CONTACT INFORMATION
Mining Records Curator
Arizona Geological Survey
3550 N. Central Ave, 2nd floor
Phoenix, AZ, 85012
602-771-1601

http:/ /www.azgs.az.gov
inquiries@azgs.az.gov

The following file is part of the Anderson Mine Collection
ACCESS STATEMENT

These digitized collections are accessible for purposes of education and research. We
have indicated what we know about copyright and rights of privacy, publicity, or
trademark. Due to the nature of archival collections, we are not always able to identify
this information. We are eager to hear from any rights owners, so that we may obtain
accurate information. Upon request, we will remove material from public view while we
address a rights issue.

CONSTRAINTS STATEMENT

The Arizona Geological Survey does not claim to control all rights for all materials in its
collection. These rights include, but are not limited to: copyright, privacy rights, and
cultural protection rights. The User hereby assumes all responsibility for obtaining any
rights to use the material in excess of “fair use.”

The Survey makes no intellectual property claims to the products created by individual
authors in the manuscript collections, except when the author deeded those rights to the
Survey or when those authors were employed by the State of Arizona and created
intellectual products as a function of their official duties. The Survey does maintain
property rights to the physical and digital representations of the works.

QUALITY STATEMENT

The Arizona Geological Survey is not responsible for the accuracy of the records,
information, or opinions that may be contained in the files. The Survey collects, catalogs,
and archives data on mineral properties regardless of its views of the veracity or
accuracy of those data.



ABSTRACT
; g d
SHERBORNE, J. E., JR., Minerals Exp]oration Co., Casper, Wy., R. LJU

" Minerals Exploration Co » fucson, Az., S. J. PAVLAK, T. S.. HELLINGER D. B.
. DEWITT, and W. A. BUCKOVIC, Minera]s Exp]oration Co., Casper, Wy. )

A Major Uranium Discovery in a Frontier Area - The Anderson Mine, Yavapai
County, Arizona

' Uranium mineralization-occurs near the nonthern margin of the present
Date;Creek Basin in.a gentiy—dipping sequence of Miocene lacustrine volcani-
c]aétic-sediments. The uranium 1s assoc1ated With lignites carbonaceous
and 5111c1f1ed tuffaceous mudstones, ca]careous mudstones, and impure lime-

stones and mar]stones The mineraiized units are 1nterbedded with green

tuffaceous mudstones, iight co]ored ca]careous f055111fe s and ‘tuffaceous,

:mudstones and tuffs, and a few thin sandstone and sandy s

minimd*’ ;ons'of approx1mate]y 1 000 by ] 500 m. Th

Vvappreciagie distance QOWH?d]P The miner: d zone ié_ .

thick but 0ccasionaT1y ranges up to 11 m. The mineralization is stacked
in most areas and aggregate thickness in excesses of 15 m are not uncommon.
Most of the mineralization has grades rangino from 0.03 to 0.10% U30g with
an average grade of approximately 0.06%. Elements which appear to be
concentrated nith the-unanium mineralization include arsenic, molybdenum,
organic .carbony:total sulfur, and vanadiun. Other_eiements which are
anomalous in the Anderson Mine sediments include manganese, 1ithium, and
fluorine. In portions of the ore body, there afe considerable variations

in the disequilibrium factor; however, the overall factor is close to one.
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An!ear]y diagenetic origin for the mineralization is suggested. During
compaction and dewatering of uranium-rich volcanic lake sediments the der1ved
fluids probably came into contact with a strongly reducing paludal env1ronment
causing precipitation and fixation of the uranium. Some remobilization into

fractures has occurred in more recent geologic time.

Minerals Exploration Company
P. 0. Box 2674 '
195 Pronghorn S
Casper, Hy 82602 S
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. ~ INTRODUCTION

The Anderson Mine area {is ]oceted Tn the Basin and Range physio=
graphic prdvince approximate]y~72 kilometers northwest of WTckehbqrg;
Arizona (Fig. 1)}. The uranium deposit occurs in Tertiary rocks in the
northern pertidn of an area designated By Otton (1977b) as the Date |
Creek Baéin. This basin, which encompasses an area in excess of 94 .
sz has recently gained natlonal interest as the result of con51derab]e '
land acqulsltlon and exploration dr11]1ng by a number of companles durlng
the past several years, The ma1n stimulus to thws exp]oratlon act1v1ty
was the discovery that uranium mlnerallzthOn at the old Anderson_M1ne f
was coﬁsiderably-mbre extens{ve‘theh'had:prertousjy been'thought\' This
is 111ustrated in a recent pub]lcatlon by the Un1ted States Energy
Research and Deve1opment Admlnlstratlon (]976) whlch states that the
$30 per pound uranium reserves for the entire Basin and Range Province
is 2,800,000 pounds U308,(Tab]e 1). Exploration drilling at the Anderson
Mine indicates that_the'reserves.in this area alone are considerably in -
excess of.this'figure, This 1s stgntffcant in tﬁat it 1ends-credence to
the hlgh uranlum resource estlmates for. th1s prOVInce made by U S E R D. A
in the same pub]lcatlon | | | o

The Anderson Mine area is located {n sections 2 and 9 through 16,

T. 11 N, R, 10 W, 1in southwest Yavapal County on the south side of the
Santa Maria River, This erea s situated at the northern edge of a broad
plateau that has Eeen incised by intermittent streams wﬁiCH]drain into
the Santa Maria River. Approximately ZTQHW of relief is present'in the
general mine area with elevations ranging from approximately 450 m along

the river drainage to 660 m on the plateau,
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Theyclimate in this area'is-characteriied'by hot, dry summers}and hy
short, mild winters. “Annual rainfall is about 20 cm, much of it falling
as thunderstorms in July and August

The most conspicuous vegetation are saguaro;and.challa;cadtiipatoveﬁde :
and Joshua trees, and mesquite, ocoti]]o,and creosotéébushes. Many species
of smaller cacti are also preSent. |

Previous geologic work.in the area fncjudes studfes by Lasky and Weber
(1944, 1949) who.descrfbed the Tertiary rocks of-the ArtiTTery*Mountains
manganese district 25 Km west of the Anderson Mine. The Anderson'Mine
geology and uranium- depos1ts were f1rst descr1bed by Reyner et al.-(1956).
More recently, Otton (]977a b) and Pe1rce (]977) have offered br1ef re-
ports on the geology and uranjum depos1ts of the area Otton is 1n the
process of making a detailed study of the Tert1ary strat1graphy of the -
Date Creek Basin. |

Anoma]ous radfoactivity was first discovered fn'the Anderson Mine
~area by T. R. Anderson of Sacramento California while conducting an
airborne sc1nt1]]ometer survey in ear]y ]955 Severa] hundred c]a1ms were
Tocated after a ground check of the anoma]y revea]ed surface uran1um |
mineralization. A ]1m1ted drilling program 1nd1cated suff1c1ent n1nera]-
1zat1on to justify a small mining operation. This m1n1ng'resu1ted in the
production of 33,230 pounds of U308 between 1955 and ]959 from ore that
averaged 0.15% U308 (W. L. Chenoweth, personal communication, ]977) The
production f1gures are summarized in Table 2. After thlS period, however,
the property remained essent1a]]y idle until ]967 when the claims were

optioned to a major o7l company. This option was terminated in 1968 even

though exp]oration drilling outlined several areas of uranium mineralization. x

This decision was probably influenced by the low price of uranium at that

time and the remote location of the deposit. Prompted by the increasing -
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prdce of uranium in 1974, Minerals. Exploration Company, a who1ly-owned
subsidiary of Union 0i1 Company of California, obtained an option on the
" Anderson Mine property. .fhe c]aims were purchased in 1975 fo]]owing a
drilling program on a 244 m (800 foot).grid which showed the uranium‘
mineralization to be considerabiy more widespread than had previous]y X
been suspected.. Subsequent drilling on a 122 m (400 foot) grid has in-
dicated that the uranium mineralization is laterally continnous. The
data generated from this program has served as the basis for this study
~ More recent dr1111ng on‘a6lm (200 foot) grid has further substant1ated
the 1at r1a cont1nu1ty of the ‘uranium m1nera11zat1on. At present the
company is comp]et]ng the flrst phase of deve]opment dr1111ng and is.
undertak1ng mine and mill des1gn and fea51b1]1ty stud1es ~In add1t1on,
the company has reta1ned consu]tants who are conducting extens1ve studies
of the potential physical 1mpacts the project will have on nat1ve wildlife,
p]ant]1fe water qua]1ty and ava1]ab1]1ty, a1r qua11ty,and socioeconomic
1mpacts on ne1ghbor1ng commun1t1es v |

If all the studies- now underway indioate'the project is feasible,
mine preparat1on and m111 construct1on could beg1n in 1979 and cont1nue
for approximately 18 months M1n)ng would beg1n concurrently, with mill
startup to fo]]ow.]ateﬁin.]980. The nill would operate continuously-
over an expected minimum 1ife of 15 years at a designed throughput rate of
between 2,000 and 2,500 tons of ore per day. The ore’wou]d-be mined
initially by"open-pit'methods with an.underoroond mining operation-to

follow.




GENERAL GEOLOGY

The strat1f1ed rocks in the northeastern Date Creek Basin have an
aggregate thickness in excess of 1100 m. Intrlcate 11tho]og1c variat1ons
and structural re]ationships record a complex h1story of sed1mentat1on,
repeated episodes of volcanism, and nearly gontjnuous tectonism. Even
though complex, the Tertiary section is divisable into two similar strati-

- graphic sequences. ‘Each sequence is charaoterized by a complex assemblege
f' ‘of arkosic sediments overlain. by si]iciC'volcaniclastics. Interstratified
// with and overlying these sediments are flows of s111c1c to bas1c vo]can1c
rocks. The tecton1c 1nstab111ty of the region 1s ref]ected by fo1d1ng,
recurrent b]ock fau1t1ng, and numerous unconform1t1es in the strat1graph1c
section. Particular emphas1s in th1s study has’ been p]aced on the 1ake
sediments at Anderson Mine since they are the principal uran1um-bear1ng

! .
\ host in the northeastern Date Creek Basin.

L —— C——— e 574 4 ——ts

_ o ' STRATIGRAPHY |
\) w;tl-\z #h:, 1\“’ ‘-leI/a." /rf{,ﬁf)t.'}/ <+Vﬂbl?f’*f’h' - fcd,{tnq 3 .
F1ve 1nforma1 strat1graph1c units are recogn1zed in the Poath]e

\S Range i and the northeastern Date Creek Basin (F1gure 3)//}he 1ower, - =1i5

'\
‘séé,xkxﬁ pre-Anderson Mine succession, includes the basal Tertiary rocks and the .

£“< 7 ;“”‘""”“’F;;;;—;\é "A rastra" olcanics. - The upper Anderson Mine -
, ﬂ>ﬁ§?§/; <, Upper (Paleogeng, "Ar v PPeY ottt

é: 12’ " succession 1nc1udes the Lower Miocene Anderson Mine sediments, the "Flat
_'/\-1[ -H e .
cent 7-t Top" c]ast1cs, and \Upper Miocene basalt and agglomerate. Both successions

Mice®" be
Ak
4ntA%;441152 ’uh;onformably over1a1n by P11o P1e1stocene "o]der" alluvium..
(M7 phe Yk |
peal 2 we ¥ Basal Tertiary Rocks (Ta)
oV ot 0.1"‘-("[?' : : ) )
< Q The basal Tertiary rocks consist of up to 110 m of reddish, poorly-

sorted arkosic sandstone and conglomerate overlain by a rhyolitic ignim-

~
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brite and yarico]dred air-laid and water-reworked tuffs. These rocks are
preserved in a series of tilted and down-dropped fault blocks in the
Poachie Range ". . (Figure 4), The.contact betheen the red beds and the
volcanics is generally disconformab]e. In p]aees, the ignﬁmbrite'rests
on an older crystalline complex, but elsewhere it rests on red beds or

tuffaceous sediments.

‘The basal Tert1ary rocks are correlated with the QEEEI—EEEEEEE:§Y the dc“"w*uﬂh

afdve M lowen

Artillery Format1on of Lasky and Webber (1949). This correlation is based Pnr:“’;é

Dnon the re]at1ve stratlgraph1c p051t10n of the unit ang’theﬁgggrelatlon of ::;Az:tgg—
;\)hc& C;g‘:)za zthe rhyohte 1gn1mbr1te 'An Eocene (?') age has been ass1gned to this un1t .t‘&l’fit e
Gt o). Py
f7¢£§§? "Arrastra" volcanics (Tv) - ff: }i7  R L R :i?::::f &

Northeast of the_AndersonAMine the'"Arrestra“ vo1eenics rest directly
on Precambrian (?) crysta]]ine roCks whereas to the northwest they rest
with up to 35° of angu]ar d1scordance on the basa] Tert1ary rocks (Figure
3). The sect1on as descr1bed by Reyner et. a] (]956) cons1sts of a minimunm
of 457 m of th1ck v1tropher1c b1ot1te andes1te thin tuffs,and a basa]
basalt. Also included in ‘the sectlon are a serles of cong]omerates 1nter-v -

stratified with basalt, biotite andesite, and augite andesite flows. Two

dacitic domes locatedfbetween the'Anderson Mine and the Santa Maria River
contributed Targe quantities of tuff and agglomerate to the “Arhastre"
section. West ot Anderson Mine,'the Section contains more water-reworked
vofeanicTastics and fewer flows. The ]oca]_abundance 6f f]ews and the
thickening of the "Arrastra"‘Seetien.fn the vicinity of Andersdn Mine is
suggestive of a proximal source fer most of the volcanics. An Upper

ogene) age is suggested for the "Arrastra® section based on its relative
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stratigraphic position and apparent correlation with the upper part of the

Artillery Formation of Lasky and Webber'(1949). 777
Prior to the deposition‘of,tne Lower Miocene rocks, ovézj;;;_;::;:::> ’

relief developed on the "Arrastra® volcanics in the Anderson Mtne‘area

(Figure 5). In p1aces, thick pateoso]s and colluvial deposits developed

on this post "Arrastraf surface. These debosits are characterized by a

lack of sorting and an abundance of andesitic;fock fragments suspended in

a brick-red clay matrix. As much as-20 m of colluvium filled depressions

on the volcanics in the southern and'eastern parts of the mine areat

Anderson M1ne Sediments (Tma)

The Anderson M1ne sed1ments range from 80 to 150 m th1ck and 1nc1ude

\afgﬂa lower arkos1c member and an upper uran1um—bear1ng tuffaceous lutite Aiéé??

40

N
e

“ onlap the "Arrastra" pa]eoh1gh (Figure 6). The sectlon

é “\{'1 The uppe ‘member 15 divissble Inta%ﬁ Y pper ond howsey Cavbonacerus Hnits, B an lnio:mecP i}&

member. ,\\In the vicinity of the Anderson Mmejthe sediments th1cken C it e, let

a0 Uppey ia(-[- 7od
gradually to the south and west and th1n to the north and east where they , . and

—_— _
dh“b'

it Anderson M1ne__

cv- - e e
has been tentat1ve1y correlated with fang]omerates of the Chapin Wash

Format1on by Reyner et al (]956) Pe1rce (1977), and Otton (1977b)~ The

Chapin Wash Format1on wh1ch may grade 1nto and 1ntertongue w1th the
|

Anderson M1ne sed1ments)1s formed of arkosic sandstones and cong]omerates
interbedded with s111c1c and basic vo]can1c rocks in. the western Date

Creek Basin (Laskey'and webber, 1949; Shackelford, 1976; Gassaway, 1977).

