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PREFACE 

The Wilderness Act (Pub1 i e  Law 88-577, September 3, 1964) and 
ref ated acts require the U.S. Geological Survey and the U.S. Bureau o f  
Mines t o  survey certain areas on Federal lands ". . . t o  determine the 
mineral values, i f  any, that may be present . . ." Results must be made 
available t o  the publ ic and be s u b i t t e d  t o  the President and the 
Congress. This report presents the resul ts  o f  a Bureau o f  Mines s i te -  
speci f ic investigation o f  an area i n  the M i l l i on  H i l l s  Wilderness Study 
Area, Clark County, Nevada. 

The data f o r  t h i s  open-file report were gathered and 
interpreted by Bureau o f  Nines personnel from Western 
F ie ld Operat i ans Center, East 360 Third Avenue, Spokane, 
WA 99202. The report has been edited by members o f  the 
Branch o f  Resource Evaluation a t  the f i e l d  center and 
reviewed a t  the Oivlsion o f  Mineral Land Assessment, 
Washington, DC. 
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SUMMARY 

A cobal t/manganese occurrence in Clark County, Nevada was the 
subject of a site-specific mineral investigation by the U.S. Bureau of 
MSnes in 1988-90. The study site is in the northern part of the Mill ion 
Hills (wilderness) study area which is administered by the Bureau of 
Land Management. Field work during a period of one week consisted of 
geological mapping and sampl ing of workings and outcrops, and 
geochemical and geophysical surveys conducted on four transects 
total1 ing 7,600 ft. Although the concentrations of cobalt (0.1 to 0.5 
percent) detected in samples from the fissure zones are within the range 
of grades associated with world-cl ass economic deposits, the vol ume of 
material enriched in cobalt at the study site is insufficient to warrant 
consideration as a potenti a1 resource. Concentrations of manganese, 
nickel, copper, lead, zinc, barium, and thall ium, a1 though anomalous, 
are too 1 ow for economic consideration. 

At the study site, workings consist of three trenches and nine pits. 
The exploration history is unknown, and no production is reported. 

The investigation centered on a north-trending, east-dippi ng system 
of narrow, mineralfzed fissures intermittently exposed for 400 ft along 
strike. Mineral i zation consists predominantly of aragonite, asbol ane 
(cobalt i an wad), pyrol usi te, and psi 1 omel ane . Manganese oxides occur as 
distinct inter1 ayers with aragonite and exhibit colloform texture. The 
fissures cut, and aragonite 1 ocal ly rep1 aces, poorly sorted conglomerate 
which is underlain at shallow depth by carbonate rocks. Carbonate beds 
strfke N. 17' to 35' E., dip 42' to 45' SE, and may be associated with 
the Permi an Kai bab and/or Toroweap Formations. Basement rocks to the 
northwest and west of the study site are cut by the northeast-trending 
Gold Butte fault. 

Eighteen rock samples were collected at the study site, and three 
samples were taken from an exposure of the Gold Butte fault. In 
addition to manganese, fissure zones at the study site were determined 
to be enriched in cobalt, copper, lead, zinc, barium, nickel, and 
thallium. Cobalt concentrations ranged from 1,030 to 4,935 ppm, and 
manganese concentrations ranged from 0.98 to 3.6 percent. Enrichment of 
most of the elements was probably due to adsorption by hydrous manganese 
oxides from circulating meteoric water in near-surface weathering 
conditions. 

Forty-one soil samples were collected at 50- to 100-ft intervals 
from three transects surveyed across the fissure system; 23 additional 
samples were taken at 200-ft intervals from a 4,400-ft transect surveyed 
northwest of the study site. Analyses showed modest increases in 
cobalt, lead, and mercury over the fissure zone. 



Radiometric, magnet i c y  and very low frequency (VLF) electromagnetic 
surveys over the transects exhibited a var ie ty  o f  responses. 
Electromagnetic surveys showed d i s t i n c t  in f lec t ions  over the f issure 
zone and over an inferred project ion of the Gold Butte fau l t .  Magnetic 
i n tens i t y  over the Gold Butte f a u l t  was low, suggesting demagnetization 
o f  country rock by hydrothermal sol utions. Radiometric readings were 
general ly low, ranging between 10 and 30 counts per second 

INTRODUCTION 

Puraose and Sco~e 

The U. S. Bureau o f  Mines (USBM) conducts detai 1 ed s i  te-speci f i c 
invest igat ions o f  areas determined by previous USM and U. S . Geological 
Survey (USGS) investigations t o  have a high probabi 1 i ty o f  containing 
mineral resources. Emphasis i s  on s t ra teg ic  and c r i t i c a l  minerals a t  
s i t es  lacking su f f i c i en t  information t o  in terest  industry, o r  on lands 
t o  which access by the pr ivate  sector i s  restr ic ted.  Areas selected f o r  
s i te -spec i f i c  study are on publ ic lands and t yp i ca l l y  have had h i s t o r i c  
mining ac t i v i t y .  

