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INTRODUCTION

The Three Kids manganese deposit occurs in clastic
sedimentary rocks on the northern flank of the River Moun
tains in Clark County, southern Nevada (fig. 1). A large part
of the River Mountains consists of a stratovolcano that
formed during the middle Miocene (Anderson and others,
1 972; Smith, 1 982; Weber and Smith, 1 987). Nonmarine
Tertiary sedimentary strata exposed north of the River
Mountains and around Lake Mead have been subdivided
into the middle Miocene Horse Spring Formation and the
overlying upper Miocene Muddy Creek Formation
(Bohannon, 1984). Previous workers (Hunt and others,
1942; McKelvey and others, 1949; Van Gilder, 1963)
have assigned the sedimentary rocks hosting the Three
Kids deposit to the Muddy Creek Formation. Because of the
stratiform nature of the manganese mineralization, the age
of manganese deposition should be approximately equiva
lent to the age of the enclosing strata. We present K-Ar and
fission-track ages of minerals separated from tuffs in-
terbedded with the manganese-bearing sequence that in
dicate a middle Miocene age of tuff deposition and
nnineralization. This age predates the Muddy Creek Forma
tion and indicates that manganese mineralization is tem
porally related to middle Miocene volcanism in the River
Mountains.

Miocene age, is widely exposed in the region north of Lake
Mead including Frenchman Mountain approximately 10 km
north of the Three Kids mine (fig. 1; Bohannon, 1984).
The sedimentary sequence at the Three Kids mine lies

unconformably on the volcanic rocks of Powerline Road
and includes a basal conglomerate overlain by a well-
bedded section of pink to dark-gray tuffaceous siltstone
and sandstone and 0.1- to 2-m-thick beds of white, gray,
and green tuff. The gray to dark-gray colors of tuffaceous
sandstone and siltstone reflect variable amounts of

manganese oxide minerals. White tuff beds in the Three
Kids mine lack internal structure and are well sorted indi

cating an airfall origin and deposition in shallow water.
Pumice lapilli and pebble- to boulder-size tuff clasts also
occur in localized conglomerate fades associated with
some sandstone beds. Sedimentary beds overlying the
manganese-bearing strata contain gypsum and gypsum-
rich sandstone and siltstone and were assigned to the
Muddy Creek Formation by Bell and Smith (1980).
The River Mountains are located at the northern end of a

broad zone of highly extended terrain within the Basin and
Range province that extends southward along the
Colorado River into southeastern California and western

Arizona (fig. 1). According to Weber and Smith (1987),
the River Mountains and adjacent ranges in southern

GEOLOGY

The southeast part of the River Moun
tains is an eroded stratovolcano domi-

andesites and dacites
(Smith, 1982, 1984). Volcanic units in
the northern part of the range were
erupted from several domes adjacent to
the stratovolcano, and consist of sub-

fSc subordinateflows of aikahc andesite and basalt, and
bin pyrociastlc beds composed of llght-

hLs^h^ pumice lapllll. This sectionhas been named the volcanic rocks of

1. ^be mam vent for the River
bv°th?Rivef'M representedV the River Mountains stock of ouartz
monzonite composition. Veins cuttlno
vo canic rocks at the margins of the River
Mountains stock contain barlte hema
tite^^and Mn oxide (Smith and'others,

h/i sedimentary units In the River
rearrnn'"^"'®"®'®^ "manganese-bearing sedimentary rocks of the Three
Kids mine area, the Muddy Creek Forma
tion, and local fanglomerates (Bell and
Smith, 1 980; Smith, 1 984). The Horse
Spring Formation, a sequence of lacus
trine and alluvial sedimentary rocks of
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FIGURE 1. Map showing generalized geologic and structural features and the location of
the Three Kids mine In the Lake Mead region, southern Nevada. Inset shows region of
highly extended terrene along the Colorado River In southeastern California and western
Arizona.
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Nevada are part of a complexly deformed allochthonous
block that is underlain by a regional, west-dipping detach
ment structure. The detachment surface is exposed at
Saddle Island on the western side of Lake Mead (fig. 1).
Structural and geochemical evidence indicate that the River
Mountains stratovolcano has been displaced approximately
20 km southwestward from its subvolcanic source, the
Wilson Ridge pluton. Anderson and others (1972) reported
K-Ar ages of 1 5.5 ± 0.6 and 14.0 ± 0.6 Ma for rocks
from the Wilson Ridge pluton.
The River Mountains are bounded on the south by the

Lake Mead fault system (fig. 1; Anderson, 1973;
Bohannon, 1979). The fault is left lateral and trends
northeast-southwest. Major displacement on this fault
system occurred between 13.5 and 12 Ma (Bohannon,
1 984). Strike-slip faulting along the Lake Mead system
was temporally and kinematically related to detachment
and formed between blocks of differential extension in the
upper plate. Low-angle normal faulting in the River Moun
tains allochthon resulted in approximately 40% extension,
most of which occurred after the emplacement of a lam-
prophyre dike at 1 3.4 Ma (Weber and Smith, 1 987).