N . g : . V - > /
Lower Member (Tma@)_/ L L

The ]ower arkosic member consists of up to 120 m of coarse, poorly-
sorted redd1sh to_ye]]ow1sh gray arkos1c sed1ments)and locally developed -
<&o]can1c sandstones and conglomerates. Th1s succession represents the

distal portion of a subaerial fan complex that coarsens and th1ckens to

-8-
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the west and south of the Anderson‘Mine - Due to the paleotopography deve«
]oped on the Arrastra volcanlcs, the Tower member thins rapldly and plnches ®
out in the northern portion of the Anderson Mine area. In the southern

portion of this area the Tower member consists predominantly of volcanic

and arkosic sandstones and cong1omerates which grade vertlcally 1nto the -
finer- gralned sed1ments of the upper member. Elsewhere, the 1ower member

is formed prlnclpally of cong]omerates and sandstones der1ved from a Pre~
cambrian (?) cnysta111ne terraln.

Upper' Member ‘ (Tmau)

t” The upper or tuffaceous 'Iut1te member is the pmnclpa'l uramumf |

u‘*% bearing host rock in the northeastern Date Creek Basin. Th]S memher

w ggwamﬂ“represents a'pa1uda'| lacustmE successlon con51st1ng of tuffaceous mud—

go, 1) & : :
t‘gw'jﬁ si»stones and siltstones interbedded with vltmc tuffs micritic 11mestones,
1 Xe

me? ‘g)t 16 angﬂarkos_lc sandstones In the southern portlon of the Anderson Mlne area
W e o
Ve"‘q \::S"“the upper member 1s 140 m thlck and thlns to 80m where the member‘ onlaps

\j\ L
o ",@,o"} the vo]camcs to the north (Flgure 6) Four genera] stratlgraphlc un1ts '
A .
* are recogmzed in this member. A lower carbonaceous unit, an 1ntermed1ate '

clastic umt an-upper-carbonaceous unit, ‘and an upper tuff and hmestone
| {uﬂ Membev Wau(ﬂ bea l;dtev tev‘m : (Lar‘

" KT, Ehese H Cunite)l as Lhe ore Units? %“memée"%d“mf
bv Lower Carbonaceous\gnlt (Tmauy) - The lower unit 1nf1115 local de~ }Qfmed o
v QSH 0"“press10ns~ and and averages. 25 m thick. Masswe green-gray micaceous Fage g
e ol \r,
Vo-{ltkeav «" tuffaceous lutite beds averaglng 1 m thick constltute a major portlon of

o v
&,d“ - the unit, The remainder consists of approxlmate'ly equal proportions of

micritic limestone, marlstone, carbonaceous lutite, and arkosic sandstones.
The 11thofac1es T map (F1gure 7) shows the distribution of these pa]uda?

&
T gee yg;g, warnt the

-9 Meaning wamf and Lake.
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3, and fine- to coarse-grained in the southern portion of the area. Silici-

This 19 VWX uncicay | Do Yyod mean In The L(f?ey

m-emlatr o The Uppev Pav‘["/dthe Lower Carl Submenby

Y

lacustrine sediments in the éggéi;portion of the unit.) The limestones and
/

marlstones, which are found mainly in the western and southeastern parts of
the area, are massive, 1idht greenisthray’to off-white, and occur.mainly

in the upper 15 m of the The thickest and most abundant 1imestones
are found in the southeasténni portion of the Anderson Mine area where they

have an aggregate thickness of up to 8 m. These limestones commonly contain

“comminuted carbonaceous material and grade laterally into carbonaceous g

Tutites to the west.
The lutites, whichvare.composed of massive, gray to black interbedded

carbonaceous mUdstones and thin-bédded carbonaceous siltstones and lignites'

~are the major uranium host rock 1n the 1ower unit Interbedded with: the

2carbonaceous 1ut1tes are 1ight greenish gray to reddish gray ark051c sand-

stones. These c]ast1cs-are fine- to medium—grained in the northern portion

tg*”fdcation and other aiteration products are common throughout the finer-

grained sediments in this unit.

Intermediate Ciastic Unit (Tmauz)‘— The intermediate clastic:unit is

about 12 m ‘thick and con51sts predominateiy of tuffaceous sandstones and
siltstones. The greenish- gray to tan. sandstones are fine~- to.very-coarse .
grained and consist primari]y of'water-reworked~tuffS*and:volcanics: These"

tuffaceous sandstones are interbedded w1th minor subarkosic sandstones in

~ the southern portion of the mine area " The tuffaceous 511tstones are

micaceous, 1ight greenish gray, and massive. The remainder of ‘the inter-
mediate clastic unit con51sts of mudstones, micritic 11mestones, and local

carbonaceous lutites. The mudstones are tuffaceous, massive, and generally

greenish-gray in'coior. The -micritic limestones are thin-bedded, and off-

—'.I 0—



white in color. AAflithofacies”"'map L. . of the upper part of this
unit shows finer;grained-sandstones'to the northeast, and the confinement
of limestones and marlstones to the_western and”southeastern_parts of.the
mine area (Figure 8). ‘The carbonaceous'lutites grade_intotthe over1yin§
unit and are confined mainly to the upper portion of this unit (Figure 6).
In this unit only minor si]icffication has been recogntzed in'association
with the 11mestones, marlstones, and f1ner gra1ned c]ast]cs. |

Upper Carbonaceous Unit (Tmau3) = The upper carbonaceous unit 1s . the -

most 1atera11y continuous un1t in the middle member with 1nd1v1dua1 beds

| extending for'over-500 m. Th1s unit is- approx1mate1y 20 m th1ck and
cons1sts ma1n1y of tuffaceous mudstones ‘interbedded w1th subord1nate
amounts of carbonaceous 1ut1tes tuffaceous s1]tstones, and m1cr1t1c lime-
stones. The remainder of th1s un)t is formednof;tuffaceous s1]tstones,
marlstones, vitric tuffs, and'a minor fraction of sandstohest” The':]itho;

facies. =~ map (Figure 9)-of the midd]eioortion of the unit shows the Wtde

distribution of carbonaceous 1ut1tes and 11mestones and(the abundance of \

tuffaceous c]ast1c sed1ments in. t~-'northern part of the area.

11ght green1sh gray in

The tuffaceous mudstone beds are’ massqve

color, and contain carbonaceous rootlets and remnant pum1ce fragments

These beds which average less-than 1 m th1ck form up to one- th1rd of the

d’, 3. unit in the southwestern part of the area. The abundance of organic COLJX éeckqwqg

\ﬁzﬁsqéy structures, oor-sort1ng and massive character of the mudstones is in-, From wesion i
Y . ' OETuftls in

fﬁkw ' <§EE§£E;E of 'the gradual influx of tuffs washed in From surround BhePrrastra

. — . t e The narth, |

ing uplands. oo we those 2 cjuwuazshzu:;u (Auﬂ&u222~t-a\“ ?7 .
Carbonaceous and 1ignitic Tutites form about one-third of the carbon-

aceous interval in the central mine area. Proximate analyses of these X

-n-
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lutites indicate the impure quality of much of the carbonaceous and lignitic
material (Table 3). The ca%bonacéous interval, though rarely exposed at the

surface, crops out immediately above the "Arrastra" volcanics in the norgn;a_ o
. - o

. . : ) . 'TT—,W\“/ stvatgraph I
central part of the mine area (Figure 9). This fection)includes the lower wxit op

carbonaceous bed described by Reyner et al. (1956),/and also the most s1gni-MSectin,?

icant . . T e . o . \ & Doss £bvs mean in The
@mnerahzatwn in the Anderson Mine area.y ™% .= o' "A%C sl marnber
. Or This Ayree. g

Commonly interstratified yith carbonaceous beds are tan, gastropoéff??ﬁfm'"*?

tuffaceous marlstones that locally form up to one-third of the carbonaceous

interval. The tan marlstones in both the upper and(igﬁiikiiiii;ifffgi>u;;%SEQeant%.

are characterized by a strohg petroliferous odor when broken. - né]yses oflgiziﬁﬁid,
~ the gés_derived:ffom;thesé1ﬁaflstones show an abundance of Hydrogen sulfide

~and carbon dioxide. ;+61ifﬁé'éaéifthe$e mar]StonQS'and carbonaceous beds

grade and intertongue into*micrﬁtféTfimé$t¢hésf(FiQUrev6). 7The 1iméstone

beds are up to 1.5 m thick and are very 1ight.greenish—gray to off-white

;n color. Varying amount of ‘tuffaceous and pumiceous material dre'inter-

spersed inﬁtheSei]iméStoneé. éFdSsiis.Commonly found in these beds include

fresh-water.peiecyppds, gastropods,_Sma]];fish, and rush€1ike plant matefia];' :

Locally, these mésstéﬁ]iﬁéstoneévqrg:diﬁfi§u1f fo distingﬁﬁsh from‘masSiye 

calcareous vitric tuffs. o | b | | o

The vitric tuffs are typica]iy wafér-]aid, and.arermost:abundant:insr-'

the northﬁestern ahd,northern parfé of the mine area (Figure 9); These

silicic tuffs are medium- to fine-grained, and occurkprimarily in the upper

part of the unit. Most tuffs grade 1§tefa11y into tuffadeous Jutites and

are biofurbatéd ahd watér—rewofked; A-pSeUdo¥éutaXiffc texture is'chafacter-
“istic of a few tuffs replaced by silica and clay minerals, Eut is atypical

of the calcified tuffs. _ o . N N
Ts s licy 61 cation aujm( ;’/_'_‘:“ Caﬂf”“ap Te -ﬁ.he— Tdﬁf, + “+h
Sub membeor, Tt is noted on ?471‘.’, o ‘el"_".'lt:éht €ine 7,4\hec9 5~6J1m‘€‘r‘15‘ Of s
howev mewmber ave sihieifred and on poge Il that oy Ininer Silrcficalion

hag been noled iv the Lntemediate C/as‘ﬁfc Sub member,

roligraph ic

%auw) haws
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Upper Tuff and Carbonate Unit (Tmamg) - Up to 80 m of the upper unit

is preserved in the Anderson Mine area. This unit is formed largely of
tuffaceous 1ut1tes, reworked v1tr1c tuffs marlstories, and micritic 11me-
stones (F1gure 10). The tuffaceous 1ut1tes are greenish- gray and massive,
comprising the largest part of th1s un1t The tuffs are similar to those
in the under1y1ng carbonaceous unit, except that some are yellowish- to
pinkish-gray in color.. A few thin Tapilli bear1ng pum1ce tuffs are recog—
‘nized in the northeastern mine area, The mar]stones and limestones are
massive and off-white in color, and occur;main]y ih the eastern and
southern mine area (Figure‘TO) -Reyner et al. (]956) recogn1zed a re]a-
t1ve]y perS1stent thin- bedded mar]stone that occurs near the top of the

" section. In much of the subsurface th1s mar]stone is not preserved. A
few thin carbonaceous beds wh1ch are rare and 1atera]]y d1scont1nuous
(F1gure 6) occur in this unit. The remainder of the un1t cons1sts of
minor poor]y sorted tuffaceous sandstones

Rep]ac1ng ]1mestones -and 1ut1tes in th1s un1t are beds of chalcedony

up to 1 m th1ck These beds and'the assoc1ated carnot1te fracture -filling
are preva]ent features 1n the o]d pits exposed at Anderson Mine (F1gure 11).-

AThe carnotite, though the most consp1cuous type of a surface m1nera]1zat1on,
forms only a small proport1on;of.the total uranium mineralization at
Anderson Hine.

A Lower to Midd]e Miocene'age is suggested for the Anderson, Mine
sed1ments by the presence of Hem1ngford1an aged (17- 21 m.y. ) vertebrates
(Lindsay and Tessman, 1974) and the relative strat1graph1c position of
the unit. The tentative corre]at1on of these sediments to the Chapin Wash

Formation and to Miocene (]7.91_0.5 m.y.) silicic volcanics described in

Shackelford (1976) and Gassaway (1977) also lends credence to this age.

WHAT ABoUT The Two OTHER. STRATIGRAPHEC
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Z‘W\a"‘ago“ e pa]eoh1ghs southwest and west of the Anderson Mine area part1a11y 1so'|ated
of
,,9{ aﬁ‘ Jf’thls area from the main part of the

Lower Miocenef Basin (Figure 5). These &
60‘ ‘,\f\ & 0\‘@ POV-é‘ -

ﬁev’q\{,’”‘\hmhs 'Iarge'ly confined the depos1t1on of fanglomerates of the lower member Is Zhig

ain Ry
\ot;;"\, to areas southwest and west of the Anderson Mme area. As thefLower Miocene /o, oo,,yyou

s Mec\mﬁve
basin fﬂ'led the 'Iacustrme environment of the Upper Anderson M1ne member  /ower Miccene

Member oy
\\ expanded until it extended beyond the present day limits/of the Date Creek the lowey

B ? Partion of
t‘ %' Basin. Subsequent erosion of these Lower to M1dd1e M1ocene 1acustr1ne sedi- the Miocene

- Basin
—Basin,
ments @ great'ly d1m1n1shed ,the1r present\ d1str1 but1m How can Yot Freatly Aiinish

_ : Zheir P@@n”: dvsfwéu.tco.t
Dur1ng this Early to M1dd1e Miocene t1me s1'|1c1c vo'lcamsm from local 4nless Ehey

fa‘f:equey‘fc
19 ‘1} Vosuam 5
e “and distant vo'lcamc centers contributed 1arge quant1t1es of air- fa'l'l debr1s ed
,0025"‘ UL th'eéri'uye,
“-\\ to the Anderson M1ne env1ronment. S1'|1c1c flows and 1gn1mbr1 tes which g
" erupted from 1oca'| centers in the reg1on appear to’ have been confmed to \
relatively small areas margma'l to the more extensive fan and 1acustr1ne \ |
env1ronments. Rhyolitic rocks of th1s prox1ma'| vo'lcamc fac1es wh1ch occur) :
40 to 50 Km west of Anderson Mme have been- descrlbed by Lasky and Webber 2fve
o '--(:kese the
(1949), Shacke'lford (1976), and Gassaway (1977) _— Q'iqmim'e(f&rtes-
— Nrelx <
The 1atera1 _deve]opment of the paludal facies in the Lower and Middle +j,o Eocey\g'
Miocene lake sediments near palechighs in the Anderson Mine area was in- Ad_”“)’ Ff"?l’
luenced largely by flucuating lake levels, eposodic vo]canism, and changing ,;
3 1‘:4 rates of coarse clastic sedimentationfl)_uring periods of restricted ciastic
113 : — : : .
uic{’ewout deposition, lowering lake levels, -and quiescent volcanism the paludal facies
it 62 _ _
g7

SR expanded as characterized by the accumulations of the 1ower'and_upper' carbon-

aceous units (Figures 7, 9). During periods of more rapid sedimentation,
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The genera] conflgurat1on of the Lower M1ocene Date Creek Basin closei////)

resemb]ed_thg~ljm1t§\gfhthe~present .basin in the v151n1t{_of—ﬁnderson_ybne.
Vx&e“ £N%L The paleohighs southwest and west of the Anderson M1ne area part1a1]y isolated
7762955 this area from the main part of the Lower Miocene Bas1n (F1gure 5). These
Avrij ¥ h1ghs largely confined the deposition of fanglomerates of the lower member
. to areas southwest and west of the Anderson Mine area. As the Lower Miocene