S i  te -spec i f ic  studies are intended t o  i den t i f y  possible exploration 
targets and estimate mineral endowment where adequate data are 
available. Investigations generally consist o f  deta i led geologic 
mapping, geochemical sampl ing, geophysical surveys, and other 
appropriate methods which are employed t o  define targets sui table f o r  
fu r ther  investfgation. Excavation o r  d r i l l i n g  may be u t i l i z e d  i n  a 
subsequent phase t o  expose o r  otherwise confirm the presence and extent 
o f  a buried target. The resu l ts  o f  s i te -spec i f i c  investigations are 
made ava i l  able t o  the pub1 i c  i n  USBM Mineral Land Assessment (MLA) open- 
f i 1 e reports. 

Location and Access 

This USBM s i  te-speci f i c  invest igat ion involved a cobal t/manganese 
occurrence i n  the northern par t  o f  the 9,599-acre M i l l  ion  H i l l s  study 
area, a por t ion of a Bureau o f  Land Management (BLM) administered 
Wilderness Study Area (USA) i n  Clark County, NV ( f i g .  1). The 
occurrence i s  located approximately 33 m i  south o f  Mesquite, NV, 6 m i  
north o f  Lake Mead, and one-ha1 f mi le  west o f  the Nevada/Arizona border. 

Access from Mesquite t o  the area i s  gained by d r i v i ng  7 m i  west on 
In te rs ta te  15 t o  the Riverside e x i t  and t rave l ing approximately 40 m i  
south on the paved and graded New Gold Butte Rd. and 7 m i  east on 4- 
wheel -dr ive roads which lead through Garden Wash. Dr iv ing time t o  the 
s i t e  i s  nearly two hours. 

Elevation a t  the study s i t e  i s  2,500 ft. The surrounding t e r ra i n  
consists o f  a subparallel series o f  east-draining dry  washes separated 
by 50- t o  60-f t -h igh ridges composed o f  conglomerate underlain by 
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~ ~ G U R E  1.- Ipcation of a cobdt~kan~anese occurrence in the 
Million Hills study area, Clark County, NV 



bedrock. Sparse vegetation i n  the area consists o f  grasses, scattered 
shrubs, cact i ,  and other succulents. Climate i n  the area i s  t yp ica l  of 
the a r i d  southwest; m i ld  winters and hot, dry summers. 

Primary f i e l d  map coverage f o r  the study s i t e  i s  provided by the 
1983 provisional ed i t ion  o f  the Azure Ridge 7.5 minute (1:24,000 scale) 
and the 1953 ed i t ion  o f  the Gold Butte 15 minute (1:62,500 scale) series 
topographic quadrangles. The 1969 (revised) ed i t ion  o f  the Las Vegas 
l 'x  2' (1:250,000 scale) sheet and the Lake Mead 1:100,000-scale 
topographic map provide addit ional coverage. ELM natural -col o r  aer i  a1 
photographs (1-1-8 and 1-1-9) taken i n  1976 a t  a scale o f  1:31,680 
supplement the f i e l d  maps. 

Previaus Studies 

Longwell and others (1965) described the geology and mineral 
resources of Clark County, H\I, and Bohannon (1978, 1979, 1984) conducted 
several geologic studfes o f  the r ion. Other pert inent geologic and 7 st ra t igraphic  inve$tlgations i nc lu  e B w e r  and others (1958), Volborth 
(1962), Morgan (1968), and Brenner and Gl anzman (1979) . The nearby Go1 d 
Butte mining d i s t r i c t  and the k u r e  Ridge mine were studied by H i l l  
(1916) and Vandeetl (1937) and b r i e f l y  described o r  referenced i n  Yale 
(1906, 1907, 1908), 7 aramore and Yale (1909), Naraniore (1911), Hei kes 
(1913, 1914, 1916, 1917, 1919, 1921a, 1921b), Lincoln (1923), Hewett and 
others (1936), and Couch and Carpenter (1943). 

Nevada Bureau o f  Mines and Geology (Smith and Tingley, 1983a, 1983b) 
undertook a saw1 i ng  prdgram f o r  the BLM tha t  included rock samples 
taken f ~ o m  the M i l l  ion '  H i l l s  USA. A geology-energy-minerals study o f  
several WSA's, includjng M i l l  ion Hi1 1 s, was reported i n  Great Basin 
Geol ogy-Energy-Mineral s Jo in t  Venture (1983). 

