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Figure 1.--Histogram showing magnetic 
million, Rich field 1° x 2° 

I 
fraction of heavy mineral concentrates in parts per 
quadrangle, Utah 
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Figure 2.--Histogram showing nonmagnetic. fraction of heavy mineral concentrates in parts per 
million, Richfield 1° x 2° quadrangle, Utah 

I NTRDDUCT ION 

The purpose of these maps is t o provide the regional geor:hernical 
framework for t he U

1
.S. Geologica l Sur11ey's Conterminous Uni ted States Mineral 

Assessment ~rogra1 (CUSM/\P) for th e Richfield 1" x 2" quadrangle. The 
regional sarriplinq is designed to provide definition of broad geoc he mical 
patterns and trends which can he util izerl along with geologic and geophysical 
data for the assessment of the mi nera l resource potential for this 
quadrangle. J Thes e ma ps show the regional distributions of molybdenum in two 
fractions of heav.Y-riineral concentrates of drainilge sediments for the 
Richfield l"I x 2° quadrangle. 

I COLLECTION OF SAMPL ES 

Draina9e sect rryent samples were collected throughout the Richfield 
quadrangl e !:lu r ing summer, 1978. The sample sites were located along small 
normal'.y ~nbranch ,I or first-ord~r stream dra inages which range 1.7-3.3 km 
(l-2 mi) inJ lengt ?J Sample density was 1 sampl e per 8 km2 (1 sample/ 3 miz) 
within the P, edrod 1areas. Basins containing uncon sol'i<:lated or 
semiconsol idated l ediments were not sampled. Samples were composited by 
collecting~ samp H a~ four or '.ive sites a~ross and along the active · 
channel. The geor hemical sampling was carried out by W.R . Miller, J. B. 
Mc Hugh , G. K. Lee [J. F. Guadagnoli, L. DiGu.Jrdia, ,J. D. Tuck er, and R. E. 
Tucker. l PREPAR1\TION OF SAMPLES 

Sa mp les of 1'r inage sediments were f irst panned to reduce the amount of 
corr.m'on roe ~ form~ln)J minerals such as quartz and fe l ds par. Most of the 
drainages ~e re d~yl so the samples were panned at a field laboratory . Ahout 
ha l f of the pan ned (heavy mi ne ral) concentrate.s were prepared and analyzed at 
the mobi l e / field h ahoratory and the remai ning were prepared and analyzed at 
the U.S. Geologi ~al Survey laboratory i n Golden, Colorado. The pre paration 
and analyses were ldone by J. M. Matoaka, ,J. B. McHugh, J. n. Tucker, R. E. 
Tucker, an ~ J. F Guadagnoli. 

The pl nned ~dncentrates from each sample were dried and sieved to minus-
18 -mesh ( <LOO rmP)' , and the magnetite was removed with a hand magnet. The 
remaini ng concent{ate was se parated at a specific gravity of 2.86 with 
bromoform iinto al \ ight and a heavy fraction. The li ght fract i on, which 
contained r ainly minerals such as quartz, feldspar, and calcite was 
discar1ed. The Javy -mineral fraction was separated electromagnetically hy a 
Frantz isodyna~i{ separator with forward and side angle setting of 15 degrees 
and an amp1ere set f ing of 0.2. The magne tic fraction at 0.2 amperes was 
discarded 1and th~e nonmagnetic fraction was f urthe r se parated 
electromaQnetica)l ly into nonmagnetic and magnetic fractions at a setting of 
0.6 amperes. The[ e two fractions were then analyzed, 

I J ANALYTICAL PROCEDURES 

Each fract ] o was analyzed semiquantitatively f or 30 element s by a 6-step 
O.C. arc optica 1em1ss1on spectrograph1c method (Grimes and Marranzino , 
1963). The res l1ts of the analyses can he found 1 n Matoaka and others 
(1 979) . ~11 valUes are reported as six steps per order of magnitude (1, 0.7, 
0.5, 0.3, j 0.2, 0.11 5, or multiples of 10 of these numbers) and are approximate 
geometr ic midpo j~ts of the concentration ranges. The precision i s shown to be 
within one adjo j ~ing reporting interval on each side of the reported value 83 
percent o~ the time and within 2 adjoining intervals 96 percent of the time 
(Motooka and Gr, mes, 1976). 