. basin filled, the 1acustr1ne env1ronment of the Upper Anderson M1ne member

J??fi a*a. O"l‘-\ \p

xpanded until it extended beyond the, present-day limits of the Date Creek _ .
» utdet Ao Au77aat a baguen of Aifferent” C‘Wiﬁmm Preoents cla {eame.
”9ﬂ1h 6aul Basin. Subsequent erosion of these Lower to Middle Miocene 1acustr1ne sedi-

LT H"‘-‘b“’ 6"‘5’\;{' Seaien e td ,&.u-a /uauw /’m ,47.:&/& o 2 A M -
! AN . -
"7 o ‘mwynmnts has greatly diminished their present d1str1but1on S o c{;%;qﬂ_tii |
vw? <! sﬂ' Qoersni Comin Tporaptys -
S t"“ ~ During this Ear]y to Middle M1ocene t1me s111c1c vo]can1sm from local f
" |
4 /6' :
ack"// ‘and d1stant volcanic centers contr1buted ]arge quant1t1es of air- fa]] debris §
}
‘JQ & .
?;Q’t§3€;_ to the Anderson Mine environment. S1]1c1c flows and 1gn1mbr1tes which j
"\ ﬁ,t g(.'"s 1' L !
%ivs %2330' erupted from local centers in the reg1on appear to have been confined to - ;
Df L :
Dﬁ26q~ relatively small areas marg1na] to the more extens1ve fan and ]acustr1ne o ' j

environments. Rhyo11t1c rocks of th1s prox1ma] vo]can1c fac1es wh1ch occur
40 to 50 Km west of Anderson M1ne have been descr1bed by Lasky and webber _A,‘
(1949), Shackelford (1976), and Gassaway (1977) |

The lateral deve]opment of: the paludal facies in the Lower and Middle
Miocene lake sediments near pa]eoh1ghs in the Anderson Mine area was in-
fluenced largely by flucuating 1ahe 1eveis, eposodic vo]canism, and changing
rates of coarse'cTastic_sedimentation._ During periods ofprestricted clastic
deposition, 1ower%ng 1ake>1evels,iand quiescent vo1canism the paludal facies

‘expanded‘as characterized by the accumulations of the Tower and upper carbon-

aceous units (Figures 7, 9). During periods of more rapid sedimentation,
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the paludal facies was e]iminated or reduced to restricted areas adjacent
to paleohighs as characterized by the intermediate clastic unit (Figure 8).
ﬂ??ﬂvdﬁ%}l& During high water levels and non- restricted clastic deposition, the paludal

l5 ‘V* e env1ronment was 1nundated and covered as characterized by the accumulation
‘Le‘;t’ Jon 543

D‘?cﬂ AWA of much of the upper unit (Figure 10)
go¥ The dep051tion of only limestones, marlstones, and other lacustrine
| sediments in the eastern and western parts of the Anderson Mine area is

reiated to the development of paleolows by- the apparent down-dropping of

‘Tocal grabens and the erosion of va]]eys in these areas prior to Anderson

Mine sedimentation (Figure 5). The greatest deve]opment of 11mestones and

b Jt mar]stones occurred during periods of restricted c]astic sedimentation abun- _}4

:?“:“L {f;?%w dant invertebrate faunas,-and rising 1ake~]eye]s, as characterized_by_the -
fihjf;:e5“ deposition of much of the upper tuff and iimestone unit (Figure 10).?10ﬁ1y
e mildly alkaline conditions are suggested for the Tacustrine sediments by the

fossil assemb]ege the 1ack of primary saiine minerais, and pos51b]y by the ™
authigenic mineral su1te at Anderson Mine The presence of clinoptilolite,
hectorite, and illite may be 1nd1cat1ve of a somewhat alkaline environment

or may resu]t from the - diagenetic a]teration of these sediments (Hay, 1966). .

ﬂ"f Z)JCS €
An abundance of palm remains is indicative of. tropicai or subtropical Lound i TA%

Ls Marlst, How

p&% +his {;,{ffg::?
€
A model of the Anderson Mine- -type of depositional environment is de-ejjfhas

:»myrafi

conditions.during'Anderson Mine-sediment-depos1tion;~

picted in Figure 12. This model, though generally analogous to the regiona]
setting in the Date Creek area, .is not exclusive to west- centra] Arizona.-
Similar settings occur elsewhere in the Basin and Range province and in
other silicic volcanic regions in the western United States.- The most -

significant aspect of this depositional model from the standpoint of possible
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ur'anium‘accumulation is the development of paludal sediments. The formation
. “and preservation of the carbonaceous strata resulted from the accumulation
of abundant plant material as the.Tacustrine environment gradually onlapped
the and covered the paTuda] env1ronment in restricted areas along the marg1n of
,.u\"” t“M t{he basin. The occurrence of uraniferous- bear1ng voTcan1cTast1c lake sedi-
gwﬁco\ﬁ“‘ﬂ ments 1nterbedded with these paludal sediments appears to be the most
\L‘t\”

& f;\“?mportant geologic condition for the formatwn of a. maJor uranium accumu-
A ;h"f "z,t lation of the Anderson Mine-type. | '

0" W
'k a‘b "Flat Top" Clastics (ch)

J

Unconformab]_y over]y1 ng the Anderson Mme sedlments is a th1ck upward

0, ( 0,6
?)\ coarsemng success1on of arkosic sedlments up to 170 m th1ck in the Anderson
\ﬁ&
\,{”& ¢ & Mine area (Figure 6) This unit is composed Ta-rgeTy of gray1sh-orange'-to .
! SANII

" q@ ‘J"‘} yeTTow1sh brown arkosic sﬂtstones, sandstones, and conglomerates, interbedded
\o{ <\r~

with minor reworked greemsh -gray sﬂtstones that are well exposed near FTat

< .
“\' S/ Top (Figures 1, )'. The f]ner gralned cTast1cs fﬂT an east- west trendlng

;0’ \\\”"74 channe] that was scoured as much as 100 m into the Anderson Mine section

‘J’ {’fo

p‘-“ ," ‘J?‘“T - - == Ll ho
1{\ & (Figure 13). 'ETsewhere in the reg1on thls phase of sub . “FTat Top" erosion ew,t“wﬁ
\ax);‘d:p”{b to have el iminated much of the L e The St
\2, &appears 0 ave e iminated much of the Lower. M1ocene sect10n. alse? Region |
79 e tlj
o A{“B The "FTat Top" sect1ons 1ncTudes brown to buff siltstones interbedded .. Wow)?

LJ\“ L
e ﬂ&

5;‘ 54 ’waélocaﬂy with fine- to coarse-grained arkosic sandstones that grade upward - !
gl o i
{)\C‘l \U" amto pebble sandstones and conglomerates. Most‘coarser clastics that fill |
0
a»\@ St local channels in the section were derlved from the Precambr1an (?) crysta]-
LY »\\6 \V{
o

a
0 ?« X volcanic highlands as recognized by Reyner et aT (1956)

e&o‘;‘b . '_‘_

‘YY‘?I\ The "Flat Top" clastic may be correlative to part of the Chapin Wash

line compTex. A minor amount of material was also der1ved f’rom the older

Y /(fio‘“ Formatwn of Lasky and Webber (1949). Based on the relative stratigraphic
Qo
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position, and associated structural events, the age of the "Flat Top"
section is likely Middle (?) to Late Miocene.

Basalt and Agglomerate (Tmb)

Unconformab]y overlying the "Flat Top" clastics is a succession of
agglomerate, conglomerate, and basalt. The basalt and mud-flow agglomerate
rest in.local channels eroded into the "Flat Top" sediments. Local water-
reworking of the aggiomerate produced poorly-sorted sandstones and conglom-
erates. The vesicular flows of basalt are up to 30 m'thick hut pinch out
locally. An average age of 12. 5 m. y has been determined by Otton (1977b)
for these flows. The success1on 1s ass1gned an Upper M1ocene age. and is
tentat1ve1y correlated w1th the "Late Tert1ary basa]t" descr1bed by - |
Shackelford (1976) in the Rawh1de Mountains, and likely with the Cobbwebb N
basalt or the basa1t of the Sandtrap Wash Formation of.Lasky and'webber |
(1949) in the Art111ery Mounta1ns (F1gure 1).

Older A]]uv1um (Qts )

The o1der a]]uv1um rests unconformab]y on the above units (Figure 6)
and is composed pr1mar11y of Precambr1an (?) crysta]]1ne derived mater1a1
intermixed w1th m1nor amounts of vo]can1c fragments (F1gure 6)~— These q;
moderate]y well-indurated fang]omerates consist ma1n1y,of poorly-sorted,
iTe d d bb1 b d.cl The basalt Llagls in This etnC ave (/f:.»lf
/4)’170‘ b to (well-rounded, pebble. to cobble-sized clasts. 4’327,“!:,;?2}”"’5'"7 that Ehe 077i~w 0 as
A Plio- P1e1stocene age is ass1gned to this unit based on its degree
of induration, structura] t11t1ng, and apparent lack of offset by b1ock '
fau]t]hg Th1s alluvium is tentat1ve1y corre]ated with the older a]]uv1um
of Shackelford (]976) in the Rawhide Mountajns, and with a port1on of the
Sandtrap Wash Formation defined by Lasky and Webber (1949) in the Artillery

Mountains.
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Younger Alluvium (Qal:)

. The younger alluvium in the mine area (Figure 13) includes unconsol-
idated valley-fill and scree that occurs tn'and near tributaries of the
Santa Maria River. Most'of the a]]uviom consists of unconeolidated, locally
eroded volcanics and reworked conglomerates.

STRUCTURE AND DEFORMATIONAL HISTORY
© Three periods of Tertiary deformation are recognjzed in the region.
The first eyidence of strong differential uplift is the:sub¥"Arrastra"i
unconformity that'precededVthe.eruption'of the "Arrastra" volcanics. The
‘greatestidifferentiaituplift:and:folding occurred along a weeténorthwest-
trend'that nearly parallels the present Poaenie'Range : During this tine.
the basal Tertiary arkoses were tilted up to 350 to the south along this éﬁ&ar

| 5 ms &
ancestral trend. k}l«{ uP[léf Whaf Ew‘%gme ee
£o Jast Sey Defor maliovt

The second per1od of uptlft,and deformat1ontfo]1owed the eruption of ﬂwudw

the "Arrastrau-vo]can1cs.]n_1atet011gocene or early Miocene t1nE;:3 Sub-

(/o/t:an165
ave Mfd/lj

sequent Miocene Anderson Mine depositional patterns and the post “Arrastmf'ﬁétﬂ?%“

pa]eogeography (F1gure 5) suggest that a northwest trend1ng norma] fault Are Corveld,
t"\‘{ ;c the qun
t €
ﬂfbbﬂl 6system wh1ch c01nc1des with more recent Bas1n and Range fau]tlng was act1ve “;ié;
//aw rove Rﬂ_el’l{' l ) B“élﬂ | Z&mfne {a u It"7 ; dre on ?“;t
Fhan OID?’O -~ M.oeene,? _ 74;4‘{' 8

A third periodyof deformat1on began: following the: 1nf1111ng of the

!
W ot

during this period.

Lower Miocene basin, and occurred prior to and after the eruption of the

I < 1eu{s Miocene basalt. The apparent reversal of local paleo-drainage patterns,

, Rs
ylsvl :} dnir;he deve]opment of over 80 m of local relief f0110w1ng Anderson Mine
~av

50 ”f‘»dedep051t1on and the rejuvenation of fan comp]exes dur1ng "Flat Top" sed1-

o
z?z;cﬂ‘ \d%mentat1on is Tikely related to the inception of faulting (Figures 6, 11).

t:DV\

|2 C"éofn*‘ Most younger fault trends co1nc1de with the older post "Arrastra" struc-

Jir

tures, even though a number of older apparent "Arrastra" offsets appear -
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to have been reversed. The trend of most normal faults is N. 450W. Scissor-
type displacement. is common along these zones with reversals occurring along
an axis that closely parallels the Santa Maria River. North of the river,
relative displacement is down to the northeast, and south of the river d1s-
placement is down to the southwest between Anderson Mine and Palmerita Ranch.
Most blocks in this area are ti]ted down to the southwest;. The fault zones

are comp]ex, with a number of second order fau1ts sp]ay1ng off from the -
general N. 45°w trend (Figure 3) features such as horsts and )
grabens are common along these trends; _ why s<°°"&av7 Hwbdmat “Resaltait

In the immediate Anderson M1ne area the sect1on has been ‘rotated down
to the south along the southern extens1on of three sc1ssors fau]ts (F1gure

3). The southern reg1ona1 d1p of the. Anderson Mine sect1on averages approxi-

‘Locally, however, some beds—ha;e“heen\y

mate]y 80 and ranges from.0° to’ 140

__//
rotated up to 450 along fault zones and on slump b]ocksﬁ D1sp1acement '
/_,//
A I
Ffiz;%? along a fault in the east centra] part of the mine area decreases from 70m’
[

in the southern part of the property to no d1sp}acement near the Santa Maria
River (Figure 12).. Most disp]acement.on'this'fau1t occurred prfor to:the'
eruption of the Mfocene basalt. Considerably more offset has:occurredf-.

along scissors fau]ts west of.Anderson-Mine prior to and following the

eruption of the Miocene basa]t.f_Numerous~sma11.sca]e,'northwest-trending;_- -
faults with less than~5 m of disp]acement have sheared and fractured much

of the sedimentary section across the mine area. Other shearing and fold-

ing is associated with the recent'slumping of strata in the mine area.

