, Shatuck Memorial Archival

fraquenlly shifting banks. Several examples follow:

1) Flash “flooding” occurs when water suddenly flows in a wash
that was previously dry (Figure 3A). Potential victims include hik-
ors, campers or motorists who either do not heod threatening
weather signals or who choose to cross a rushing and powertul
stream. Unfartunately. many people fail to view dry washes as
aclive watar conduits.

2} A continuous natural process of 4 flowing stream is bankeut-
ting. or lateral eresion. This activily is concentrated aleng the cut
side bank of a meander, where water is moving most rapidiy
around the bend. Undorcutting of soft bank materdal leads o
cave-ing and channel migration {Figures 3B and 3C). During high

*Floodpslain: "Retatwvely flat area or lowland adjoining the channel
of a sircam or watercourse and subject o overflow by flood-
waters.” Army Corps of Engineers Flood Plain information Study
for Maricopa County, Arizondg, Vol. IV Wickenburg Beport, app. 2,
at 2 {1965).

Library, Qouglas Collection, Bishee,

steesam flow, homes or othor structizes built near the eroding side
of a meander are repeatedly threatcned with the collapse and loss
of foundation material andfor supporing ground. Many examplos
of poorty sitod bousing exist in Arizona where natural stream cro-
sion processes were either not understoad or, possibly, not
acknowledged during pianning and construction. Porticns of some
of thess deveiopments have aiready oxperienced damage and
property loss. Hesults of one study (Slczak. 1980) along the Rillito
River i Tucson indicate thal channels can migrate focally as much
as 818 metors (2,684 fcet) horizontalty during single high-flow
events {o.q., winter storms of 1965 and December 18978). Losses
due to lateral erosion may nclude houses, irailers, roads, water
wells, sewer lines, and bridges. Slezak concluded that bank cro
sion historically has been a more serious problom along the Rillito
than has overbank flooding.

33 Downcutting or channe! scour has caused much damage to
roads, bridge piers, pipelines and other structures locaied within

thickness of channel matariat which actually flows may be soveral
times the depth of watcr in the channel. Thus, during peak flow,
bridges with relatively shalflow footings may lack suppaort (Figure
30). Damage 1o bridge foundations may not be apparent after a
storm because channet maicrials are no longer inomoticn, and
depth of recent scour throughout the channe! is not exposed.

Risks associated with true fooding meluda damage from: stand-
ing or slowly moving water oulside of chaanels (Figurc 363, Hotting
of crops, ruined furniture and floors and unwanted silt deposils are
examples of flood effects. Sheetflow. Le., non-channelized water
or mud flowing rapidly acrass the land surface, can prosent great
soil erosion problems and basic water damage tc homes or cther
properties.

Relief efforts, control measares and other policies asseciated
with hydrologic risk mitigation have been the responsibility of
many levels of government, as well as the private sector (Table 1.
However, compiox aconomic, political and social issucs have

3.0—‘ -
- channoi beds. Any obstruction, whether man-made or the river's
. e . own debris deposits, mpedes ihe free flow of water and initiaies
2.5 800 5 [ wmerear sonos o ) scour and Bl processes (Figura 4). i addition, satcated portions
@ TOTAL PORULATIOR . e of the channet sand itself may fiow during peak runoft pericds. The
= EY =
= ——— URBAN POPULATION - ! s oW
wl B0H / FEGO0 E [[NTIY
= m H TSI | |
= Iif = <
= A =
= =
— 1.5 4 -400 = 1. Ajo 19. Duncan 37. Parker
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= m 3. Apache 21, Eloy 39. Phoenix & Vicinity
- 10 — 4, Bisbes 22. Flagstaff 40. Pinetop
S 300 = 5. Banson 23, Florence 41, Prescott
o - = 6. Bridgepor! 24. Ft. McDowell 42. Satord & Vicinity
= =4 = 7, Buckeye 25, Gila Bend 43. Sells
B b Log L 8. Bullhead City 28. Globe-Miami 44, Sierra Vista
: G 0 = 9, Camp Little 27. Goodyear 45. §t. Johns
£ w 10. Camp Verde 28. Grand Canyon 46. Topack
ﬂﬂﬂﬂﬂ . o 11. Casa Grande 249. Holbroak 47. Tucson
Qe T al.oo 12. Chandler-Gilbert 30. Kevin & Vicinity 48, Wealton
/' = 13. Clitton 31. Lake Havasu City 49, Wickenburg
= 14. Colorado City 32. Littlefield 50. Willcox
o 15. Continental 33. Mammoth 51. Williams
1 . -1 Lo = 16. Cottanwood 34. Marana 52. Winslow
IB70 80 90 (900 0 20 30 a0 w 17. Douglas 35. Maricopa 53. Woodruft i . L 7 S o T 2
. 18. Bragoon 6. Nogales 54, Yuma . - . )
YEARS Figure 3B. Channel migration around newly constructed bridge over Palo Figure AC. Bank erosion left the Southern Pacitic Railroad trachk dangling at