Causey (1988) described the mineral resources o f  9,599 acres o f  the 
MSll ion H i l l s  WSA studied by the USW. I n  cooperation w i th  the USBM 
study, the USGS reported analyt ical  resu l ts  o f  samples taken from the 
Lime Canyon and M i l l i o n  H i l l s  USA's, NV (McHugh and others, 1989). 

plethods o f  Invest isat ion 

Phases o f  thi  s USBM mineral invlert igation i n c l  uded p re f  i e l  d, f i e l  d, 
and repor t  preparation during 1988-1990. Pref i e l d  studies entai led 
1 i brary research and USBM f i l e  perusal as wel l  as examination o f  Clark 
County and BLM mining claim records. A more detai led descript ion o f  the 
f i e l d  and analy t ica l  methods follows. 

F ie ld  Methods 

F ie l d  studies involved two phases o f  investigation. F i rs t ,  workings 
and rock outcrops a t  the s i t e  wet-e examined, mapped, and sampled. 
Second, geochemical soi  1 samples and geophysical data were col 1 ected a t  



50- t o  200-f t - intervals along four transectsy t o  i d e n t i f y  possible 
extensions o f  the mineral i r e d  zone. The d i s t r i bu t i on  o f  workings and 
outcrops and or ientat ion o f  geologic structures were used t o  determine 
the 1 ength and placement o f  the transects. Geophysical surveys included 
magnetic, very 1 ow frequency (VLF) electromagnetic, and radiometric 
techniques. 

Eighteen rdck saaples were col lected a t  the study s i te ,  and three 
addi t ional  rock samples were taken from a nearby f a u l t  zone. Rock 
samples were o f  four  types: 1) ---a regular series o f  rock chips 
taken i n  a contlntmus 1 ine across a mineral i r e d  zone o r  other exposure; 
2 dom chtg--a series o f  rock chips taken unsystematically from an 
e x p z r e  o f  a ariontly homogeneous rock; 3) ---fragments o f  rock PP chosen, genera ly, from the most h igh ly  mineralized rocks o f  a dump, 
stockpi le, o r  exposure, o r  any pa r t i cu la r  fract ion; and 4) d r i l l  
c u t t i n u g - - f r a m n t s  o f  rock flushed from a d r i l l  hole and recovered from 
around the co l la r .  Two addit iohal rock specimens were submitted t o  Ors. 
James R. Snook and Russell Boggs, respectively, a t  Eastern Washington 
University, Cheney, WA f o r  transmitted- and re f lec ted- l igh t  petrographic 
anal y s i  s . 

Although the geologic environment, f o r  e x a q l e  a r i d  cl imate and 
poorly developed soi ls,  was not considered par t i cu l  a r l y  favorable f o r  
s o i l  sampling, t h i s  w thod  was u t i l i z e d  t o  augment the geophysical data 
because o f  the lack  o f  rock exposures. Sixty- four s o i l  samples were 
taken a t  predetermined in terva ls  along the transects. Each s o i l  sample 
weighed a proximately one pound and was taken, where possible, from 
immediate y below the surface organic layer, presumably from the "B" 
horizon . e 

Analyt ical Methods 

Rock samples were crushed, pulverized, homogenized, spl it, and sent 
t o  a commerci a1 1 aboratory f o r  analysisY (measurable 1 i m i  t s  1 is ted wi th 
elements) . Soi l  santples were dr ied and sieved; the minus-80-mesh 
f ract ions were then commercially analyzed f o r  the same elements using 
the same techniques. Samples f o r  cobalt, manganese, nickel, copper, 
barium, thal l ium, and zinc were digested i n  Hf and HNO, and dissolved i n  
3 N (normal) HC1. Cobalt, manganese, nickel, copper, and zinc content 
were analyzed by flm atomic absorption spectroscopy, and barium was 
determined by induct ively coup1 ed argon-pl asma emission spectrometry. 

Para l le l  surveyed sample 1 ines. 

Cobalt (1 pprn), manganese (1 ppm), gold (0.1 ppb), s i l v e r  (0.2 
ppm), copper (1 pprn), lead (1 pprn), z inc (1 pprn), barium (10 ppm) , 
mercury (10 ppb), nicke l  (1  pprn), and t h a l l  ium (0.01 ppm). 