I I GENERATION OF MAPS 

Computer-ge~erated contour maps and point plot maps for each frac t ion of 
heavy-mi rlera1 doncentrates were prepared using the U. S. Geological Survey's 
computer prograb ·STPMAP, written by J. Kork and modified by G. VanTrump. The 
program calculates an average value within a s'quare cell to generate the 
co ntours. For lthese plo t s, the Richfield quadrangle was divided into 35 cells 
{5 km ont side) i n the east-west or X-direction. The contours show regional 

ij !~~~~u ( +~~s e~~1~p ~~ ~~~ !~~~e~:a~~ui~~:~i~~~ ~~r~:~ 1 ~?~~~n rn!~r~~~~ • fo~ n 
molybdenum i n ~~e nonmagnetic fraction) the use of an average value of a cell 
gives misleadi~~ information. In this case, one high value for Mo, at the 
margin of the 1ountain range, causes the anomaly to be extended into the basin 
where samp1es were not collected. However, the accompanying point plots 
indicate / the 1<;id ation and magnitude of anoma1ous values, in additioh to the 
l ocation of all !the sample sites, which permits the validity of each anomaly 
on the contou rj plots to be eval uated. For the point-plot maps , approximately 
10 perce1nt of t~e tolal number of samples are classified as anomalous. These 
samples were d~J ided into five classes ranging from weakly anomalous to 
s trongly anoma ~ous. 

GEOCHEMICAL IMPUCATTONS OF THE 
MAGNETIC AND NONM/\GNETI C FRACTIONS 

The nonrnagnet i c and magnetic fr act i ans consist of different heavy mine'ra 1 
s ui tes, jwhose 19f:!Ochemica1 implications, with regard to potentia~ mineral 
resources diffir·er' significantly. The nonmagnetic fraction contarns accessory 
rock 111i 7erals s~ch as zircon and apatite and most primary and secondary ore 
minerals. Anomalous trace metal concentrations i n this fraction generally 
indicat€ surdc1e or nea r surface sources. The magnetic fractio n contains 
rnaf ic r ~ck mi 1ue1rals (biot i te, amphibole, and pyroxene) and more importantly, 
both detrital ~n d hydromorphic Fe and Mn oxides contai ning anomalous trace 
metals. / Fe aad Mn oxides commonly fill or coat fractures and are abundant 
along faults. j /An omalous trace metal content of the magnetic fraction could 
t herefo\--e ind /qate possible huried deposits. The use of both fr,1ctiuns aid in 
the int~rpreta tio n of geochemical data and provide clues to the geologi ca l 
environjnent af11 d the source of anomalous metals . It shou.ld be emphasized that 
these met hods do not pick up a major discovery of molybd enum at Pi ne Grove 
(Lamerdbrf Per,k 7 1/2 -minute quadrangle) in the southern Wah ~/ah Range, now 
being e~plorei:l lby ind ustry. ~/hereas reconnaissance geochemical surveys are 
valuable tool f in mineral exploration, they are not complet e tools and sho uld 
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I May ne t i c Fraction 

Barn Hi lls i'lnpmaly 

T~is anJ~aly is centered within the Barn llills hut also incl udes a few 
hi gh vJlues ~nl the Confusion Range on the west and the House Range on the 
east. Th e a] omalous values are from areas underla in. by Ordovician Fish Haven 
Dolomite, Si uha n La ketown Dolomite, and Devonian Sevy Dolomi te. Mn and Fe 
oxides i occur as coatings and fillings along fractures and faults, and as 
coatings wit ! ijn cherty layers within t he dolomites. The anomalous Mo values 
are pr Pbably contained wi t hin t hese oxides and may represent possible minera l 
occurrences ltj depth. 

(4~ereas J ~e geochemical Mo anomaly in the 13arn Hills may suggest a· 
possib'le burl"ed intrusive source, no evidence was see n .:Lrr available 
aeroma'gnetic 1ata (Mabey and Virgin, 1980) t o sup port this sug9estion. 