Figure 1A. Cumulative damage fram high runoff over five-year intervals.
Note thatingreased losses coincide with increased urban population.

Figure 2. Damaging runolf events reported at poputation centers in Arizona,
1862-1960.

Alto Road, southern Pima County, 1934, Photo courtesy of University of
Arizona Library, Spectal Collections, Tucson.

Tutson, late 1800s. Photo courtesy of University of Arizona Library, Speciat
Collections, Tucsan,
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Figure 3D. |-17 bridge coltagse on Agua Fria River, Decembear 1978. Six
deaths resulted from this event, Photo courtesy of Joe Gonzeles, Soil Con-
servaftion Service, Prescott.

Figure 3E. Fleod waters on Santa Cruz River floodplain, Qctober 1977, Photo
couriesy of Yance Haynes.

TABLE 1

Highway Patrol
Legislature

{Dept. of) Tranaporfation
(Dept. of) Water Rescurces

FEDERAL

Army Corps of Engineers

(Federal) Emergency Management
Administration

Fares! Service

Geclogical Survey

Housing and Urban Development

Nationaf Guard

LOCAL

City and County Engineers
Council of Governments

Park Service Fira Departments
President Hospitals
Scil Conservation Service Pianning and Zoning Commissions
Water and Power Resources Police
Service Sheriffs

Weather Service Town Councils

STATE PRIVATE OR VOLUNTEER
{DHice of) Ecenemic Planning Citizens
and Development Consultants
{Div. of) Emergency Services Contractors
Gavernor Develapers
{Dept. of) Health Services Red Cross

Table 1. Agencies or Groups involved in Water Management and Aeliet Efforts.

Figure 4. Diagram of scour and fill processes around an obstruction.

tended to inhibit any one agency or authority from either making «
comprehensive judgement or providing a thorough solution to the
prablem. Elimination of hydrologic damage is possible, but the
necessary measures might not be acceptable to all inlerested
parties. For example, corain groups might seek to avoid gov-
restrictions on the location of hames or other structures
near drainage channels. In addition, taxpayers may not wish to
bear the cost of a large darm built to protect property located in the
prodictable path of potential runoff. Conflicts of interest are often
d real issue in geotegic hazards mitigation.

Runoft control can generally be cateqorized as correclive (Ac-
tive) or preventive {passive). Corrective measures inciude dams,
levees, channel straightening, storm sewers and concrete rein-
forcement of barks—alt designed to contain and control potential
flocd waters and minimize damaging effects of erosion. Preveniive
measures, such as building codes and zoning ordinances, arc
planned to regulate development within floodpla 1t assure
mairdenance of a channel sufficient in size o Garry po? fontial runofi.
An excorpt from an articie on Arizona "fiood"” control {Roonay,
1973} summarizes the need for proventive measures coordinated
with corrective projects

“Flood control projects are usually expensive, and the pro-
tection they afford is limited by the project’s design charac-
toristics, Very few, if any, works are consiructed (o withstand
the maximum possibie flood, and it is dangerous o assume
thaf an area will ever be completely protected. Althouglh a
flood control project may reduce or eliminate the possibility
of damage from minor floods, it may also encourage ado-
tional floodplain doevelopment, Thus, growsng communitics
may unwitlingly discover thal they gre continually expanding
into unprotected arcas. To some axtent, the, ho correclive
grofect itself stimulates growth beyond its area of protection
and frelps create the setting for new darnage unless addi-
tional corrective measureas are undortaken.