—
One re]at1ve1y 1arge open synclinal fold is present in the western part of -

3 1:“'% the study area (Figure 13) T—-l—-'oTlo\f\.nng the above period of basin and range

Qilha,
134 +he faulting only minor uplift and southward tilting of the Pl1io-Pleistocene .
Pesutd% D“Yt v‘\? HWA‘J’W tl ‘)[As‘t
t“"o\ Vet fang'lomerates ("o’lder" alluvium) has occurred. .

s one wnil,
-19- ‘
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URANIUM MINERALIZATION

The uranium deposit at the Anderson Mine is a stratiform, blanket-
type deposit occurring»within and in proximity to carbonaceous lacustrine

sediments. The deposit has minimum dimensions of approximately 1,000 by

1,500 m and may extendlan“appheciable-distance down-dip into the subsurface

to the south. Most of the:nineralization occurs in 1 to 3 m thick zones

wh1ch, in h1gh1y m1nera11zed areas, have compos1te th1cknesses in excess

‘t Yaﬁ {%ﬁ of 15 m. The average grade and th1ckness of the uranium resources at the

A
Al

47

Ql

. "Anderson Mine are summar1zed in Tab]e 4 It shou?d be emphas1zed that

_these figures do not const1tute average ore grades and th1cknesses for the'

deposit since deta11ed m1n1ng feas1b1]1ty stud1es have no//&%ﬂ?been com-'
pleted. ' o

The majority of the uranium mtnera]ization_is associatediwith carbon-
aceous lutite beds in the two carbonaceous units of'the’Upoer AndersOn Mine
member. .It a?so oocuré in the mar]stones;'limestoneﬁ, and tuffaceous
lutite beds 1nterbedded with or 1atera11y adgacent to the carbonaceous :
Tutites. Many of these 1nterstrat1f1ed beds conta1n f1ne1y comm1nuted car;
bonaceous p]ant material and abundant silicified rush-like plant remains
and gastropods. | |

The areal distribution of the minera]izationtié illustrated in Figure

"~ 15 which is a grade-thickness product contour map. The tabular configu-

ration of the deposit_is,evident, Two simp]ified.cross-sections (Figures

.16, 17)'show the lateral continuity of the uranium mineka]ization.' It was -

not possible to show details of the lithology on these sections, but the
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mtnera]dzation is continuous across facies boundaries and locally cross-
cuts the bedding. A comparison of the grade-thickness map (Figure 15) and
an isopach map of the carbonaceoys sediments (Figure 18) suggests a close
spatial re]ationship between the carbonaceous sediments andithe uranium
mineralization. In addition, the most significant areas of uranium mineral-
vization appear to coincide with the greatest thicknesses of carbonaceous
material. These features indicate the importance of the pa]uda]'envfron-
ment in the 1oca1izationrof the uranium minera]ization at Anderson Mine,
The extension of m1nera11zat1on beyond the apparent boundar1es ‘of the car-~
. bonaceous sediments- 1s s1gn1f1cant and may suggest the f1xat1on of uran1um
}by the lateral migration of hydrogen su1f1de gas generated from the car-
bonaceous sed1ments |

Both oxidized and unoxidizedAuranidn'nfnera]ization is reeognized at
Anderson Mine. The unoxidized minera]izatfon chiefly occurs.fn the upper
and lower carbonaceous un1ts and is rarely exposed 1n the study area. It T
ranges in grade from 0 03% to 0. 10% U303 and probab]y averages .06% U30g.
The oxidized uranium. m1nera11zat1on wh1ch 1s the m1nera11zat1on prev1ous]y :
1dent1f1ed by.Reyner.et al. (1958); Otton (1977a), and Peirce, (1977), 1s_'
found mainly.in the northern part of the mine area. It occurs pr1nc1pa1]y
in silicified 1imestones, marlstones, and tuffaceous lutites overlying and.
lTaterally adjacent to the nnoxidized mineralization. The oxidfzed uranium,.
which usually occurs in small irregular masses or as minor 1ate—stage
fracture f1111ngs, probab]y has an average grade of greater than 0 10% U308
Select - samp]es of this carnot1te m1nera11zat1on have assayed greater than |

30% U30g- ' LT May be Tyuammibe
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Previous production from the Anderson Mine for the years 1959
through 1959 totalled 33,326 pounds of U30g from ore that averaged
0.15% U30g. In addition, 10,055 pounds of vanadium were recovered
from the ore (W. L. Chenoweth, personal oommunication, 1977).

MINERALOGY

Severa] ana]yt1ca1 methods vere used to identify the unox1d1zed
and oxidized. uran1um minerals at the Anderson Mine. In1t1a1]y, the
: d1str1but1on of the radioactive minerals in all the unox1d1zed samp1es
.was determ1ned by autorad1ography; The autorad1ographs showed f1ne1y
disseminated rad1oact1ve m1nera11zat1on (F1gure 19) wh1ch was Judged to be
too: fine- gra1ned to obta1n su1tab1e samp]es for X-ray d1ffract1on ana]-
ysis, therefore e1ectron m1croprobe ana]yses and microscopic stud1es were -
initiated. " These studies indicated that the unoxidized uranium m1nera1-.
jzation cons1sts of uran1um s111cate with a h1gh1y var1ab1e uran1um to
silicon ratio occurring in. intimate assoc1at1on w1th carbonaceous mater1a1
The uranium content of this uran1um silicate m1nera] was found to range
from 4% to 20% The chem1ca1 compos1t1on of this mater1a] suggests the _
m1nera] coff1n1te and an attempt was made to reconf1rm th1s by ‘X-ray -
analysis. One samp]e of b]ack, sooty material with a high uranium content
4(detehmined from electron microprobe analyses) was isolated from a carbon--
aceous tuffaceous mudstone unit. The x-ray ana]ys1s of this uraniferous
materiallshowed'no evidenoe for any uran1um m1nera1. Th1s 1nd1cates that
‘the uranium minerals are very poor]y crystallized to amorphous or too finely
dispersed for conventional x-ray techniques (Breger, 1974). No autorad1o- .-
graphs were made for the oxidized uranium minerals as it was easily re- . —
cognized in surface samples. X—ray-ana1ysis of this uraniferous material

gave a perfect pattern for carnotite.
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The uranium silicate mineralization, which has only been identified

in the subsurface, is generally associated with carbonaceous material.
Photomicrographs and:microprobe scans (figures‘zo, 21) reveal uranium
silicate and carbonaceous material occurring either as fineiy disseminated
in the matrix or as discontinuous and sbmetihes contorted veinlets and
patches. It is interesting to note that very little uranium mineralization
is associated with carbonaceous material which still retains cell'structure
(Figure 20). This may indicate'mobi]ization of the potEntia]]y‘mineral-
ized humic ac1d fract1on of the carbonaceous mater1a1, as 1mp11ed by Szalay
(]964) poss1b]y dur1ng d1agenes1s _ The resu]tlng ore_textures are similar
to those descr1bed by Granger et a]..(]961) for the Ambrosia Lake deposfts,
where the uranjum is conf1ned to a v1tra1n ]1ke mater1a1 wh1ch 1oca11y
surrounds cellular carbonaceous material.

The carnot1te m1nera11zat1on occurs as f1ne coatings and coarse
fibrous f1111ngs a]ong fractures and bedd1ng planes ‘in surface exposures
and in sha]]ow core ho]es (Figure 13) - This mineralization ¥s confined
to fractured and s1]1c1f1ed ]1ght co1ored ]ut1tes, tuffs, 11mestones, and
marlstones in the ox1dat1on zone:. Carnot1te has prev1ous]y been recogn1zed
‘1n the Anderson Mine area by Reyner et al. (1956), Otton (]977a), and
Peirce (1977). - .

ALTERATION

Anderson Mine member sediments have undergone extens1ve diagenetic
s1]1c1f1cat1on calcification, zeo]1t1zat1on and c]ay format1on The
alteration, which has affected the ent1re ]acustr1ne un1t varies in both
intensity and type across the study area.

Silicification is the most common form of alteration and is found in
all units except the lower Anderson Mine member. It appears to have begun

early and continued throughout the diagenetic history of the sediments.
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The initial stage ofusi1icification resulted in the dissemination of fine-
grained multi-colored chalcedony in _the sediments, the replacement and pre-
servation of delicate fossil forms (chiefly gastropods and ostracods), and
the association of silicia with disseminated uranium-in'carbonaceous plant
‘material. Most of the carhonaceous beds have been partially to completely
silicified. 1In general, the strong silicification has penetrated a few
tens of centimeters into the carbonaceous beds at the upper and loner
contacts of these beds with the enclosing sediments. 0ccasiona11y, entire
beds of carbonaceous mudstone and s1]tstone have been completely s111c1f1ed
| but there seems to be no direct corre]at1on between degree of silicification:
Vand 1ntens1ty of uran1um m1nera]1zat1on

A later phase of s1]1c1f1cat1on occurred subsequent to ep1sodes of
Miocene faulting and may have cont1nued 1nto recent t1mes This more recent
silicification is character1zed by local void and fracture filling by
'chalcedony resemb]1ng Jasper, cr1stoba]1te (?) and opal. Much of the
carnot1te m1nera]1zat1on found” 1n vo1ds and fractures appears to have been
contemporaneous with this ]ater stage of s1]1ca format1on

The most extensive s1]1c1f1cat1on 1safound predom1nate]y:jn the tuffs

and carbonates of the upper unit of the Anderson Mine member. These beds |
. have been exposed by.erosfon a]ong;the,northerndedge3of_the~basin;-1rregu]ar :
and locally discordant masses of varicolored cha]cedony have rep]aced 1ime-
stones, mar]stones and tuffaceous beds in the upper unit and occasionally
some of the bedS'in the upper carbonateous unit. The intensity of this -
silicification may'have resulted from the eVaporation of siltca—rich fluids
which could have migrated to the eoge of the basin during compaction and
dewaterfng of the lake sediments to the south. Devitrification of volacnic

glass in the tuffaceous sediments during diagenesis (Murata, 1940) is the
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most 1ikely source of the abundant silica in the area. Extensive alteration
of g]ass shards within'the'Anderson Mine sediments supports this hypothesis.
It seems likely that uran1um mob111zat1on accompan1ed the movement of silica
during the d1agenet1c alteration of the tuffaceous sed1ments. This possi- -
bility has been suggested by Weeks et al. (1958) as the mechanism for uranium
migration in somevfexas coastal plain uranium deposits and by Lindsey (1975)
as a possib1e meohanism for the movement of uraniferous fluids in the water-
lain tuffs in the Thomas'Range, Utah. | |

Diagenetic calcification has affeeted both members of'the»Andersoni |
Mine sediments and-has.resu1ted in both'the Cementation'and'rep]acementsof'_
the sed1ments by ca1c1te Spec1f1ca11y, ca1c1te replaces feldspars and
cements the arkos1c sandstones in the southern port1on of the area: and re-
places and 1ndurates tuffaceous and carbonaceous 1ut1tes and reworked tuffs
In add1t1on, sparry calcite has. rep]aced m1cr1te in some of the marlstones
and 11mestones of the upper Anderson Mine member.' In th1n sect1on stud1es,r
both ca1c1te and s111ca can be- found in cross- cutt1ng re]at1onsh1ps in
veinlets 1nd1cat1ng that the. 1ater stages of both may have occurred con-
currently. . However, 1n outcrop studies on the upper un1t of the Anderson
Mine member, ca1c1f1cat1on genera]]y appears to be s11ght1y younger than
the silicification, part1cu1ar1y in the f1111ng of vo1ds and fractures
Leach1ng, dissolution, and a1tera1ton of the vo]can1c tuffs and carbonate—-
rich sed1ments probably prov1ded the source of the ca1c1te found 1in the
Anderson Mine sed1ments | |

D1agenet1c a1terat1on of the volcanic sed1ments has also resu]ted in
the formation of light greenish-gray benton1t1c clays. Specifically,
smectite, i1lite, and other mixed-layer clays have been identified by x-ray

‘ _ | _
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techniques. These occur throughout the Upper Anderson Mine member and -
occas{dnally in theﬁFlat Top"clastics chiefly as indistinct Whitish td
greenish films and blebs nithin the altered sediments. In addition, Otton
(personal communication, 1977) has described hectorite, a Tithium-bearing '
magnesium bentonitic clay, in portions of the tuffaceous Anderson Mine
sediments.

The a]teration of the tuffaceous-rich sediments has,also resulted
in the formation of the zeolite clinoptilolite. A]though.otner zeolites
have not yet been identified at the Andefson Mine, Shéppardvand Gude“»d
(1972)~have.rEpprted ana]cime and erionite in similar tuffaceous sediments
approximate]y'60'km'tbithe'northwest near Wickfeup, Ariiona. WOnk,done.'.
by Coombs (1959), Haj'(1963);fandﬁLindsey-(1975)“0n5sediment5'similar to
those at the Anderson Mine-sndgest.thatrformatidn of c]ays and zed]ites
occurs quite ear]y in the diagenetic process but 1ike1y postdates the
initial stages of s111c1f1cat1on and calcification. .

The format1on of clays and ze011tes early in the diagenesis of the i
sediments may have been of some 1mportance dur1ng the initial phase of |
uranium m1nera]12at1on C11nopt11ol1te heu]end1te group zeo]1tes, and
to a lesser extent; montomor11]on1tefgroup c]ays can act as effect1ye
“adsorbents of uranium from solution (Katayama, #t 51., 1974). Although
this type of minera]ization has not yet'been recognized at Anderson Mine,
it is possible that uranium could have been adsorbed in the early stages

— why £ Pt

o
of mineralization and subsequent]y remob111zed and reduced in proximity’ Of he Carl

- Wrees
‘to the carbonaceous sed1ments.~-Katayama et al. (1978) report that uranium: hjlf?;:i

preferentially forms coffinite (or uranium silicates) when excess silica cwf::“Q“?
- en
and strongly reducing conditions prevail as was likely the case in the efove,

.« paludal :portion of the lake sediments at Anderson Mine.. : . -wuw:.us
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Pyrite occurs in the carbonaceous sediments as finely-disseminated
crystals and more commonly as fracture fillings. The disseminated pyrdte
is likely of syngenetic origin wht]e‘the mineralization in veinlets was‘
possibly formed during the diagenesis ofvthe sediments.';?yrite is also
found in portions of the arkosic sandstones‘in the southern part of the
study area. Much of this pyr1te occurs as a cementlng agent around sand
grains and resemb]es the "matr1x" pyr1te commonly found in una]tered sand-
stones in many Wyom1ng uran1um d1str1cts Interest1ng]y, portions of
these sandstones are 11mon1te-sta1ned and the pyrite, where present,'is
highly pitted and tarnished. It is conce1vab1e that these 11mon1te-

.sta1ned sandstones are "a]tered" wh1ch suggests the poss1b111ty of "ro]]-
ifront“ type m1nera11zat1on 1n these units. M1nor quant1t1es of medium-
grade .uranium m1nera11zat1on have been found in these sands 1n genera]
proximity to "a]tered—una]tered“ contacts, but th1s m1nera11zat1on has_
not beenveValuated in any detail. f o

N 'GEOCHEMISTRY ,

Quant1tat1ve ana]yses for U308, V205, C02, and total’ S were performed
on samples represent1ng O 3 m (1 ft ) 1ntervals throughout the m1nera11zed
sections of 14 widely-spaced core ho]es In addition, the ent1re cofed.

“interval from two holes were ana]yzed for U308, V205, As, Mo, L1, Mn,

-F, organic C, and tota]-S. This 1atter study was pr1mar11y concerned w1th
the geochemistry of the unox1d1zed mineralization and the respect1ve under-
lying and overlying unminera]ized-sediments. Two cormercial ana]ytica]
laboratories'were employed'to“cross—chéck analyses. o

Disequilibrium studies were undertaken to ascertain the re]ationship

between chemical and radiometric uranium. Chemical and radiometric values

ces weow - from-all of the-core holes were:p]otted as in Figure 22, and disequilibrium ... -
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values nere calculated. These va1ues'ranged from 0.48 to 1.18, with a o
weighted average disedui]ib}ium factor approaching 1.00 for the deposit.
Values ranging from 0.90 fo 1.10 were obtained for mineralized interva1sclu
from the unoxidized zone suggesting only minor uranium migration in these
portions of the deposit. In contnasf, the oxidized uranium minera1fzation
shows erratic disequilibrium ?actons, generally less than 0.90 or greater
than 1.10." These erratic values inddcate probably remobi]ization of
uranium in the oxidized sediments at least until fairly recent times.