Burbank Hil 1 ;S-Tunnel Spring-Northern Needles Range Anomaly 

Tlhis an~~aly includes the Burbank Hills, Tunnel Springs Mountains, and 
north J rn NeeC!] es Range. The anomalous areas are underlain by Paleozoic 
sedimentary r ocks and Tertiary volcanic rocks. The Paleozoic un i ts include 
Devonilan Sev7 1Dolomite, Mississippian Joana Limestone and Chainman Shale, 
Mississippi9'n and Pennsylvanian Ely Limestone, limestone, dolomite, sandstone, 
and m/psum qf the Permian Arcturus Fonnation, and limestone of the Riepe 
Sprin9 Form.it 1ion of Steele (1950). The Tertiary volcanics are mainly quartz 
1at itic ash J'fOow tuffs of the Needles Range Formation. The anomalous values 
occur /over ~N ariety of rocks and ages and many occur along or near faults. 
Th e anomaloJ molybdenum values may he associated with Fe and Mn oxides which 
occurl as coJ ings and fill ings along fractures and faults similar to those in 
the B rn Hq ls anomaly. Whether hidden intrusive sources for the Mo exist at 
depth [ cannot t e det.ermi ned from presently available data. 

Wah wkh r-b J ~ai ns Anomaly 

This aq maly can be separated into two parts which occur along each flank 
of th ~ ~!ah r Jh Mountains. The eastern anomaly is mainly wi.thin the Rlue 
Mount,ains 7 1/2 -minute quadrangle north of Jockey Road. This area is 
unde ~l ain la r' gely by Cambrian lime~tones, minor shale, and dolomite and 
Tri assic (?1) and Jurassic Navajo Sandstone, but also by Tertiary volcanics 
including Miocene rhyolite and associated altered and mineralized rock. 

jThe we1s1:ern anomaly is in the Tetons 7 1/2-minute quadrangle north of 
Jock ~y Roa d1. , This area is underlain by Paleozoic sedimentary rocks, chiefly 
carbonates, but is near ~i ocene rhyo lite centers with as-soci ated fluorite­
uran ?m derwl~its and anomalous Sn, Mo, dnd Be (Lindsay and Os~1onson, 1978). 

Ind ian PeJ .Range and Southern ~/ah Wah Mountains Anomaly 

/This J~omaly is separated into two parts by Pine Valley but the two areas 
may be con ~ected beneath the valley fill. The anomalous area west of the Pine 
Vall j;!Y Road !occurs ma inly within the Bible Spring and Steamhoat Mountain 
7 1/2-minute quadrangles within the Indian Peak Range. It is underlain hy 
locally al i~ red Tertiary rhyolites. 

I The al omaly east of the Pine Valley Road occurs mainly in the Mountain 
Spr ip g Peak j7 1/2 -minute quadrangle within the southern Wah Wah Mountains. It 
is underla r n, in large part, by Tertiary rhyolite {Best, 1979). 

Stan Range ,--~eaver Lake Mountains-Rocky Range-Southern Mineral Mountain 
Anom;a l ies // 

Thes~ r nomalo~s areas are ~nd~rla)n mai~ly by Paleozoic sedi~entary rocks 
near '.e~t11ap gr~nite or granod1orite intrus~ves. They are as~oc1ated with 
old [m1n 1ng pis tric ts and are probably contamrna ted by past minrng 
actil· vities. l The possibility exists that a porphyry-molybdenum type deposi t 
may underlie the Star Range anomaly, but the data is i ns ufficient for this 
detr mi ca ii". 
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Tu shar Mou ntains Anornal ies 

Several anomal i es ilre present within the central Tushar Mountains 
especially within or near Lhe Mount Belknap caldera (Beaver and Delano Peak 
15-mi nut e quadrangle). The anomalous areas in Upper Indian Creek and upper 
North Fork of North Creek are underlai n largely by Mount Baldy Rhyolite Member 
of the Miocene Mount Belknap Volcanics {Cunningha111 and Steven, 1978). The 
anomc:lous area in upper Beaver Creek and near fllue Lake (Delano Peak 15-minute 
quadrung1e) is underlain by the middle tuff member, Bl ue ~ake Rhyo) ite Member, 
and lower tuff me mber of t he Miocene Mount Belknap Volcanics (Cunnrngham and 
Steven, 1978). In addition, most of these areas are above the southern or 
eastern ring-fracture zone of the Mo unt Belknap caldera where Cun ni~gham and 
Steven {1979c) have postulated possible hidden intrusives and associated 
molybdenum-uranium occurrences. 

Southwestern Pavant Range Anoma ly 

The anomalous area occurs along the west fork of Dry Hash and west of 
Widemouth canyon within the northeastern corner of Cove Fo rt and nort hwestern 
corner of Sevi2r 15-minute quadrangles. The ar·ea is underlain by thrust­
faulted Paleozoic and Mesozoic sedimentary rocks. In certain aspects·, it is 
si milar to the Barn and Burbank Hills in tha t there is no clearly apparent 
associated igneous activity. 