While carrective measures are extromuly costly and af
mast alway s require federal financing, preventive measures
require very ttie capital ouliay, Boecausa prevenlive reguli-
fions are matters solely of state and local concern, they may
be implamented much more guickly and easily than projects
requiring federal participation. Most importantly, proventive
measures restrict rather than stimulate development in un-
orofocted Foodpiain areas.”

Another potential probkiem fvolves conflictng multipie uses fnr
corrective projects, such as dams. For instance, fiocd control and
water sunpiy objectives cannct both be met without great com
promise. Simply illustrated, an empty resarvcir can bast accom-
modate flood waters: a 1w reservor can bast provide irigation
and other water necds. ronically, these two purposes are ofter
cited togother mwatar zlang (o justify costs of large orolecis.

It appears thal widesproad and "rcqu‘ni VmAgs from by
dclogic svents o Anzona s noreasing, unabated (igures 1

o
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anc 2). The carresponding surge of urban growth (six-fola) and
increasod properly lesses since 1940 (Figure 1A) can be attri-
buted to the increase in building and occupancy of lands highly
susceptitie to runoff hazards. Furthor development of such areas
appedrs inevitahle as long as floodolains and, often, channel bods
ard banks, remain inexpensive, urrestricted areas in which to
build.
The homaoowner can Use a few common sense measures lor pro-
tection from ricky property investments:
1. Misit ihe nearest USGE or focal geclogical survey office and
discuss thae lopography of your site. Where are the nearest drain-
age conduiis? How susceptible is the siie to flooding, bank ero-
gicr. ele.?
2. Obtain an ai phote of the land surmunding your site from the
city planning office or Soil Conservation Service. A sequenco of
photos taken over a 30-50 year period woukd be preferabio.
Check especialty for stroam migration patterns which may ad-
yersoly aftect your propenty.
3. Talk 1o neighbaors about water damage history in your reighipor-
hood. Have the streets and houszes flooded? Do ponds cot ect in
the yurds for days afler a rainstorm? Visit the site during or ¢
moediatoly after rainstorms (o see iF and where waler o )Ilet,ls, ar
erodes the property.
4. Take awalking iour of surrounding land. Are drainageways that
leacd inoand out of 2 new subdivision adequately connected
through: the properiy? Have natural drainage patterns been mod-
ifiec? Discover it your site included a former channet and was
altered by ierracing, bulldozing or landscaping.
5. Check insurance companies for the flood-prone status of
YOUT Site.
6.1 your investigations 1Cad you (o suspeat the safety of your sits,
arwd you still wish to build, hire a professicnal consultant {geologist
hydrolegist or engineer] (o study your specific site neseds and o
offer iochnical advice,

. a .
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NEW MAP

A depth-to-bDedrock map of the basing in the Basm and Range
Frovince of southorm Arizona has recenty been commpletod by
Joary M. Goperhoimer and U John & Sumner thraugh a grant
frevi the LUSGS. The denth-to-bedrock \»alues were modeied from
residual gravity data based on 20,000 gravity stations using an
itorabve, 2-0 model, Ine modaling program accounts for viria-
tions in the density of basin fill and the density of xnown sali
Bodies. Weli data were used e refine the contours shallower than
2.000 feet.

Much of the study armea 8 unexpicred. This map orovides a
rmeans for initial aszessment of groundweaier. minerai and other
resourcas in seethern Arizona. The 15 piotted quadrangles in-

clide: Kings man, Witliams, Maaales, Prescott, Salion Sea, Phoenix,
L Coentro, Ao, Lukeville, Mogales, Tueson, Maza, Clifton, Silver
Cty and ')-’wuqlao.

Toe map is avaitable @ the same scale as tne Deoingic Map of
Arizora (1 500,000; at 52500 eacn Blac<lines are avalable a
1:250,000 a4t 55.00 for eacn of the 15 guadrang.es. The maps are
pothahed by ana avaraoe from g i at of Geophivsics, oot of
Souscie zegity aF Arzona. Tacson, A BE721
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New Farth Science Exhibit

by Peter Kresan

The Arizona-Sonore Desed Muscum, internationally known for
its fine naturat history cxhinits, is finishing Phase If of the Larth
Scicnoes Center with unique and exciting exhibits, summarizing
the geology and life tnstory of our regron.