Thallium was extracted w i th  MIBK a f t e r  HF-HNO, digest ion and content was 
determined by electrothermal atomlc absorption spectroscopy. Gold 
content was analyzed by electrothermal atomic absorption spectroscopy 
a f t e r  d igest ion i n  aqua regia (HC1-HNO,) and ext rac t ion w i th  MIBK. 
S i l ve r  and lead content were determined by use o f  a flame absorption 
spectrophotometer equipped w i th  a background detector a f t e r  d igest ion i n  
aqua reg ia  w i th  d isso lu t ion i n  2 N HC1. Mercury was determined by cold- 
vapor hydride generation atomic absorption a f t e r  d igest ion i n  H2S04 and 
HNO,. Accuracy o f  analysis was checked by preparation and analysls of 
reference standards. 

Rock and s o i l  analyses are l i s t e d  i n  appendices A and B, 
respectively. Geophysical data are l i s t e d  i n  appendix C, and 
petrographic descript ions are i n  appendix 0. 
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GEOLOGIC SETTING 

The study s i t e  i s  i n  the Basin and Range physiographic province. 
Geology o f  the area has been studied and described by various authors, 
most notably Longwell and others (1965) and Bohannon (1978). The 
fo l lowing descript ions are based p r imar i l y  on t h e i r  work and from 
observations of the authors. 

Several rock types are exposed i n  the area ( f i g .  2). At the study 
s i t e  a t h i n  veneer o f  conglomerate covers most o f  the surface and 
unconformably overl  i es  Paleozoic sedimentary rocks, pr imar i  1 y t h i n -  
bedded carbonates. Permi an sedimentary rocks, exposed i n  three outcrops 
a t  the study s i t e  (pl.  l), consist o f  tan, gray and black, 
microcrystal 1 ine, foss i  1 i ferous 1 imestone. Beds s t r i k e  N. 17' t o  35' E. 
and d i p  42' t o  45' SE (pl.  1 and appendix A, nos. 9 and 10). These rock 
outcrops are on the projected s t r i k e  o f  1 i thological  l y  and s t ruc tu ra l l y  
s im i la r  rocks o f  the Permian Kaibab and Toroweap Formations which are 
wel l  exposed i n  the M i l l  ion  H i l l s  about one mi le  south ( f i g .  2). These 
Paleozoic rocks over l  i e  Precambrian g r a n i t i c  and metamorphic rocks. 
Both Precambrian and Paleozoic rocks host mineral deposits i n  the south 
pa r t  o f  the Gold Butte mining d i s t r i c t  e ight  miles southwest (Longwell 
and others, 1965, p l  . 12). Nearby outcrops o f  the Ter t ia ry  Horse Spring 
Formation, as well  as those o f  the Muddy Creek Formation and other 
younger volcanic rocks, are shown on f igu re  2 as undi f ferent iated 
sedimentary and volcanic rocks. 
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The Gold Butte f au l t ,  which trends N. 70' E. and i s  covered f o r  most 
of i t s  in fe r red  length (Longwell and others, 1965, p. 12), i s  a major 
s t ruc tu ra l  feature i n  the general area. The f a u l t  experienced s i x  t o  
seven mi les o f  l e f t - 1  a tera l  , s t r i  ke-sl i p  of fset  as i l l u s t r a t e d  on f igu re  
2 by the re1 a t i ve  locat ions o f  Tramp Ridge t o  the north and Azure Ridge 
t o  the south o f  the f au l t .  The roposal f o r  t h i s  invest igat ion was R based p a r t i a l l y  on the premise t a t  Gold Butte f a u l t  underlay the study 
s i t e  and was a conduit f o r  the cobal t/manganese mineral izat ion;  however, 
geophysical surveys conducted during the invest igat ion suggest t ha t  the 
f a u l t  juxtaposes Paleozoic and Precambrian rocks near ly 0.7 m i  t o  the 
northwest . 

A t  the study s i t e  conglomerate which hosts cobalt/manganese 
mineral i za t i on  i s  composed of de t r i t us  from most o f  the formations 
described above. The conglomerate u n i t  ranges i n  thickness between a 
few inches and several tens o f  fee t  and i s  composed o f  poorly sorted 
sand- t o  cobb le -s i te~c las ts  (up t o  several inches i n  diameter) of 
angular t o  subrounded carbonate and chert. The s i l t -  t o  sand-sized 
grains o f  the matr ix  are general ly not  cemented; however, i n  the 
mineral ized zone the matr ix  i s  indurated by carbonate cement, mainly 
aragonite. 