Sout h Twin Peak Anomaly 

The magnet i c fraction from one sampl e taken at the Quaternary rhyolite 
flow-dome of Sou t h Twin Pea k contained ilnOmi!lous Mo. The anomaly is proba bl y 
associated with a flow brecc ia whic h appears to have been altered and Fe­
stained aft er its formation. 

No nmagnetic Fraction 

Molybdenum content is generally l ower than in the magnet i c fraction. 
High values i n t he nonmagnetic fraction probably re fle ct molybd enite in the 
sa mpl e. The known mi ni ng districts are identi fied by this fraction but the 
additional anoma l ies probably re flect near surfilce mineralization. 

Southern Need le Range and Southern 1..Jah ~Jah Mountain Anomaly 

This anomaly occ urs mainly in the Steamboat Mountain, Bible Spring, and 
Mounain Spring Peak 7 1/2 -minute quadrang l es. The anomalous val ues are from 
areas underla in by Te rtiary volcanic rocks which incl ude significant 
quan titi es of Miocene rhyol ites. There has been some past mining activity but 
contamination from mining probably is not a major problem. This area was also 
anoma lous for molybden um in the magnetic fraction of heavy mineral 
concentrates. 

Star Range Southern Sa n Francisco Mountai ns-Rock Ran e and Beaver Lake 
Mount ains noma ies 

These anomalies occur in areas unde rlain by Paleozoic sedimentary rocks, 
often in close association with Tertiary quartz monzonite or granodiorite 
intrusives. They are probabl y related to known mi neral deposits in 
established mining districts and are contaminated by past mining activi t y. 

Mineral Mountai ns Anomaly 

Several anomalies occur within the Mineral Mountains. The southern 
anomaly occurs i n areas underlain by Paleozoic sed i me nt ary rocks, in close 
proximity to granitic rocks. The anomaly i s proba bly related to known mineral 
deposits and may be co ntaminated by past mining activity. 

The anomalies in the centra 1 and northern Mineral Mountains are ge nera 11 y 
not related to known mi neralization. They occur mainly in areas underlain by 
granitic rocks of the Mine r al 1-lountains hatholith , al t ho ugh some are near 
Quaternary rhyolite centers {Lipman and others, 1978) . 

Tushar Mountains Anomalies 

Several anomalies occur within the central Tushar Mountains i n an area 
known to have been mineralized at several times in late Cenozoic time (Steven 
and others, 1979) . The anomaly with the highest value occurs along a north 
tri bu tary of Cottonwood Creek (Delano Peak 15-minute quadrangle) south of Deer 
Trail Moun tai n. The area is under l ain by sandstones, siltstones, and shales 
of the Triassic Moenkopi Fonnation and Triassic (?) and Jurassi c Navaj o 
Sa ndstone (Cunningham and Steven, 1979a) . Other anoma lous areas along the 
eastern s i de of the Tus har Mountains include : (1) upper Revenue Gulch (Delano 
Peak 15-minute quadrangle) which is underlain by i ntermedia te volcanic rocks 
of the 01 i gocene and Mioce ne Bullion Ca nyon Volcanics (Cunningham and Steven, 
1979b); (2) a tributary of upper Be,wer Creek which is underlain by 
intra.caldera rhyolite flow and ash-flow tuffs of t he Miocene Mount Belknap 
Volcanics (Cunningham and Steven , 1978); (3 ) upper eastern tributary of Mill 
Creek {Delano Peak 15-minute quadrangle) which is underlain b_y quartz 
monzonite of the Bull ion Canyon Volcanics and Joe Lott Tuff Member of the 
Mo unt Be 1 knap Volcanics (Cunni ngham and Steven, 1978); and ( 4) ~Ji l son Creek, a 
tributary of Fish Creek (Delano Peak 15-mi nute quadrangle) which is underlain 
by hete rogeneous lava fl ows and breccias and qua rtz monzonite of the Bullion 
Canyon Volcanics. 

Les ser anomalies a.long the western si de of the Tushar )·fountains occur 
along upper Indian Creek within t he r1:iunt Belknap cal dera (C un ningham and 
Steven, 1978) and along the North Fork of North Creek (Beaver and Delano Peak 
15-minute quadrangle) 1~ithin and just outside the caldera. 
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