The uriguenass and dynamic histery of tho Seoaran Desoert are
the main themes for the new exhibis. Its Basin and Range land-
scape is blanketed with unusual and sometimes bizarre plants,
inhabited by incredible dosort creatures and endowoed with: rich
mineral resources, The landscape is geologicalty now (within the
last 15 million yoars ) and very dynamic, but alzo corains evidence
for very different and {ascinating past environments {from shaliow
seas o viclent vulcanismy.

The dynamics of the earth's surface will be illustrated by the
Orb. a spherical movie screen presentation, which will show the
continents driiting across the adrth through geolo
orly will be surrounded Ly an ovat oxhilit wall, depicting the
geciogic evolulion of our regron, and representing a4 swoep
through earth histery, Spocimens of rocks, mincrais, ossils and
living plants and anémals will focus attention oo the Sonoeran
gealogio and life story, As a backdrop to the specimens, images
will charactesize the paleoenwonmentf‘ in which the life existed
and rocks and minerals formed.

Mast exhibits will be ooen--without glass- and many speci-
mens will he touchabie. There will be no walls arbitrarily dividing
geclogic and life histary. Inthis manner, the historical development
ol the Sonoran Desoert region mily be vicwoed a8 a continuum of
interretated gaologic and fife processes and events: it will also
illustrate our wiaque position @ ihe whole scheme of things. Such
an open and inlegrated approach s in the tradificn of the
Museumn's exciting and innovative exhibit techrique.

The tormaticn of Arizona’s rich porphyry copoer deposits within
the neart of volcances is ane of the mportant stories woven irdo
they geologic history exhibits, A rich display fo Arizona Sonora
minerals will e exhibited in a jewel-ike room, focusing on the
themes of minerals and aatural resources, and on the region's
significance as & cormmercial minmg cenfer, amphasiziog
coppor Visitors wit! become aware of the special geological cir-
cumnstances that occarred throab lime, and which now gliow s e
mine tiese valuable mineral depoasits.

Yo witl Do abla o foliow ne progress of the Phase |t exhibids in
tha Farth Science Conter during your vists (o the Deseart Musaum.
Sunedulad COMpIghon s iar the lan of 1981 The Arizona-Sonors
[)c,scr' Museum is fcoking forward o tne day when the goologic
tory will s2tthe stage for a ocitor ancerstanding of e raturg
‘mtor; of aur Soncran Desert.

The capital campaign 10 fund Hhase ! s on sehedule and on
Dudge: (n 1980 dollars) wath 4/7% 'JI tolal F"’( 2ol cosl ’E‘(?I‘-;\»'(‘['J |£a]
date, or 315000, Arvimporant cerruanen: of this fundng s g
’ar('P.l corporie grant over receves Dy the Oosert Moscum &

575,000 chalenge grart from the Anaconcz Copper Compary.

Attantic Richiietd boundation. (_):-wr rmEsar suppartsrs are
ASACH, I[ o, Doval Corposation, Paernso. Somoaany.
Poter <rosaa = a gsols LUGrS. JI[z'; L mn‘

ke Doser Mascum e @'se o5 gealngy a
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Bureau Activities Summary: Fiscal Year 1979-1980

by Larry O. Feliows

An understanding of Arizona's geologic framewaork and mmerd}
resources has nover been needed more than now. Requests for
geologic information relative to urban development, agriculture,
highways, minerat exploration, mining, recreation, waste disposal
and other uses are increasing. Mk isl i
made more efficiently if the surface and subsurface distribution of
5 and conditions were known,

Objectives of the Arizona Bureau of Geology and Mineral
Technology are to iorm the public, encowrage the wise use of
tand and mineral resources, and provide technical advice and
assistance on the geologic sefting, mineral resources and
geologic factors that atfect land use.” Int order o ace ish this,
Buroau scientists must continue to oam aboul the geology and
mineral resources of the stale by making inventorics of a diversily
of s s, making studies of their characteristics, and by
colfecting and evaluating data (rock cuttings and cores, pubiished
and unpublished maps and reports, efc.)