. Uranium m1nera11zat1on appears to . be c]ose]y related to ‘the organic-
carbon content of the Anderson M1ne sed1ments (F1gures 23a 24a, 25a) .
The linear eorre]at1on coefficient between uranium and organlc carbon of .
0.55 (Tab]e.S) further suggests an excellent positive geochemical eoherence
between these elements (Rankama‘and‘Sahana,'1950). In fact,_a close in-
spection of the rock unit»descriptions within the minera]ﬁzed zones
'~(F1gures 23a, 24a, 25a) i-indicates a strong aff1n1ty to the carbonaceous’
rock un1ts by uran1um.' . o

It is a]so apparent from F1gures 23a, 24a, and 25a that arsen1c,
mo]ybdenum, and tota] su]fur are s1gn1f1cant1y enr1ched within the uran1--~*
ferous intervals. Ranges of values for. these e]ements within the m1nera1;
" jzed zones are 1 ppm to 315 ppm arsenic, 1 ppm. to 915 ppm- mo]ybdenum and-
100 to® 24200 ppm total su]fur. Ranges of va]ues in the unm1nera11zed-~
zones are 1} ppm to 80 ppm arsen1c, 1 ppm to 7 ppm mo]ybdenum and ]00 to
7100 ppm ‘total su]fur. Therl1near corre]at1on coeff1c1ents for arsen1c,
molybdenum, and tdta] sulfur Witnfrespect to uranium indicate onlyiﬂow to--¢ -
moderate corre]atfon (Table 5). However, Table 5 indicaees significantly

higher correlation coefficients are obtained when arsenic, molybdenum,
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and total sulfur are compared to organic carbon. Additional correlation

coeffictents of 0.73, 0.52"and 0.47 were obtained by correlating arsehic .
and su]fur, molybdenum and sulfur, and arsen1c and mo]ybdenum respectively
(Table 5). The aotua] s1gn1f1cance of the intimate re]at1onsh1ps ‘between
uranium, organic.carbon,~arsenic, molybdenunband total sulfur is unclear.
Furthervinterpretatioh is'deferred until specific minerals or coﬁplexes
containing these elements can be identified. |
The entire lacustrine section at the Anderson Mine appears to be

_ enr1ched in vanad1um with the higher values locally associated with the
zones of uranium m1nera11zat1on.. Vanadium values range from 100 ppm to
9060 ppm in the minera1ized zone and 200 to 6400 in the.onmineralized
zone. Over 70% of the assays from both zones exh1b1t vanad1um values
greater than 400 ppm (F1gures 23b, 24b 25b) In contrast pre11m1nary
geochemical studies of vanadium from nonuran1ferous lacustrine sed1ments;
possibly corré%ative with the Anderson Mine 1acustrine sedinents, range
from 20 ppm to 420 ppm w1th on]y 2% of the assays exh1b1t1ng va]ues greater 3
than 400 ppm. The available data 1s 1nsuff1c1ent for determ1nat1on of
background and threshold va]ues for: vanad1um in the Anderson M1ne and
surrounding areas. Neverthe]ess, the data 1nd1cates that the Anderson
Mine sediments have been enriched in-vanadium. -In‘add1t1on,,the‘vanad1um’.
values obtained from the cores generally show a positive correiation with
zones of uranium'mineratization The correlation between uranium.and
vanadium 1s best in the upper portion of the uranium m1nera11zed zones or
the upper zone 1f two m1nera11zed zones are present (F1gures 23b, 24b S
25b). - The anomalous vanad1umlzones, typ1ca11y begin several meters above‘

the uranium zone (Figure 23b). Due to this apparent vertical zonation

sewnee: vand: the poor correlation between these two  elements in the Tower mineral=s =ci:z:a:

jzed zones, the correlation coefficient for uranium to vanadium is Tow .

(Table 5).
-2q_ .



-

Other trace elements of lesser significance which disp1ay a direct or
indirect relationship with respect to the unoxidized uraniferous zones are
manganese, 1ithium,and possib]y’f]uorine; Manganese displays a low corre-
“Tation with organ1c carbon and uranium (Tab]e 5) Nevertheless, manganese
concentrations up to 2300 ppm have been observed locally associated with
the higher grade uranium mineralization ( 0.20% cU30g). Manganese values
- outside of the mineralized zone generallihrange from 100 ppn to 200 ppm;
Lithium genera]]yghas Tower values withih~thevmineralized zone (9-340 ppm)
than in the adjacent unmineralized. zones. (25-560 pph) (Figures 23b,. 24b,
-25b). A s1m11ar re]at10nsh1p for 11th1um e]sewhere in the Anderson Mine
area was prev1ous]y reported by Otton (1977) L1th1um a]so d1sp1ays no
correlation with any of the e]ement\wh1ch are assoc1ated with the zones
of uranium mlnera11zat1on (Tab]e 5) However, 11th1um does d1sp1ay a good
corre]at1on with respect to f]uor1ne as 1nd1cated by the 0. 54 corre]at1on
coeff1c1ent in Table 5. Fluorine, 11ke lithium, has Tower va]ues w1th1nv
the mineralized zone (]40-1320 ppm) than in the unm1nera11zed zones,(425-
1510 ppm). The h1gher values of f]uor1ne and 11th1um typ1ca11y occur to-
gether in the unm1nera11zed a1tered tuffaceous 1ut1tes | | |
Even though the uran1um host rocks at the Anderson M1ne are f1ne-'
grained volcan1c1ast1c sediments, def1n1te chem1ca1 corre1at1ons with -
_the more convent1ona1 sandstone- type uranium depos1ts are. str1k1ng1y
apparent. Anoma]ous values of arsenic, mo]ybdenum, vanadium, organic
carbon;aMitota1 sd]fur,.which have been observed at the Anderson Mine,
have previously been'reported in sandstone-type.deposits;on the Colorado
P1ateau (Shoemaker et al., 1959), southeast Texas (Weeks et al., 1963),
Black Hills (Gott et al., 1974), and for U. S.vsandStone deposits in
general (Harshman, 1976). The_trace element distribution implies that
similar geochemical processes may have been involved in the formation of

both types of uranium deposits.
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~ ORIGIN

It seems likely that most of the.uranium in the deposit at the Anderson
Mine was an origina] constituent of the host tuffaceous Tacustrine rocks.
Glassy material and other minerals in the tuffaceous sediments reacted chem-
ically with the Take water causing extensive diagenetic alteration and the
' development of alkaline carbonate pore water. These carbonate-bearing waters
are known to be an excellent medium for the transportat1on of uranium and
other metals in so]ut1ons(Garrels-et'a1 1957, Garre]s, 1960) It is prob-
able that uranium and silica were re]eased from the vo]can1c mater1a1 during
the d1agenet1c process as. shown by the common dev1tr1f1cat1on of g]assy
material in the sed1ments, and widespread s111c1f1cat1on and zeo]1t1zat1on
This process wou]d be similar to that proposed for many of the uran1um
deposits in the Texas coastal p1a1n (Weeks and Earg]e, ]963; Bunker and
Mackallor, 1973). ~ . u’ | o . S L

. The possibility that tuffaceous rocks are the source of uranium 1n.h -
many ore deposits has been cons1dered for some “time by Haters and Granger -
(]953) in the CoTorado P]ateau Denson and G111 (1956) in the northern Great :
P]a1ns, and Weeks and Earg]e (]963) in the Texas coasta] p1a1n ' It is a’ |
good poss1b111ty that the tuffaceous sed1ments in -the Anderson M1ne sequence -
were the source of much of the uranium in the depos1t._ Geochem1ca1 samp11ng
of these sediments away from the known—mineralization tndicates background
uranium_va]ues ranging fro@iig:;;jgij;;?with an average concentration of - -
perhaps-25 ppm. It may be somewhat presumptuous to conclude that the'lake,
sediments had an originaT uranium content of 25 ppm since.all of these
- sediments have been altered to at least some degree. However, 1t seems reason-
- able to conclude that an adequate quantity of uran1um was present in the

sediments to account for the known uranium mineralization. . -
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It %s postulated that uranium\was leached during compaction and de-
watering'of the tuffaceous Iake sediments, transported in the'groundwater
as a urany1 carbonate complex and subseQuent1y precipitated'in‘and adjacent
to carbonaceous beds. The reducingvagent causing precipition was likely
hydrogen sulfide gas which occurs in considerabie quantities in tuffaceous
mar]stoneS‘interbedded with the carbonaceous units. It is possib]e that
the minera]jzation process could have been aided by a change to a more arid
climate. This may have caused lacustrine sedimentattonhto cease and high
evaporation rates to beg1n. Rapid:evaporation could -have facilitated de-
watering of- the lake sed1ments and subsequent m1nera1lzatlon. A process
similar to th1s has been proposed by weeks and Earg]e (1963) to account
for uranium m1nera11zat1on of the southeast Texas coasta] p1a1n.

Reyner et a1::2” (1956) have suggested a hypogene or1g1n for the
uranium mineralization at Anderson Mine. This conclusion was based on
field observat1ons which showed that 1) uran1um ore has not been 6bserved -
beyond the “boundary“ faults; 2) 1ntense 5111c1f1cat10n has a1tered mud—
stone and 11mestone, 3) ]1mon1te and hemat1te sta1n1ng occurs on bedd1ng
and fracture p]anes, and 4) ca1c1te cha]cedony, sep1o11te, and manganese
are found assoc1ated with the westfbound1ng fau]t. The authors feel that
these observations can be explained without invoking - a hypogene process.
The subsurface information generated by drilling and coring indicates that
the carbonaceous sediments_are not_present beyond the "boundary" faults.

It is possible that thevfau1ting may have controlled the location of the °
paludal sediments to some extent,'but if the faults had acted as conduits
for nineralizing so1utions then one might expect mineralization to be
concentrated a1ong the"fau1ts We have found no'such association, and,

The intense silicificatim
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noted in the sediments is likely re]ated to the diagenetic alteration of
the tuffaceous material present in the section. The presence of hematite
~and limonite staining on bedding and fracture planes pronab1y results from
the oxidation of disseminated p;rite in the sectien. The occurrence of
calcite, sepio]ite;‘chalcedony, and manganese in the weStern fault zone may
indicate some movement of fluids in fhie area; but without asscciated uranium,
such occurrences can not bércitedua$;§jgnificant. ’evidence,that these zones
were major channe1waye of uraniferous. solutions. o |
Some remobi]ization of the original coffinite-(7) minera1ization has

' occurred in the near-surface env1ronment at Anderson M1ne 1n more recent
geo]og1c time. The behav1or of uranium m1nera1s dur1ng 0x1dat1on 1n near-'
surface environments has been investigated by Garrels and Chr1st (]959)
They conclude that uranium is oxidized to utd which is read1ly so]ub]e in.
cerbonate groundwaters,excepc in the presence'of vanadium, arsenic and
phosphoru$7-_Since‘vanadium and_éohe arsenjc are present in the mineralizedvf-
section of Anderson'Mine, carnotjte.end/Or.cjuyamunjie aré-formedr Cernotite;
is nearly inéo]ub]e in an oxidiiing eanronment' nowever, the sfgniffcant

/ -{&i d1sequ111br1um 1n the carnot1te m1nera11zat1on at Anderson M1ne 1nd1cates

\ﬂ A{d\&§w some unusual cond1t1ons These cond1t1ons have been exp1a1ned by Garre]s

:‘&A}* and ChrTSt (1959). In areas where.-there .is active entrance of water into
\

66 -,t,z

and evaporation from carnotite ores, movement of:uranium_can occur especial]y
where carbonates are present. Carbonates aréiggigég:;%mmon in.the mjneral-

ized section at Anderson Mine and would seem to facilitate the upward re- - K
mobilization of carnotite‘by capillary action info Shrinkage cracks.and

fractures in the near-surface environnenf. It is postulated that this

process is responsible for the superficia]‘reéemb1ance of the near-surface
m1nera]1zat1on at Anderson M1ne to that .of the Yee]err1e deposit of western

nevalzati
Austraha as described by Langford (1974). [“40 thig 0"'”!')‘3& M wevalzatis,

1< (,L._cb_g.a”ly (a‘mosi“ leays) Nbouve 31;}\{ Cavb Faaes
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CONCLUSIONS *

The uranium depocosit atz Tha Anderson Mine is beheved to have formed

during the d1agenet1c c evolut=izn of the Date Creek Basin. Compactwn and

dewatering of uranifeserous vcaizznic- rlch lake sediments ’led to the mlgratwn "

of uran1um-carbonate~—~s111car'~-r1ch format1ona] waters upward or outward

from- the basin. Thic:s conce;:- s not new as Noblé (1963) has suggested that

the ore fluids for thche Co]or"‘:o Plateau-type uranium- vanad1um deposits and

the M]SS]SS]pp] Va11F;”¥ type: Tzad-zinc deposits may be simply the connate

waters which were ex:’--?e”ed u«‘”ng compaction of the sediments, Jackson and

Beales (]967) have t,aken th*s h.YPOthes1s one step further when they con-
cluded that these or==2 ﬂu1dc zre the resu]t of the -normal evo]utwn of a

sedimentary basin. ‘-here ti-=se fluids have encountered Tocal reducing

environments, which “in the .t-. derson Mme area ‘are character1zed by hydrogen

sulfide generat'lng r/,ﬂuda] c-d'lments, uranium and/or selected base’ meta]

precipitation occur

It is vital thé, reg1or z] gu1des to uramum depos1ts be deve]oped for

exploration 1n the 6451" anc Qange The Anderson Mine depos1t may prov1de o

a valuable model for future Basin and Range uranium exp]orat1on Important
aspects of this modeTs which maybe:: useful to the exploration geologist

have been summarized below:
1. The development and preS_ervation of reductants'in or near terrains
| which contain: potentiaﬂy 1eaohah1e uranium must be considered
The reducant al the Anderson Mine was hydrogen_ @]fﬁde gas which was
generated from the decay of paludal sediments. The preservation of

these sedimenis ¥as the result of gradual depositional onlap. The

acid volcanicss wh1ch compr1se a major fraction of the Anderson Mine

sediments, wewx P"Obabb' the source of the uranium.
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2. T1ose attentfon shou]d a]so be paid to the a]terat1on products of the
]ake sediments wh1ch 1nd1cate that fluids- capab1e of 1each1ng and transport1ng
uranlum were present»dur1ng d1agenes1s.~. . In the Andersoh Mine favor-.
able diagenetic alteration has been imp]ted from‘the:pervasive silici-
fication, ca]cification;‘zeo]itization and srgillization of the fine-
grained Anderson Mine sedimente; .