MANGANESE MINERALIZATION

The overall distribution of manganese at the Three Kids
mine is stratiform, but in detail the deposit consists of
layers and lenses of black Mn oxides in a section of
medium- to thick-bedded tuffaceous siltstone and sand
stone. Van Gilder (1963) calculated the average dimen
sions of manganese mineralization to be 12 m thick, 1,500
m long, and 1,000 m wide. In Mn-rich beds, mineralization
typically consists of wad which is a mixture of collofoi^
Mn-oxide clasts and detrital grains enclosed by Mn-oxide
cement. The principal Mn-oxide minerals are pyrolusite,
todorokite, coronadite, and cryptomelane; chemically, t e
deposits are characterized by high Mn/Fe ratio (> 1 (J)r
(to 4.7%), As (to 1.8%), and Sr (to 2.8%) (Bouse, 1 980).
The occurrence, textures, and composition of the
ganese mineralization indicate a predominantly synse i-
mentary origin.

ANALYTICAL PROCEDURES

Approximately 5 kg of tuff sampled at two horizons in
the Three Kids mine were crushed and mineral concen
trates were prepared by heavy liquid and magnetic
tions. Final purification of mineral separates was achieve
by removing impurities under a binocular rnicroscope.
Potassium content was measured by S. Neil using a ame
photometer with a lithium internal standard.
analyses were performed by L. Pickthorn using standard
techniques of isotope dilution. The fission-track ages were
determined by R. Evarts using the external detector
method for sphene and the population method for apatite
as described by Naeser (1978). The thermal neutron nux
was determined from counts of induced tracks recorded in
a muscovite detector held in contact with NBS glass stand
ard SRM 962 during irradiation. Ages determined on splits
of the Fish Canyon Tuff FTD standard (27.8 Ma) which
were included in the radiation packages are 27.0 ± 0.8 Ma
(zircon) and 27.3 ± 1.6 Ma (apatite). The following con
stants were used. Decay constant for '^^K, = 0.581 x
10"^° y/r\ \ = 4.963 x 10-^° yr"\ abundance ratio
^°K/K = 1.167 X 10"^ atom percent, and fission-track
decay constant for = 7.03 x 10"^' yr"V The preci
sion of the data, shown as the value in millions of years, is
the estimated analytical uncertainly at one standard
deviation.

DISCUSSION OF RESULTS

The concordancy of the two biotite and three fission-
track ages indicates that deposition of the pyroclastic
deposits and, by inference, formation of the manganese
deposits, occurred between 14.0 ± 0.3 and 12.4 ±1.1
Ma. The discordant age (16.5 ± 0.4 Ma) of the horn
blende in sample 486-18-10 is puzzling, but it may be
spurious owing to a small amount of cognate or accidental
amphibole or pyroxene in the analyzed separate. The
biotite and fission-track ages presented here are com
parable to three K-Ar age determinations of 13.4 ± 0.5,
12.9 ± 0.5, and 12.8 ± 0.5 Ma reported for biotite
separates from the River Mountains stock (Armstrong,
1966, 1970). Anderson and others (1972) reported a
K-Ar age of 1 2.1 ± 0.5 Ma for a basaltic andesite flow in
the northern River Mountains (36°04'47"N,
114°53'47"W) approximately 1 km east of the Three
Kids mine site. The ages obtained here indicate that tuff
deposition and manganese mineralization are middle
Miocene in age, and that these events were contem
poraneous with volcanism in the River Mountains. The
period in which these events occurred also overlapped with
the period of maximum extension (-13.5 to -10 Ma)
associated with strike-slip, normal, and detachment
faulting in the River Mountains allochthon (Bohannon,
1 984; Weber and Smith, 1 987).
Bohannon (1984) reported fission-track ages ranging