Activities of Bireau personnel directad toward meeting those
responsibilities during the fiscal year 1979 1980 are described
and summarized befow.

information and Assistance

information is made available to the pubkc by (1) publishing
geclogic, mineral resource and other maps, as well as the results
of geotagic studies, (2] keeping unpublished data on open file, {(3)
answering written and telephone inguiries, {4) assisting visitors,
and {5} preparing a quarterly newsletter, Fiefdnotes.

During the year, publications sales totaled nearty $19,100, com-
pared with $17 400 for the preceding year. More than 2,400
persons visiied our offices, and many more telephoned or wrote
for assistance. These requests increased substantially over the
previous yoar.

Geologic Framework

Geologic maps and cross sections are used ta show the geo-
togic seiting of the staie. Theso maps show not only the distribu-
fton of rock and unconsolidated materials, but also, depending
on scale, where folding, tilting, fracturing or displacement by
faults have occurred. A cross section is an interpretation of how a
hypothetical slice through the earth would appear. The fundamen-
tat importance of the third dimension—the structure and dyna-
mics of the earth benoath our feet s all oo often forgotten until
an occurrence like Mt St Hetens reminds us that this earth is
rotinanimeie.

An anticipated Bureau project is an up-to-date, more detajied
geologic map of the slate, The current map, prinded in 1969, is
based largely on reconnaissance mapping that was done during
or prior to the 19505 Making a now, more doetailed state map wili
be a major offor! requiring care’u! planring and many moenths of
work. The first step s 0 prograss —coltecting all available gea-
legic maps and prepanng an index designed to ndicate those
s of the stato that need additional mapping atienion.

Armap showng uncensclidated maierials (aloviurm, sand dunes,
lardshide deposits, talus, etc.) /s being prepared with inancial
assistance from the WS, Geoiogical Survey {LUSGS). The scale of
the meap will be 1:1,000,620 (one inch on the man eguals 16 miles
onthe ground).

Wor< on the state gravity map a0 a scale of one irch o signt
s and a contour interval of fve milligals is nearing completon.
Aseries of more detailed gravily maps aro alsc poing prepared at
& scale of 11250000 (ore inch eguals folr mies) and & contour

“Arieons Bovised Blatutes, Title 27, Chap.

interval of two milligals. These maps are being completed as part
of the Bureau’s geothermal assessment project and in cooperation
with the Universily of Arizena Geosciences Departmaent, with fund-
ing from the U.S. Department of Enargy (DOE}.

Mineral and Energy Resources

Arizona has led the nation in production of capper for many
years. Approximately 65% of the copper produced in the LS.
comes from Arizona mines, Copper also accounts for more than
80% of ihe total annual mineral value produced in Arizona. In
ierms of metal production (copper, molybdenum, silver, gold, lead,
Zing, ele.), Arizona teads the nation. tn terms of the value of all
mineral commodities produced {metals, non-metais or industrial
minerals, mineral fuels), the state ranks about tonth Industiiai
minarals produced in Arizona include asbestos, cemont, clays,
aypsum, halile, lime, pumice, sand and gravel, stone, teidspar,
{ 2aiites, and crudae o gre fuels pro-

dueed in the staie.

Current Bureau projecis include research on the relationships
hetween the occurrence of metals, the chemisiry of the igncaus
ocks to which they refate. and plate tectonics, i.e., the dynamics
of earth structures. Various compilations are in progress: Aninven
tory of known molybdenum oceurrences (funded by the USGS)
has been compieted; & study of other elements, aiso funded by
USGS, has just begun: and a research project on all &rswn ura-
nium cocurrences is being implemenied with funding from the
DOE. One Burcau geolagist has been a parficipant in a University
of Arizona Geosciences Depariment project, funded by DOE. 1o
cvaluate the potential for uranium in certain crystaliine rocks.
The Bureau is also studying the geology of Atzona's industrial
minerals, with most recant emphasis on evaporite depcsits
{malt, gypsum).

Active mineral technology projects include the recovery of min
erals from mine dumps in Mohave County (funded by the U.S.
Bureau of Mines). and a study of metal recavery from supe:
illoy scrap.