3. Marked increase in values for L1, V205, U30g, and poss1b1y F 1n the
sed1ments may provide an exce]]ent regional gu1de to areas of potential
Anderson M1ne -type m1nera11zat1on Anomalous concentrat1ons of Mo and
As may not be usefu1 reg1ona1 gu1des as they are exc]us1ve1y assoc1ated
w1th the zones of uranium m1nera11zat1on | -

It is conce1vab1e that the d1agenes1s of tuffaceous r1ch 1ake sed1ments in

the Basin and Range may have resu]ted in the format1on of 1arge areas of

Tow grade uran1um mineralization (30-]00 ppm). . The Anderson Mine mode] may

further a1d exploration geo]og1sts in d1fferent1at1ng between these éreas of-

noneconom1c Tow grade uranium m1nera]1zat1on and areas of potent1a1 economic

s1gn1f1cance
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Table 1. Summary by region of uranium production, reserves,

and potential*

**Resources not estimated because of inadequate knowledge.

Tons U,08 Ton§ U30g ($30/1b.).
N , . roduction 1/1/76  1/1/76 Potential Resources
Region to 1/1/76 Reserves Probab]e Possible Speculatiy
(A) Colorado Plateau 197,800 326,000 433,000 632,000 103,000
(B) Wyoming Basins . 59,200 233,100 313,600 84,000 31,000
(C) Coastal Plain - 8,300 43,900 100,000 - 128,000 31,000
(D) Northern Rockies - 4,800 20,100 27,000 62,000 49,000
(E) Coiorqdo and Southern Rockies 6,400 9,000 44,000 30,000 12,000 |
(F) Great Plains = - '; 3,500 6,300 126,000 57,000 37,000/
(6) Basin-&5RAhge. S e 1;400 1,400 106,000 a‘éss,obo 105,000/
(H) Pacific Coast and Sierra Nevada l<1§ooq 200 10,000 42,000 56,000 ié
(1) Central Lowlands ‘ <1,000 | .‘O Ak ** 71,000 il
(J) Appa]achian ngh]ands <1,000 0 ke ** 77,000
(K) Columbia Plateass - <1,000 0 *x * 18,000
(V) Southern_Céﬁa&ién Shede _ "__" 0 0 o *k *k |
(M) Alaska ~ <1,000 L0 1,000 mx
TOTALS : - 282,400 640,000 1,060;600'1,270,000  590;000 |
*From U.S.E.R.D.A. GJO-111 (76), (1976, Table 2).




Table 2.

Year

1955
1956
1957
1958
1959

TOTAL

Tons of ore

Production figures from Anderson Mine

Grade (%) Us0g
0.56

0.2
- 0.19
0.2
0.12

Ave. 0.15% U30g

Lbs. of ore

101
130
14,043
3,928
15,028

33,230
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Table 4. Uranium resources from Anderson Mine,

(% U30g)

Qutqff Aygaggoglade Averagém%h'ick'ness Uranium(lﬁgneraﬁzation
.02 .05 6.3 108
.03 .06 4.2 83.1%

05 .09 2.6 60.6%
.07 a2 2.0 47.9%




L

Table 5. Correlation coeffients for selected elements from two core
holes taken from the Anderson Mine,

Us0g Corganic Stotal As Mo Vo0 L§ Mn F

U30g 1.00  0.55  0.27 0.31 0.27 0.17 0.06 0.10 -0.11
Corganic  0.55  1.00  0.64 0.68 0.44 0.14 0.05 0.03 -0.17
S-total  0.27 0.64  1.00 0.73 0.52 40.12' 0.16 0.05 0.17
As 0.3  0.68  0.73  1.00 0.47 -0.02 0.00 0.11, 0.03
Mo 0.27  0.44  0.52 0.47 1.00 -0.05 -0.05 0.00 -0.02
V,05 0.7 0.4 012 -0.02-0.05 1.00 0.00 -0.33 -0.18
0.06  0.05  0.16 -0.00 -0.05 0.00 1.00-0.16 0.54
Mn '0;10' 0.03 0.05  0.17 0.00 -0.33 f;o;js_'l;oo 0.18
F 2011 <012 0.17  0.03 -0.02 -0.18  0.54 0.18 1.00
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Figure 1.

Figure 2.

Figure 3.

-Figure:4. -

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Figure 10.

Location map of the Anderson Mine - Artillery Peak area
in west-central Arizona.

View of the lacustrine section at Anderson Mine with underlying
"Arrastra” volcanics and overlying "Flat Top" clastics and basalt.
The sharp:irregular contact between the Anderson Mine sediments
and the "Arrastra" volcanics is "the onlapping depositional contact
between the two units. The mountains in the distance are upfaulted
"Arrastra" volcanics. . - ' .

Geologic column and idealized sections extending southwest from
Anderson Mine, in the northeastern Date Creek Basin, The sections
show the major facies_changes and unconformities in the Tertiary

sequence.

Genera]ized geologic map:of the northeastern Date Creek Basin. -..-.. .

Lower Miocene post-“Arfastra" paleotopographic map of the.Andérson
Mine area. : S

Generalized crdss—sectiohfof a'pOrtioh of the Anderson Mine area.
Ty through T4 refer to the approximate stratigraphic position of
the lithofacies. - - maps. )

Lithofacies and paleotopographic map of the lower carbonaceous
unit (TmaU]) of the upper Anderson Mine member. The map is
drawn near the middle of the unit as indicated by Tt in Figure
6. A ten meter contour interval is used to show local paleo-
topographic relief. ' e - . -
Lithofacies and paleotopographic map of the intermediate clastic
unit of the upper Anderson Mine member. The map is drawn near
the top of the unit as indicated by T in Figure 6. A ten meter
contour interval is used to show Tocal paleotopographic reljef,

Lithofacies'and paleotopographic map of the upper carbonaceous
unit of "the upper Anderson -Mine member. The map is drawn near
the middle of the unit as indicated by T3 in Figure 6. A ten
meter contour interval is used to show local paleotopographic

relief. ‘

Lithofacies dﬁd paTéOtopographic map of the upbér:tuff,and
carbonate unit _of the upper Anderson Mine member.. The map is
drawn near the base of the unit as indicated by T4 in Figure 6.

B




Figure 11.

Figure 12.
Figure 13.
Figure. 14.

Figure 15,

Figure 16..

Figure 17.

Figure 18.

Figure 19..

Figure 20.

Figure 21.

Figure 22.

High]y-si]icified_and'altered lacustrine sediments of the
upper Anderson Mine mémber. These sediments are part of
the upper tuff and carbonate unit exposed-in the north-

“central part of the mine area,

An idealized Anderson Mine-type pafeoenvirbﬁhéﬁta?cﬁédel.
Generalized geologic map of the Anderson Mine area.

Upper (?) Miocene Pre-"Flat Top" paleotopographic map of
the Anderson Mine area. ‘

Uranium grade-thickness product (6.7.) map of the Anderson’

Mine area. The cross-sections A-A' and B-B' refer to
Figures 16 and 17.-

Northwest-southeast trending cross-section of the uranium-

“bearing ‘interval in the Anderson Mine area.

Southwest-northeast trending cross-section of the uranium-

bearing interval in the Anderson Mine area.

Composite isopach map of the carbonaceous intervals in the
upper Anderson Mine member (Tmau). : .

N -

Autbradiograph of a carbonaceous lutite from the upper

~ carbonaceous unit (Tmaug), Anderson Mine.

Photomicrograph of.minékalized carbonacéous‘lufite:"a)'-'

“‘carbonaceous material, both as ‘cellular structure and as

veinlets, is shown in light gray. Pyrite appears as white
spots on the photograph; b) microprobe scans of uranjum
and silica from the outlined area in 20a (1ight color
indicates the presence of the element).

Photomicrograph of ‘mineralized carbonaceous Tutite: a) carbonaceous
material is shown in 1ight gray along with siliceous material shown
in dark gray. Pyrite appears as white spots on the photograph:

b) microprobe scans of uranium and silica from the outlined area in
21a (1ight color indicates the presence of the element).

AUranium disequi]ibrium diagrams for core-holes. a) Core hole #1:

b) Upper interval of core hole #2. c) Lower interval at core
hole #2. .




Figure 23a.

Figure 23b.

Figure 24a.

‘Figure 24b.

Figure 25a,

Figure 25b,

[

Lithologic description and distribution of U30g, C{organic),
As, and Mo in a portion of the upper carbonaceous unit
(Tmauz), core hole #1. The core-hole Tocation is given in
Figure 15, g :

Lithologic description and distribution of'U308,_V205, S,

and-Li in the same interval given in Figure 23a.

Lithologic description and distribution of U30g, C(organic,
As, and Mo in the upper portion of the upper carbonaceous

unit (Tmau3), core hole #2. The core-hole location is given

in Figure 15.

‘Lithologic: description and distribution of U30g, V,0s, S, ..
and Li in the same interval given in Figure 24a.

Lithologic descriptidn and distribution df:U308jC(organic5, :

As, and Mo in the lower portion of the upper carbonaceous

unit (Tmau3), core hole #2. " The core hole location is given
in Figure 15. o ' o

‘LithoTogiC description and distribdtion of UgOs, V505, S, .

and Li in the same interval given in Figure 25a. - :
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FIG.'il_- Highly silicified andAalteréa_IECUStrihe sediments of the upper

Anderson Mine member. These sediments are part of the upper tuff and éarb-,-

onate unit exposed in the north-central part of the mine area.
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Flg. 19. Autoradiograph of carbonaceous lutite from the upper carbonaceous

unit (TmaU3) Anderson Mine. 1 -
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Fig. 20. Photomicrograph of mineralized carbonaceous lutites: a) Carbon:
aceous material, both as cellular structure and as veinlets, is shown in
light gray. Pyrite appears as white spots in the photograph. " b) Micro- -
probe scans of uranium and silica from the outlined area in 2Qa .(light
color indicates the presence of the elemént); .
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Fig. 21. Photomicrograph of mineralized carbonaceous lutite: a) Carbon-
aceous material is shown in 1light gray élong with siliceous mater_iai shown
in dark gray.’ Pyrité appears as white spots in the photograph. b) Micro- -
probe scans of uranium and silica from the outlined area:in'21la (light
color indicates th_é_presé_née of the elemen_t) .
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FIG., 22 - Uranium disequilibrium diagrams for core holes. a) Core hole

#1. b) Upper interval of core hole #2., c) Lower interval of core hole #2.
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GENERAL GEOLOCY OF THE AREA

The geology of the area is relatively complex and futher compli-
cated by numerous northwest-southeast trending structural features
generally downfaulted to the southwest. A regional detailed geologic map
of the area is not available but the geologic units exposed within and near

the area of interest are all of #we Cenozoic age.

In brief these units include recent alluvium primarily along the
course of the Santa Maria River; a conglomerate which i exposed in o
portion of the Minerarls Exploration claim areé, and which is at or near
land surface in most of the Urangesellschaft claim area; the mineralized
fine grained "lake bed" type of sediments underlying the conglomerate;
an agglomerate which has becn encountered beneath the mineralized scc-

tion, and sndesitic velcanics underying this,

Detailed surface mapping has been done by personnel of Minerals
Exploration Company within their claim area and the above mentioned
conglomerate has been separated into two units, with the upper unit des-
cribed as a ""Capping conglomerate =2nd the lower unit described as "Sand-
stone and conglomerate''. Generally, but not always, the two units are
separated by a basalt flow. Cross-~sections prepared by Urangesellschaft
personnel show the existence of this same basalt flow in parts of their
claim area with the overlying unit bein}: more conglomeratic and the un-~

derlying unit sandier.
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W'ithﬁ the mineralized finc-grained sediments iz a unit referred
to by Urangesellschaft as the "Barren sand" with mineralization occuring
above and below the coarser grained Burren sand. This unit occurs in the
southern portion of the Minerals Exploration claim area and in the northern
and central portion of the Urangesellschaft claim arca. Based on informa-
tion furnished by David Hertzke, Urangesellschaft Project Geglogist,
the Barren sand pinches or lenses out in the southern portion of their-claim

area.

Within the.claims' areas the sediments arc dipping to the south and
land surface rises to the south from the Santa Maria River to the central
portion of the Urangesellschaft claim arca; thus depth below land surfuce
to a given unit becomes progressively greater in a southerly direction.
The mineralized section has becn exposecd at lan:! surface in a portion of the
Minerals Exploration area by erosion of the overlying conglomerate anid oc-
curs at depths in excess of 1, 000 feet below lan+ surface in the southern

portion of the Urangesellschaft claim area.

To the north and oaét of the general potential mnine arca the volecanics
are exposed at land surface. These same volcanics also occur for seve r,;al
miles in a westward direction along both sides of the Santa Maria River.
Beginning along the west s‘ido of Section 18, ‘T. 11 N., R.10W., surface ex~
posures of the volcanics are not apparent along the south side of the Santa
Maria R-iver for a distance of about four miles dhywnstream to the vicinity of

the Palmerita Ranch {see Flate 1) and the Capping conglomerite outcrops in
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this area along the south edges of Sections 13, 14, 15, and 16, T.11 N.,
R.11 W., and Section 18, T,11 N., R.10 W. During the course of ficld
work this conglomerate was obscrved in the vicinity of t:%e;'cti;mn"IO, 20,
and 27, T.11 N., R.11 W,, dipping southward under finc grained younger

sediments similur to thosec exposed along Date Creek.

Minerals Fxploration Company has drilled several exploration
holes in the vicinity of Sections 16, 17, 18, and 19, T.11 N., R.10 W.,
and encountered a thick section of materials generally described as con-

glomerates, sands, and gravels. Vaximum thickness penctrated to date

W

has beam 1,640 feet for hole 11-10-19-2 located ih the NI, NWi, SWi,
Sec. 19. Volcanics, probably equivualent to the basalt flow observed and
mapped in the Minerals Exploration claim arca, were encountered at a

depth of 200 to 255 feet, thus the thickness of the underlying Sandstone and

conglomerate unit is in excess of 1, 385 feet at this site.

A major fault, downdropped to the southwest has been mapped in
this area trending northwest~southeast across the northesast 1/4 of Section
16 (see Plate 1). Hole AM-507, located about 1,500 feet southwest of this
fault encountered bedrock at a depth of 1,495 feect. With the exception of a
basalt flow between depths of 285 to 365 fect the materials encountered in
AN-507 appear to be relatively unconsolidated and were generally described
as ranging from silty sand to sand to gravel with a siltstone from 410 to 485
fect and a silty clay layer from 1,150 to 1, 220 feet. Materials encountered

above the basalt luver should be cguivalent to the Capping conglomerate and



those below to the Sandstone and conglomerate vnit ws mapped by sinerals

Exploration personnel.

Of the geologic units discussed in the preceding paragraphs the re-
cent alluvium along the Santa Maria River, the Capping conglomerate, the
Sandstone and conglomerate, the Barren sand, and the agglomerate con-
tain grOu‘nd water. Thgs, from a hydrologic standpoint these are the units
of primary interest and are discussed in greater detail in subsequent sec~

tions of this report.
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THE ARIZONA GEOLOGICAL SOCIETY SPRING FIELD TRIP

Welcome to the Arizona Geological Society Spring Field Trip.

Minerals Exploration Company and its parent firm, Union 0il Company,
have graciously arranged for the AGS and its guests to visit the Anderson
Mine area. This prospect has a potential of developing into a major uranium
producer and we are pleased to be able to visit this prospect at such an

early stage in its development.

The visit today is intended to permit viewing of some of the features
discussed by Bill Buckovic in his address to the Society on May 2nd. Much
of the substance of this address was taken from a paper on the area by
J. E. Sherborne, Jr., W. A. Buckovic, D. B. DeWitt and S. J. Pavlak of
Minerals Exploration Company, Casper, Wyoming; and T. S. Hellinger, Minerals
Exploration Company, Tucson, Arizona. The paper will soon be published in
the American Association of Petroleum Geologists (AAPG) Journal. Some of
the text and figures in that article have been excerpted for the purpose of
your field guide. We are indebted to the editors of the AAPG Journal for

permission to use this material.

Travel directions from Wickenburg to the Anderson Mine are shown in
Table 1. Since most of you joined the trip at the intersection of Highway

93 and Alamo Road, you may follow the road log from that point.