from 1 6.3 ± 1.9 to 1 2.5 ± 0.9 Ma for zircons from airfall
tuff beds in the Horse Spring Formation north of Lake
Mead. The fission-track data presented by Bohannon
include a 13.2 ± 0.9-Ma age for green airfall tuff and a
1 3.0 ± 0.8-Ma age for gray airfall tuff exposed 8 km
northwest and 23 km northeast of the Three Kids mine,
respectively. At Frenchman Mountain, approximately 15
km northwest of the Three Kids mine, a red sandstone that
contains gypsum in its lower part separates the Horse
Spring Formation from the overlying Muddy Creek Forma
tion. Airfall tuffs from the red sandstone have zircon ages
between 11.9 ± 0.9 and 10.6 ± 0.9 Ma (Bohannon,
1 984). The apparent age of the red sandstone and the
presence of gypsum suggest that this unit is correlative
with the sedimentary sequence overlying the manganifer-
ous strata at the Three Kids mine.
The stratigraphic relations at Frenchman Mountain indi

cate that the Muddy Creek Formation is younger than 10.6
± 0.9 Ma. Although a maximum K-Ar age of 11.6 ± 0.3
Ma has been reported for the Fortification Basalt Member
(Anderson and others, 1972), the uppermost member of
the Muddy Creek Formation in the Lake Mead area, a more
recently determined age of 5.88 ± 0.1 8 Ma (Damon and
others, 1978) is considered to be most reliable (Bohannon
1 984). An olivine basalt flow in the middle part of the
Muddy Creek section in the Black Mountains north of Lake
Mead has a K-Ar age of 9.5 Ma (Thompson, 1985) No
other units within the Muddy Creek Formation have yielded
reliable ages, but this sequence appears to be late Miocene
in age.

Based on the data presented here, the manganiferou^^
sedimentary beds at the Three Kids mine are regarded as
older than all strata heretofore ascribed to the Muddy Creek
Formation, and are coeval with the Horse Spring Formation
and the River Mountains stratovolcano.
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SAMPLE DESCRIPTIONS

1. 382-20-2C K-Ar, Fission-track

Tuff (36°04'36"N, 114°54'25"W, 835,1228,
R63E, Henderson 7.5' quad., Clark Co., NV). Analyti
cal data: (biotite) KjO = 8.95%, 8.92%, 9.09%,
8.86%, 8.67%; "Ar* = 1.805 x lO"'" moi/gm,
1.803 X 10-'o moi/gm; *°Af*IT,*°Ar = 50.1%,
36.1%; (sphene, 15 grains) Ps = 1.83 x 10®
tracks/cm^ (229 tracks); Pi = 7.62 x 10® track/cm^
(476 tracks); 0 = 8.87 x 10'" n/cm^ (4363 tracks);
r = 0.34; P(x') = 71%. Collected by: R. Koski,
J. Hein. Comment: Clasts of white pumice and tuff in a
manganiferous sandstone bed.

K-Ar: biotite 14.0 ± 0.3 Ma

Fission-track: sphene 12.8 ± 1.0 Ma

2. 486-18-1C K-Ar, Fission-track
Tuff (36°04'36"N, 114°54'25''W, 835,T228,
R63E, Henderson 7.5' quad., Clark Co., NV). Analyti
cal data: (biotite) KjO = 8.53%, 8.64%; "OAr* =
1.693 X 10-'® moi/gm; "®Ar*/E"°Ar = 58.1%;(horn-

1  0.703%, 0.718%, 0.715%; "°Ar =
Ko Qo/ ^ ^ mol/gm; "OAr/E"®Ar =58.9 /o, 40.4 /o; (sphene, 15 grains) Ps = 1.79 x 10®

mi trTJ ''' = 7-72 X 10® tracks/cm^J = 0 7 tri Qoo/'' ■'0''"/cmM4363 tracks);
1 02 X I'ns ^ iT, , ' 50 grains) Ps =108 tra V I (192 tracks); Pi = 10.28 x
n/cmM^?!"! = 22.43 x 10'"
Comment by: R. Koski, J. Hein.
quence of nink tf' ^•^""i-thick tuff bed in se-
manganiferous sandstone®""^ sandstone and gray

K-Ar: biotite 13.6 ± 0.4 Ma
hornblende 16.5 ± 0.4 Ma

Fission-track: sphene 12.4 ± 1.1 Ma
apatite 13.4 ± 1.0 Ma
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