A statewide asscssment of polentiat geothermal resources,
fundexd by the DOL, is = its fourth vear, To date, 37 areas have
been identified that are believed to have geothermal potentizl,
studies are heing conducied in seven areas. In
su‘:‘di%ion a Geothermal Resource Map of Arizona ig being pre
pared at a scale of B500.000 (one inch cquals cight miles). The
U5 Depanrment of Watar And Power Resources Service, formerly
the Bureau of Reclamation. funded an assessment of the gea
tharmal potential in the Phoenix-Casa Grande area.

impact of Geologic Factors
Year-n and year-out, hydrologic activity (flooding, etc)) is the
most devastating natural hazard in Arizona, The Phoenix rogion,
far oxampic, has expericneead "100-year floods” for ihree succes-
sive yoars. However, the polential for damaging carthouakes
capabio of affecting parts of Arizona may have booen underest-
mated. Land subsidonce due o the pumpng of groundwater is
boecoming increasingly serious. In pars of central and south-
easiom Anzona., waler levels have bean lowared by rmore than
200 feat since the 1950s because of groundwater withdrawa,
This igwerning has boen accomparied iccally by subsderce of six
02 feet.
ldentificaiion of areas having solertal geologic hazards or limi
taliers s vased on knowedge of the goologie ramaewark, irciud-
Ty rock and uncenseldated materals @tat:
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in the subsurface, depth (¢ bedrock, type of materials present,
location of faults and fractures, groundwater conditions, topo-
graphic characteristios and processes of crosion and deposition.
This reguiras fieid abservation, daia cotlection, geologic mapping
analysis of drill hoie records and other procedures to get the basic
data on which evatuations, interprefations, decisions and applica-
tions can bea basod,

Work in pregress includes the preparation of a catalog of earth:
quakes of historic record and an epicenter map (fJunded by the
Nuclear Regulatory Commissgion and the LSGS), a report of the
1887 Sonora (Mexico) earthquake (the strongest recorded quake

o be felt in Arizonag). and a statewide assessment of potentiai
geologic hazards, funded by USGS,

The final two maps of a 10-map series on appied geology in the
McDowell Mountaing area in suburban Phoenix were drafted and
pubished by the Bureau, Pield work for this project was done by
geologists @t Arizona Staie University.

If you would like more detailed information aboul Arizona's geaol
ogy and mincral rescurces, Bureau projects in progress, opera-
lions, maps and reports for sale or open file information, pleasc
write ar call. Better yei, stop in and ialk with our staff, and, while

youre hore, have a look at our expanded and renovated facilities,
2

MMRRI Pogroms

The Arizona Mining and Mineral Rescurces Research Institute (MMRBRAI) is
directed by Crlo E. Childs as part of the organizational structure of Dean William
H. Dresher. Dean Dresher is director of the Bureau of Geclogy and Mineral
Technology and Dean of the College of Mines.

Mow in its second year of exisience in the Coltege of Mines at
the University of Arizona, the Institule has made progress toward
its peincipal objective of supporting and enhancing the rescarch
ant academic programs pertainiog to mining and mineaal en-
gincoering and science. The Arizona MMBRI is one of 31 slate
institules whers mineral rescurcs academic programs have qual
ificd for federal support through the Office of Surface Mining of the
Department of the interion. The directors of these Bstitutes will hold
their second annual moecting at the University of Arizors in De-
comber of 1980.

The Mine Bociamation Center (MRC) is an integral part of the
MMBERL 0 its first year MRO research was funded at approxi-
mately $150,000, 'md durag 149801981, research fundig will in-
Credassio ng\JO oo,

Five sophomore scholars will he assisied by their sccond
MMBRI schiolarships, during the 19801981 class yearn MMBHRI
fetowships atso help suppert eight post graduate students who
wdre working in the Universily of Adzong Deparimants of Mining ana
Geological Fnginesring, Metalurgical Engineering. Henewable
Matural Roseurces. and Chemical Lrgineering.