Minerals Exploration has laid out a parking site in the general mine
area near Flat Top Hill. We have been asked to keep vehicle usage within
the mine to a minimum, therefore, all points of interest will be visited on

foot. Please stay with the Minerals Exploration Company Guides.

On arrival at the mine site, the guides will point out your location on
Figure 1D. This figure can be used as a general guide to the geology of the
area. Some of the features are explained in the summary. Notes on the geology
of each stop and the proposed mining and milling plan are also included, and

have been provided by Minerals Exploration Company.



SUMMARY

The Anderson Mine has been a known Uranium resource area for some time.
Limited production occurred prior'to the major exploration in the area. This
production is summarized in Table 2. With the kind permission of Minerals
Exploration Company and the AAPG editors, the following material has been
excerpted from J. E. Sherborne, Jr., W. A. Buckovic, D. B. DeWitt, T. S.
Hellinger, and S. J. Pavlak's (of Minerals Exploration Company) paper on
the geclogy of the Anderson Mine soon to be published in the AAPG Journal.

As a regional guide, we present a generalized geologic map of the northeastern
Date Creek Basin as Figure 2. A more detailed geologic map of the Anderson

Mine area is shown in Figures 1D and 3.

From the assembly point near Flat Top Hill, some of the general geology
can be viewed and it is also possible to see a section containing the lake
sediments at Anderson Mine. Particular emphasis is placed on these sediments
since they are the principal uranium bearing hosts in the northeastern Date
Creek Basin. The view, and an explanation thereof, are shown in Figure 3 and
the section is shown in considerably more detail in Figure 4. Comments on

the stratigraphy have been taken directly from Sherborne, et. al's paper.

Several stops have been scheduled in the mine area to permit study of
the detailed geology, the uranium mineralization and some of the factors
relevant to mining. At the end of these scheduled stops, there will be an

opportunity to walk the entire Tertiary section.

The Tertiary section is divisible into two stratigraphic sequences char-
acterized by complex assemblage of arkosic sediments overlain by silicic vol-
caniclastics. Within these two sequences, five stratigraphic units are
recognized. The lower sequence includes the basal Tertiary and Arrastra
Volcanics; the upper sequence contains the Miocene ''Anderson Mine'!' Formation,
the Flat Top and Upper Miocene Basalt Conglomerate. The Tertiary section is

overlain by Plio-Pleistocene older alluvium.

The various units of interest are identified on the geological maps and
your field guides will point out certain relevant features. Particular atten-

tion is directed to the Anderson Mine Formation.



GENERAL

Uranium mineralization occurs near the northern margin of the present
Date Creek Basin in a gently-dipping sequence of Miocene lacustrine volcani=-
clastic sediments. The uranium is associated with lignites, carbonaceous
and silicified tuffaceous mudstones, calcareous mudstones, and impure |ime-
stones and marlstones. The mineralized units are interbedded with green
tuffaceous mudstones, light-colored calcareous, fossiliferous and tuffaceous

mudstones and tuffs, and a few thin sandstone and sandy siltstone beds.

The uranium deposit has a tabular blanket-type configuration with minimum
dimensions of approximately 1,000 m by 1,500 m. The mineralization extends
at least an additional 1,000 m down-dip. The zone is comprised of several
mineralized beds which are generally from 1 to 3 m thick but occasionally
ranges up to 11 m. The mineralization is stacked in most areas and aggregate
thicknesses in excess of 15 m are not uncommon. Most of the mineralization
has grades ranging from 0.03 to 0.10% U30g with an average grade of approxi-
mately 0.06%. Elements which appear to be concentrated with the uranium
mineralization include arsenic, molybdenum, organic carbon, total sulfur,
and vanadium. Other elements which are anomalous in the Anderson Mine sedi-
ments include manganese, lithium, and flourine. In portions of the ore body,
there are considerable variations in the disequilibrium factor; however, the

overall factor is close to one.

During compaction and dewatering of uranium-rich volcanic lake sediments,
the derived fluids probably came into contact with a strongly reducing paludal
environment causing precipitation and fixation of the uranium. This would in-
dicate an early diagenetic origin for the primary mineralization. Some re-

mobilization into fractures has occurred in more recent geologic time.

The Anderson Mine area is located in the Basin and Range physiographic
province approximately 72 kilometers northwest of Wickenburg, Arizona (Fig.1).
The uranium deposit occurs in Tertiary rocks in the northern portion of an

area designated by Otton (1977b) as the Date Creek Basin. This basin, which



encompasses an area in excess of 900 km?, has recently gained national interest
as the result of considerable land acquisition and exploration drilling by a
number of companies. The main stimulus to this exploration activity was the
discovery that uranium mineralization at_the old Anderson Mine was considerably
more extensive than had previously been thought. This is illustrated in a re-
cent publication by the United States Energy Research and Development Adminis-
tration (1976) which states that the $30 per pound.uranium reserves for the
entire Basin and Range Province is 2,800,000 pounds U308 (Table 1). Explor-
ation drilling at the Anderson Mine indicates that the reserves in this area
alone are considerably in excess of this figure. This is significant in that
it Tends credence to the high uranium resource estimates for this province

made by U.S.E.R.D.A in the same publication.

Anomalous radioactivity was first discovered in the Anderson Mine area
by T. R. Anderson of Sacramento, California while conducting an airborne scin-
tillometer survey in early 1955. Several hundred claims were located after a
ground check of the anomaly revealed surface uranium mineralization. A limited
drilling program indicated sufficient mineralization to justify a small mining
operation. This resulted in the production of 33,230 pounds of U308 between
1955 and 1959 from ore that averaged 0.15% U308 (W. L. Chenoweth, personal
communication, 1977). The production figures are summarized in Table 2.
After this period, however, the property remained essentially idle until 1967
when the claims were optioned to a major oil company. This option was ter-
minated in 1968 even though exploration drilling outlined several areas of
uranium mineralization. This decision was probably influenced by the low
price of uranium at that time and the remote location of the deposit, Prompted
by the increasing price of uranium in 1974, Minerals Exploration Company, a
wholly-owned subsidiary of Union 0il Company of California,; obtained an option
on the Anderson Mine property. The claims were purchased in 1975 following a
drilling program on a 244 m (800 foot) grid which showed the uranium minerali-
zation to be considerably more widespread than had previously been suspected.
Subsequent drilling on a 122 m (400 foot) grid has indicated that the uranium
mineralization is laterally continuous. The data generated from this program
has served as the basis for this study. More recently, drilling on a 61 m
(200 foot) grid has further substantiated the lateral continuity of the uranium

mineralization. At present, the company is completing the first phase of de-



velopment drilling and is.undertaking mine and mitl désign and feasibility
studies. In addition, consultants have been retained to conduct extensive
studies of the potential physical impacts the project will have on native
wildlife, plantlife, water quality and availability, air quality, and socio-

economic impacts on neighboring communities.

If all the studies now underway indicate the project is feasible, mine
preparation and mill construction could begin in 1979 and continue for approxi-
mately 18 months. Mining would begin concurrently, with mill start-up to follow
late in 1980. The mill would operate continuously over an expected minimum
life of 15 years at a designed throughput rate of between 2,000 and 2,500 tons
of ore per day. The ore would be mined initially by open-pit methods with an

underground mining operation to follow.

"Anderson Mine'' Formation (Tma)

The ""Anderson Mine!' Formation ranges from 80 to 150 m thick and includes
a lower arkosic member and an upper uranium-bearing tuffaceous lutite member.
In the vicinity of the Anderson Mine workings, the sediments thicken gradually
to the south and west and thin to the north and east where they onlap the
“Arrastra'' paleohigh (Fig.6). The section at Anderson Mine has been tentatively
correlated with fanglomerates of the Chapin Wash Formation by Reyner, et. al.
(1956), Peirce (1977), and Otton (1977b). The Chapin Wash Formation, which
may grade into and intertongue with the Anderson Mine sediments, is formed
of arkosic sandstones and conglomerates interbedded with silicic and basic
volcanic rocks in the western Date Creek Basin (Laskey and Webber, 1949;

Shackelford, 1976; Gassaway, 1977).

Lower Member (Tmaj)

The lower arkosic member consists of up to 120 m of coarse, poorly-sorted
reddish to yellowish gray arkosic sediments and locally developed volcanic
sandstones and conglomerates. This succession appears to represent the distal
portion of a subaerial fan complex that coarsens and thickens to the west and
south of the Anderson Mine. Due to the paleotopography developed on the

Arrastra Volcanics, the lower member thins rapidly and pincheé out in the



northern portion of the Anderson Mine area. |In the southern portion of this
area the lower member consists predominantly of volcanic and arkosic sand-
stones and conglomerates which grade vertically into the finer-grained sedi-
ments of the upper member. Elsewhere, the lower member is formed principally
of conglomerates and sandstones derived from a Precambrian (?) crystalline

terrain.

Upper Member (Tmau)

The upper or tuffaceous lutite member is the principal uranium-bearing
host rock in the northeastern Date Creek Basin. This member represents a
paludal-lacustrine succession consisting of tuffaceous mudstones and silt-
stones interbedded with vitric tuffs, micritic limestones, marlstones, car-
bonaceous lutites, and a smaller proportion of tuffaceous and arkosic sand-
stones. In the southern portion of the area, the upper member is 140 m thick
and thins to 80 m where the member onlaps the volcanics to the north (Fig.6).
Four general stratigraphic units are recognized in this member: a Tower car-
bonaceous unit, an intermediate clastic unit, an upper carbonaceous unit,

and an upper tuff and limestone unit.

Lower Carbonaceous Unit (Tmau;)

The Tower unit infills local depressions and channels and averages 25 m
in thickness. Massive green-gray micaceous tuffaceous lutite beds averaging
1 m thick constitute a major portion of the unit. The remainder consists of
approximately equal proportions of micritic limestone, marlstone, carbonaceous
Tutite, and arkosic sandstone. The limestones and marlstones, which are found
mainly in the western and southeastern parts of the area, are massive, light
greenish-gray to off-white, and occur mainly in the upper 15 m of this unit.
The thickest and most abundant limestones are found in the southeastern por-
tion of the area where they have an aggregate thickness of up to 8 m. These
limestones commonly contain comminuted carbonaceous material and grade later-

ally into carbonaceous lutites to the west.

Upper Carbonaceous Unit (Tmaus)

The upper carbonaceous unit is the most laterally continuous unit in the

upper member with individual beds extending for over 500 m. This unit is ap-



proximately 20 m thick and consists mainly of tuffaceous mudstones inter-
bedded with subordinate amounts of carbonaceous lutites, tuffaceous silt-

* stones, and micritic limestones. The remainder of this unit is formed of
tuffaceous siltstones, marlstones, vitric tuffs, and a minor fraction of
sandstones. The middle portion of the unit contains the wide distribution

of carbonaceous lutites and limestones and an abundance of tuffaceous clastic

sediments are in the northern part of the area.

The tuffaceous mudstone beds are massive, light greenish=-gray in color,
and contain carbonaceous rootlets and remnant pumice fragments. These beds,
which average less than 1 m thick, form up to one-third of the unit in the
southwestern part of the area. The abundance of organic structures and the
massive character of the mudstones is indicative of the gradual influx of
mainly air-fall tuffs washed in from surrounding uplands. Carbonaceous and
lignitic Tutites form about one-third of the carbonaceous interval in the

central mine area.

Commonly interstratified with the carbonaceous beds are tan, gastropod-
rich, tuffaceous marlstones that locally form up to one-third of the carbon-
aceous interval. The tan marlstones in the carbonaceous units are characterized
by a strong fetid odor when broken. Analyses of the gas derived from these
marlstones in the upper carbonaceous unit show an abundance of hydrogen sulfide
and carbon dioxide. To the east these marlstones and carbonaceous beds grade
and intertongue into micritic limestones (Fig.6). The limestone beds are up
to 1.5 m thick and are very light greenish-gray to off-white in color. Vary-
ing amounts of tuffaceous and pumiceous material are interspersed in these
limestones. Fossils commonly found in these beds include fresh-water pelecypods,
gastropods, small fish, and rush-like plant material. Locally, these massive

limestones are difficult to distinguish from massive calcareous vitric tuffs.

Upper Tuff and Carbonate Unit (Tmauh)

Up to 80 m of this upper unitare preserved in the Anderson Mine area.
It is formed largely of tuffaceous lutites, reworked vitric tuffs, marlstones,
and micritic limestones. The tuffaceous lutites are greenish-gray and massive,
comprising the largest part of this unit. The tuffs are similar to those in

the underlying carbonaceous unit, except that some are yellowish to pinkish-



gray in color. A few thin lapilli-bearing pumice tuffs are recognized in
the north-eastern mine area. The marlstones and limestones are massive and
off-white in color, and occur mainly in the eastern and southern mine area.
Reyner, et al. (1956) recognized a relatively persistent, thin-bedded marl-
stone that occurs near the top of the section. In much of the subsurface
this maristone is not preserved due to post ''Anderson Mine'' erosion. A few
thin carbonaceous beds which are rare and laterally discontinuous occur in
this unit (Fig. 6). The remainder of the unit consists of minor poorly-

sorted tuffaceous sandstones.

Replacing limestones and lutites in this unit are beds of chalcedony up
to 1 m thick. These beds and the associated carnotite fracture-fillings are
prevalent features in the old pits exposed at Anderson Mine. The carnotite,
though the most conspicuous type of surface mineralization, forms only a small

proportion of the total uranium mineralization at Anderson Mine.

A Lower to Middle Miocene age is suggested for the Anderson Mine sediments
by the presence of Hemingfordian-aged (17-21 m.y.) vertebrates and the rela-
tive stratigraphic position of the unit. An abundance of palm remains is
indicative of tropical or subtropical conditions during the deposition of

the Anderson Mine Formation.

"Flat Top' Formation (Tfc)

Unconformably overlying the Anderson Mine sediments is a thick upward
coarsening succession of arkosic sediments up to 170 m thick in the Anderson
Mine area (Fig. 6). This unit is composed largely of grayish-orange to
yellowish-brown locally calcite-cemented arkosic siltstones, sandstones,
and conglomerates, interbedded with minor reworked greenish-gray siltstones
that are well exposed near Flat Top (Figs. 1, 1D). The finer-grained clastics
fill an east-west trending channel that was scoured as much as 100 m into the
Anderson Mine section. Elsewhere in the vicinity of the Anderson Mine area,
this phase of sub-'"Flat Top!' erosion appears to have eliminated much of the

Miocene lacustrine section.



The *'Flat Top' section includes brown to buff siltstones interbedded
locally with fine to coarse-grained arkosic sandstones that grade upward into
pebble sandstones and conglomerates. Most of the coarser clastics that fill
local channels in the section were derived from the Precambrian (?) crystalline
complex. A minor amount of material was also derived from the older volcanic

highlands as recognized by Reyner,et al. (1956).

The ''Flat Top'' Formation may be correlative to part of the Chapin Wash
Formation of Lasky and Webber (1949). Based on the relative stratigraphic
position, and associated structural events, the age of the 'Flat Top' section

is likely Middle to Late (?) Miocene.