To sl the mineral resourees relaied programs of the University
five ouistanding enginecrs and soientists have heen appointed as
MIMBRI posl-dociordl research assockites:

Dr. Martin Karpiscak from the University
lamation Center:

Ur. P K Challerjee from the University of Queeansland,
Australia. Departmaent of Mining and Geologica! Lngingering;

i Arizona, Mine Roeo-

hy Orlo E. Childs

Dr. Woemer Hahin from the University of Arizona, Depariment of
Chomical Enginecring:

Or. Anders Seligren from Chialmaers Universdy of tochnoiogy,
Goteborg, Sweden, Department of Motadurgical Engineering; and

Or. Gersddd Harwood from the University of Arizond, Schoal of
Renewable Matural Hesources.

n a nationwide competition invoiving all 31 MMBA institutes,
five rescarch proposals from faculty of the University of Arizona
were selocted tor funding by the Office of Suriace Mining. These
proposals from tho Co IIL,g(a of Mines woerno:

1. Smeller Bmission Controls: The Impact of Mining and Mearke!
for Acid, Professor Michact Riebor, Department of Mining and
Geological Lngineering: 878,750, one year,

2. Ground and A Wibrations Caused by Surface Blasting. Assis-
tant Frofessor Jaak J. Daemen, Depadment of stining and Geologg-
wal Engineenng: $120,276—first of twe years

3. tactors Affecting Flotation Recovery ')f '\/Iuyu ienite and
Forphyry Copper Ores, Assizlant Professor Srinivisan Raghavan,
Department of Motasurgical Engineoering: $40.327. one year,

4. Characterization md FProcessing of Coal Fred Copper Ne

‘orixeratory Flue Dusls, Assistant Professor Srinvvisan Bagnavan,
Depa.tmc,n! al Metaliurgical Lrgincoring: $36.787- one year,

b Inventory of Hazards of Mincral Lands, U;i"l"] Saielile
imagery and Colladora Data, Assistant Professor C. L, Glass De-
F,ar[mmu af Mining and Geclogica! Lngincering. and Assisiant Pro-

fossor B A Schowengerdt, Departmant of Systerns Engineering:
$2 357 second year of two-year proent

Recent contracis have been lormalized te fund the thirg year of
Arizona MMENRE activities. It is heped that even smore contributons

o research and minera resource education wit Le lerdncoming 4»

ABSTRACTS

Tng following abstracis on Arizena geology were incluged inine
program for the 93rd Annual Meatings sponsored Ly the Goologi-
cal Bucioty of Amorica on Novamber 17 20 1980 .0 Atlanta,

The evolutionary nature of alteration, mineralization, and fluid
charactadstics i intrusion-related porohyey copper deposils of
o."'hwc.v*e.r.f'? Uniled Btates: Beoang, Hichard, AMAX Lxpiora

ol
. I'IJL 30N, AL,

Jav o J. 3nd oithers, Doepl of
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: Arizonsg ""119 Ly
R .-'es;J*‘/ and doepos: af history of the cord
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15 7 Macison W
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Regicnal guciogic events infcred from upoer protorozoic rocks of
the North American cordifiera, Christe Blick, Nichoi i others,
Dept. of Geological Sciencas. Unie of Calforria, Santa Barbara,
Ch.

The relatonshin botween lithclacies and lchnofaung o shatiow
manie deposits of the Kaibab Formation, Northern Anzona:
Oeoourten, Frank |, Dept of Geology and Geopnysics, Univ, of
dtan, Salt Lake City, UT.

Hydfracarbocs i mantic derived amphiiboles, Grand Canyon area,
Aizores Garca, MO and others, Hawaii astitule of Gaopnaysios,
Unse of Hawind Hlonokiy. .|.

fha regional pod f”‘-fu‘{-'.' of argitacuous strata i e Uniter for
radivacive -«._J,Srt,‘ mncaal Donra'es Sega, Instiluie of Naetural

Rescurces and ool of Goeology, Uny of Georgia, Acbang, G4
Jonnson, Keanein 5 Oclabo~a Gealogica Survey and Uny of
Oleako—a Monran, K

sty ol sonoifes in
Guonert, Johe &
Arcuri Tanson, A7
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Land subsidence and qround faifure induced by fluid withdrawal
it irbar areas: Holzer, Thomas |, USGS, Menlo Park, CA
Overconsolidation of clastic aqguifer systems in arcas of man-
incfuced fand subsidenco: Holegr, Thomas L., USGS. Menlo Park,
CA.

Method for estimating land subsidence in south-central Arzona:
Pawelik, David W, Langy, Robert | Baies. James 1., USGS,
Fhocnix, AZ.

s there a Casa Grande bulge and will it cause carthquakes in
Arfzona?: Raymond, Richard M Cordy. Gail £, Tuttle, Gregory M.,
1.8, Water and Powsr Resources Service, Phoenix, AZ.
Mincralogy of the U and Th sites in a uraniferous precambrian
granite; Woodhead, James A. and others, Div. of Geological and
Planctary Sciences, California Inst. of lechnology, Pasadena. CA
U-En-Phies daofopic studies in six congenetic mineral spocios
from a uranifesous precambrian granite: Williams, lan 5.0 Siver,
Laon T., Div. of Geclogical and Planeiary Sciences, California Inst.
of technology, Pasadena, CA.

™

PAPERS

The Museurt of Northarn Arizona sponsored the 33rd annual
Symposium on Southwestern Geology, August 29, 1980, Sevoen-
ieen parsons presented papers, the tittes of which are listed be-
low. Anyone who has questions o desies additional information
about the presentations should contact the author(s) directly.
Prefiminary palecccologic imerpretation of the Green harn rarine
oycle (Cretaceous) in the area of southweslern Black Mesa,
Coconing County, Arizona, Dale Nations and James |, Kirkland,
Northern Arizona Univ., Flagstaff.

Cak Creek-Grand Canyon Permian correlations - preliminary ro-
fiections, H. W Peirce, Bureau of Geology and Mircrat Technol-
agy, Tucson,

Century-long changes in the fluvial systerm of the Hoory Mountains
region, Utah, William L. Graff, Dept. of Geography, Arizona State
Univ., Tempe.

On the growth and form of the Cretaceous oyster Pycnodunts
Mewberri (Stanton), Teresa Bone and Karl Flessa, Dept. of Geo-
sciences, Lniv. of Arizona, Tucson.

Patrofeum oxploration—esults of recent wildcals in catron and
Socorro Co., New Meaxico with implications on oil and gas poten-
tial, Bruce A Black, Colorado Plalcau Gegelogical Services, Inc.,
Farmingion, NM.

Late Cenozoic displacemants along the Verde Faull, southerm
Verde Valloy, Edward W Wolfe, USGS, Flagsiaft.

Caollapse features of the Mogollon Rirm region, Ralph L. Weeks and
Donald G Metzger, Tompo.

Developmont of decp in situ sofl moisture determinalion
techinique, Sheldon [3. Clark, Tucson.

Topographically conirolled duna systems of earth (Navajo Reser-
vation) and mars, Morgan Gray, Camilla K. MeCauley and William
J. Breed, Musearm of Northern Arizona, Fiagstalf,

Geology of Castle Hot Spring, Ken Wohletz, Arizona State Une.,
Tempe.

Now observalions of the siratigraphy and paleontology of the
Verde Formation, Dalc Nations. Richard Hevly and Jerry Landye,
MNorthern Arizona Univ., Flagstaff.

The Paleozoic-Pracambrian uncomformity in central Arizona, L.2.
Knauth and Ed. Stump, Arizona State Univ., Tompe.
Paleonofological inventory of the Statelands Bisti Coal Ming, San
Juan County, New Mexico, b LeMaone, A Harris, D, Wolberg and
R. Simpson, Univ. of Texas at | Paso.

Paleontological inventory, | .a Plata Coal Mine, San Juan County,
New Mexico, D. LeMone, A, Harris, W Comell and B Simpson,
Univ. of Texas at El Paso.

Iriterien report: the hydrology and cfimatology of the Skunk Creek
archasological site (NA-15809) during Hohokam tirme, Richard A,
Farl, Arizana State Univ., Tempe.

Magma flow, hoat josses and brecciation of host rocks during dike
emplacement, Ship Rock, New Mexico, Paul Delangy, USGS,
Flagstaff.

Calcite analysis detormination of dominant stress fiold, Slate
Mountain, Arizona, Alan P Tryjillo and Karl J. Schmud, Northern
Arizana Univ., Flagstaff.

The Muscum of Northern Arizona sponsors these symposia so
thal the resuits of work in progress or work nearing completion can
be made known (o and discussed by others who might have famii-
iarity with this subject. Abstracts are not reguested.
Prans are being made for the 34th symnoesium which wilt e hold in
laie August or early September 1981, Additional information about
the symposium wili be inciudod in future issucs of FIELONOTES.

Fiefdnotes
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