URANTUM MINERALIZATION

The uranium deposit at the Anderson Mine is a stratiform, blanket-type
deposit occurring within and in proximity to carbonaceous lacustrine sediments.
The deposit, as presently drilted out, has minimum dimensions of approximately
1,000 by 1,500 m and extends at least another 1,000 m down-dip into the sub-
surface to the south. Most of the mineralization occurs in 1 to 3 m thick
zones which, in highly mineralized areas, have composite thicknesses in excess
of 15 m. The average grade and thickness of the uranium resources at the
Anderson Mine are summarized in Table 3. It should be emphasized that these
figures do not constitute average ore grades and thicknesses for the deposit

since detailed mining feasibility studies have not yet been completed.

The majority of the uranium mineralization is associated with carbona-
ceous lutite beds in the two carbonaceous units of the Upper Anderson Mine
member. It also occurs in the marlstones, limestones, and tuffaceous lutite
strata interbedded with or laterally adjacent to the carbonaceous lutites.
Many of these interstratified beds contain finely comminuted carbonaceous

plant material and abundant silicified rush-like plant remains and gastropods.



The areal distribution of the mineralization is illustrated in Figure 8
which is a grade-thickness product contour map. The tabular configuration
of the deposit is evident. A simplified cross-section (Fig, 8B) shows the
lateral continuity of the uranium mineralization. It was not possible to
show details of the lithology on these sections, but the mineralization is
continuous across facies boundaries and locally crosscuts bedding. A com=
parison of the grade-thickness map and an isopach map of the carbonaceous
sediments suggests a close spatial relationship between the carbonaceous
sediments and the uranium mineralization. In addition, the most significant
areas of uranium mineralization appear to coincide with the greatest thick-
ness of carbonaceous material. These features indicate the importance of
the paludal environment in the localization of the uranium mineralization at

Anderson Mine.

Both oxidized and unoxidized uranium mineralization are recognized at
the Anderson Mine. The unoxidized mineralization chiefly occurs in the upper
and lower carbonaceous units and is rarely exposed in the study area. |t
rangés in grade from 0.03% to 0.10% U308 and ‘probably averages 0.06% U308.
The oxidized uranium mineralization, which is the mineralization previously
identified by Reyner et al. {1958), Otton (1977a) and Peirce (1977), is
found mainly in the northern part of the mine area. It occurs principally
in silicified limestones, marlstones, and tuffaceous lutites overlying and
laterally adjacent to the unoxidized mineralization. The oxidized uranium,
which usually occurs in small irregular masses or as minor late-stage fracture
fillings, probably has an average grade of greater than 0,10% U30g. Select

samples of this carnotite mineralization have assayed greater than 30% U308.

MINERALOGY

Several analytical methods were used to identify the unoxidized and
oxidized uranium minerals at the Anderson Mine, 1Initially, the distribution

of the radioactive minerals in all the unoxidized samples was determined by



autoradiography. The autoradiographs showed finely disseminated radioactive
mineralization which was judged to be too fine-grained to obtain suitable
samples for X-ray diffraction analysis, therefore electron microprobe analyses
and microscopic studies were initiated. These studies indicated that the
unoxidized uranium mineralization consists of uranium silicate with a highly
variable uranium to silicon ratio occurring in intimate association with
carbonaceous material. The uranium content of this uranium silicate mineral
was found to range from 4% to 20%. The chemical composition of this material
suggests the mineral coffinite and an attempt was made to reconfirm this by
X-ray analysis. One sample of black, sooty material with a high uranium con-
tent (determined from microprobe analyses) was isolated from a carbonaceous
tuffaceous mudstone unit. The X-ray analysis of this uraniferous material
showed no evidence of any uranium mineral. This indicates that the uranium
minerals are very poorly crystallized to amorphous or too finely dispersed

for conventional X-ray techniques (Breger, 1974).
ALTERATION

Anderson Mine member sediments have undergone extensive diagenetic silici-
fication, calcification, zeolitization, and argillic alteration. The alteration
which has affected the entire lacustrine unit varies in both intensity and type

across the study area.

Silicification is the most common form of alteration and is found in all
units except the lower Anderson Mine member. It appears to have begun early
and continued throughout the diagenetic history of the sediments. The initial
stage of silicification resulted in the dissemination of fine-grained multi-
colored chalcedony in the sediments, the replacement and preservation of
delicate fossil forms (chiefly gastropods and ostracods), and the association
of silica with disseminated uranium in carbonaceous plant material. Most of
the carbonaceous beds have been partially to completely silicified. {n general,
the strong silicification has penetrated a few tens of centimeters into the
carbonaceous beds at the upper and lower contacts of these beds with the en-

closing sediments. Occasionally, entire beds of carbonacecus mudstone and



siltstone have been completely silicified, but there seems to be no direct
correlation between degree of silicification and ‘intensity of uranium minerali-

zation.

Diagenetic calcification has affected both members of the Anderson Mine
sediments and has resulted in both the cementation and replacement of the
sediments by calcite. Specifically, calcite replaces feldspars and cements
the arkosic sandstones in the southern portion of the area and replaces and
indurates tuffaceous and carbonaceous lutites and reworked tuffs. In addition,
sparry calcite has replaced micrite in some of the marlstones and limestones
of the upper Anderson Mine member. In thin-section studies, both calcite and
silica can be found in cross-cutting relationships in veinlets indicating that
the later phases of both may have occurred concurrently. However, in outcrop
studies on the upper unit of the Anderson Mine member, calcification generally
appears to be slightly younger than the silicification, particularly in the

filling of voids and fractures.

The formation of clays and zeolites early in the diagenesis of the sedi-
ments may have been of some importance during the initial phase of uranium
mineralization. Clinoptilolite~heulandite group zeolites, and to a lesser
extent, montmorillonite-group clays can act as effective adsorbents of
uranium from solution (Katayama, et al. }974). Although this type of
mineralization has not yet been recognized at Anderson Mine, it is possible
that uranium could have been adsorbed in the early stages of mineralization
and subsequently remobilized and reduced in proximity to the carbonaceous
sediments. Katayama et al. (1974) report that uranium preferentially forms
coffinite (or uranium silicates) when excess silica and strongly reducing
conditions prevail as was likely the case in the paludal portion of the lake

sediments at Anderson Mine.

Pyrite occurs in the carbonaceous sediments as finely-disseminated crystals
and more commonly as fracture fillings. The disseminated pyrite is likely of
syngenetic origin while the mineralization in veinlets was possibly formed dur-
ing the diagenesis of the sediments. Pyrite is also found in portions of the
arkosic sandstones in the southern part of the study area. Much of this pyrite

occurs as a cementing agent around sand grains and resembles the ''matrix'' pyrite



commonly found in unaltered sandstones in many Wyoming uranium districts.
Interestingly, portions of these sandstones are limonite-stained and the
pyrite, where present, is highly pitted and tarnished. It is conceivable
that these limonite-stained sandstones are ''altered' which suggests the
possibility of "rollfront' type mineralization in these units. Minor
quantities of medium-grade uranium mineralization have been found in these
sands in general proximity to ''altered-unaltered' contacts, but this min-

eralization has not been evaluated in any detail.
GEQCHEMISTRY

Quantitative analyses for U308, VZOS, €02, and total S were performed on
samples representing 0.3 m (1 ft.) intervals throughout the mineralized sec-
tions of 14 widely-spaced core holes. |In addition, the entire cored intervals
from two holes were analyzed for U308’ V205, As, Mo, Li, Mn, F, organic C,
and total §. This latter study was primarily concerned with the geochemistry
of the unoxidized mineralization and the respective underlying and overlying
unmineralized sediments. Two commercial analytical laboratories were employed

to cross-check apalyses.

Disequilibrium studies were undertaken to ascertain the relationship be-
tween chemical and radiometric uranium. Chemical and radiometric values from
all of the core holes were plotted as in Figure 9, and disequilibrium values
were calculated. These values ranged from 0.48 to 1.18, with a weighted
average disequilibrium factor approaching 1.00 for the deposit. Values
ranging from 0.90 to 1.10 were obtained for mineralized intervals from the
unoxidized zone suggesting only minor uranium migration in these portions of
the deposit. In contrast, the oxidized uranium mineralization shows erratic
disequilibrium factors, generally less than 0.90 or greater than 1.10. These
erratic values indicate probable remobilization of uranium in the oxidized

sediments, at least until fairly recent times.

Uranium mineralization appears to be closely related to the organic
carbon content of the Anderson Mine sediments. The possibility that tuffaceous
rocks are the source of uranium in many ore deposits has been considered for

some time by Waters and Granger (1953) in the Colorado Plateau, Denson and



Gill (1956) in the northern Great Plains, and Weeks and Eargle (1963) in
the Texas coastal plain. It is a good possibility that the tuffaceous
sediments in the Anderson Mine sequence were the source of much of the

uranium in the deposit.

_]2_



DIRECTIONS TO THE ANDERSON MINE

0 Wickenburg

6.2 Highway 93

16.6 Highway 93 and 71

21.0 Alamo Road

26.9 Road fork - stay right
27.5 Cattle gquard

30.6 Road to left - stay right

Yellow cattle guard
31.5 Ranch
38.2 Stéy left

Cattle guard - Anderson Mine sign at left
38.4 Turn right

4y.7 Stay right

Minerals Exploration Office
784 Whipple Street #3 - #5
Box 2246

Wickenburg, Arizona 85258
(602) 684 5155

TABLE 1



Year

1955
1956
1957
1958
1959

TOTAL

Cutoff
(2 U30g)
.02

.03

.05

.07

TABLE 2:

Production Figures from Anderson Mine

Tons of Ore

TABLE 3:

9
31
3,614
725
6,379
10,758

Uranium Resources from Anderson Mine

Average Grade
(% U30g)
.05
.06
.09

.12

Grade (%) U30g

0.56
0.21
0.19
0.27

0.12

Ave. 0.15% U30g

Average Thickness

(m)
6.3

4,2
2.6

2.0

Lbs, of Ore

101

130

14,043

3,928

15,028

33,230

Uranium Mineralization

(%)
100%
83.1%
60.6%

47.9%
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MEETING AREA - Route 93 and Alamo Road Junction.

The meeting area is slightly east of the eastern edge of
the Date Creek Basin. To the northeast, .across the highway are
the granite gneiss' ahd schists of the Date Creek Mountains. To
the northwest the Black Mountains composed of tertiary volcanics
are apparent. To the west?southwest the Harcuvar Mountains com-

posed of granite gneiss may be visable.

As we continue we will enter the date creek basin at approxi-
mately the first cattle guard we cross. As we cohtinue into the
basin, note the curvature of the Black Mountains (northeast) north-
westward into the Poachie range. The Harcuvar Mountains are to

the southwest.

The large drainage cutting the Date Creek Basin surface is
Date Creek. As we come up out of Date Creek and continue west,
the Artillery, Rawhide and Buckskin mountain ranges are seen on

the western horizon.



STOP NO 1. ASSEMBLY.

This stop is made to let éveryone catch up. We are on
the approximate drainage divide between Date Creek to the south,
and the Santa Maria River to the north. The lowest point on the
skyline to the north-northeast is the Santa Maria River Canyon
which delineates the boundry of the Black Mountains and the
Poachie Range. To the north, note the onlap of the Tertiary
volcanics onto and against the granitic portions of the Poachie
Range. To the west note the dip of the Miocene Basalt into the
Date Creek Basin as noted in the mesas along the flank of the
Poachie Range. The general structural fabric of the area is
northwest-southeast hinge faulting. Several major faults may be

noted in the Poachie Range.



STOP No. 2

As we drive to this stop the Santa Maria River Channel
will be seen to the west. We are drilling on the upper conglo-
meritic unit of Plio-Pleistocene age. As we approach our second
stop we will drive onto a Miocene basalt. Vehicles will be

parked at this point and the tour will continue on foot.

From this high vantage point on the basalt note the onlap
of the lacustrian sediments on the underlying andesitic volcanics

to the northeast.

Immediately beneath the basalt is the lower conglomerate
which overlies the lacustrian sediments. To the northwest across
the river note the pyramid-like peak. The lower conglomerate may
be seen overlying the Arrastva Volcanics and in turn capped by the
basalt. No lacustrian sediments are present there between the
lower conglomerate and the Arrastra Volcanics. Note the fault
zone beneath ys to the northwest in the Arrastra Volcanics. From

here we will proceed downslope to the stop no. 3.



STOP No. 3.

At this location is one of the only out-crops of the
carbonaceous material on the property. Note that the unit here
is exposed only due to the bulldozer cut made for bulk sampling
purposes. This is the middle carbonaceous zone which is the
thickest and ﬁost continuous mineralized unit across the area.
The unit thickens rapidly to the south (down dip) beneath the
hill. The carnotite mineralization noted above the carbonaceous

unit was not observable when the cut was made but "bloomed" two

weeks later after a rain. Note the small tare zones and the close

proximity of the fault zone to the north and the differences in

elevation of the Arrastra volcanics.



STOP No. 4

This is the area of the old Anderson Mine. During the
late 1950's, 33,230 pounds of U308 were produced from this area.
In this cut a resistant tuffaceous siltstone with large silicified
pods oveflies a green tuffaceous siltstone. Near the base of the
cut is a thin slightly cafbonaceous zone which carries most of
the uranium. Beneath these beds are varicolored siltstones exhi-
biting various degrees of silicification. This will be our lunch

break.



STOP No. 5.

This stop will provide a look at the volcanics, volcani-
clastics and intrusives older than the lacustrian sediments and
thus unmineralized. Therefore those who wish to poke around in
the lake beds longer or who wish to return to the vehicles may.
At Stop No. 5, we are standing on the andesitic Volcanic flows
which forms the drilling basement as no mineralization has been
noted in or below this unit. To the east the onlap and different
thickenss of the lacustrian sediments overlying the andesite can
be seen. 1In various outcrops in the valley to the northeast the
volcaniclastic unit can be observed beneath the andesite. 1In
general the basal portions of this unit are very tuffaceous and
waterlain while the unit coarsens upwards becoming less tuffa-
ceous and more sandy and conglomeritic. To the north and to the
west are two light gray intrusive bodies. .Flow structures may
be noted and on close inspe;tion can be clearly seen. Note the
thick section of Tertiary vélcanics northeastward in the Black
Mountains and the granites to the north in the Poachie Range.
This concludes the tour and we will proceed back to the vehicles.
Union 0il thanks you for your participation and hopes that the

tour has been enjoyable and informative for you.



MINERALS EXPLORATION COMPANY
A.G.S. ANDERSON MINE PROPERTY TOUR

Stop #2

The Anderson Mine Project is envisioned as a uranium mine-mill
complex with a milling capacity of 2,000 TPD throughput. The mill will
utilize a conventional acid leach, solvent extraction circuit.

Mine waste stripping will be accomplished using 17 YD3 electric
shovels and 120 Ton trucks. Mining of ore inﬁerva]s will use more selective
backhoe-front shovels and 35 Ton trucks. Waste material not backfilled
into mined out increments will be placed into surface waste dumps to the
north and northeast of the mine area. Maximum depth of the envisioned
pit is about 700'.

Access to the mine will be via a paved road using a route north
of that used today. Total employment at the mine site is expected to be
in the neighborhood of 300 persons.

The mill site is situated on the nearest rhyolite outcrop to the
north. Tailings from the mill will flow into a tailings pond which will
be located below us and to the northeast. The tailings pond utilizes the
first mined out pit increments as its site. Mining will extend from this
point approxihate]y 1,555' to the south,east and west, and approximately

500' to the north.
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