MINING HISTORY 

Sidney Whitmore, Las Vegas, NV, located the Quartz Lode mining c la im 
on the study s i t e  i n  February 1982; however, BLM records ind icate  the 
c la im i s  not  current. Workings a t  t h i s  prospect consist o f  three 
trenches, the longest o f  which i s  120 ft, and nine p i t s .  No information 
i s  avai lable on the explorat ion history,  and no production i s  reported. 

The study s i t e  i s  located on the eastern periphery o f  Gold Butte 
mining d i s t r i c t ,  the center of which l i e s  e ight  miles southwest (f ig.2). 
A c t i v i t y  i n  the d i s t r i c t  began i n  1873 w i th  the discovery o f  mica 
deposits near Gold Butte by Daniel Bone11 i ; minor in te rmi t ten t  
production i s  reported (Longwell and others, 1965, p. 126). Gold- 
bearing quartz veins i n  Precambrian metamorphic and g r a n i t i c  rocks were 
discovered i n  1905, and s i lver-bear ing copper and z inc deposits i n  
Paleozoic carbonate rocks were found i n  1907. In termi t tent  production 
o f  go ld  from the d i s t r i c t ,  p r imar i l y  from the Lakeshore mine, and 
s i l ve r ,  copper, lead, and t i n e  from the Tramp, Lincoln, and Azure Ridge 
(f ig. 2) mines i s  reported through 1962 (Longwell and others, 1965, 
p. 126-128). Other commodities reported t o  occur a t  various prospects 
i n  the mining d i s t r i c t  include vermicul i te; beryl ; green f l uo r i t e ;  the 
uranium minerals, carnoti te, uranophane, and autuni te; the uranium- and 
rare  earth-bearing mineral samarski te; t h o r i  um; the tungsten minerals 
scheel i t e  and powell i t e ;  the antimony-, tantalum-, and niobium-bearing 
mineral s t i  b io tanta l  i te; possible commercial -grade feldspar and quartz; 



and magnesite (Pampeyan and buyer ,  1965). I n  addition, germanium and 
g a l l  ium concentrations were detected i n  select  samples from the Azure 
Ridge mine (data on f i l e  a t  Bureau o f  Mines, WFOC, East 360 Third 
Avenue, Spokane, WA. 99202). 

No deposits o f  cobalt o r  manganese are reported i n  the Gold Butte 
d i s t r i c t .  The nearest reported cobal t  i s  associated w i t h  n ickel  and 
platinum enrichment a t  the Key West and Great Eastern mines i n  
Precambrian gneisses o f  the V i rg in  Mountains about 17 m i  north o f  the 
study s i t e  (Beal , 1964). Manganese i s reported 20 m i  t o  the southwest 
o f  the study s i t e  a t  the V i rg in  River deposit, the eastern most of 
several manganese deposits clustered around the Three Kids mining 
d i s t r i c t  (Schi l l ing,  1962). 

COMMODITY HIGHLIGHTS 

Cobalt and manganese are both considered t o  be "s t ra teg ic  and 
c r i t i c a l  materi a1 s" as defined by the Federal Emergency Management 
Agency and are important f o r  t h e i r  special propert ies i n  the defense and 
steel  industr ies. Estimated import re l iance i n  1989 f o r  cobal t  was 86 
percent and f o r  manganese 100 percent. Neither comnodity i s  produced i n  
the United States f o r  the major end uses. However, secondary cobalt i s  
domesti cal  l y  recycled from superall oy o r  cemented carbide scrap (U. S. 
Bureau o f  Mines, 1990, p. 48 and 106), and minor sporadic U.S. 
production o f  manganese, a t  low grades ranging from 5 t o  35 percent 
manganese, i s  u t i l i z e d  as a b r i c k  pigment and i n  the production o f  p i g  
i r o n  (Jacoby, 1983, p. 901). 

The highest known concentrations o f  cobal t  i n  the earthf  s crust  are 
i n  mafic and u l t ramaf ic  rocks, commonly i n  association w i th  copper and 
nickel .  Current world production i s  derived p r imar i l y  as a coproduct 
from stratabound copper deposits i n  Zaire and Zambia. Grades o f  these 
deposits range from 0.1 t o  2 percent cobalt. Domestic mine production 
o f  cobal t  ceased i n  1971. The Blackbird d i s t r i c t  o f  Lemhi County, Idaho 
was the largest  pro f i tab le  cobalt mining d i s t r i c t  i n  the U.S. u n t i l  the 
mine closed i n  1959. The cobalt grade a t  the Blackbird i s  reported t o  
be 0.6 percent (Kirk, 1985, p. 173-174). 

The minimum grade f o r  typ ica l  economic manganese deposits i s  
general ly 25 percent; most contain 25 t o  40 percent manganese. High- 
grade manganese ores (35 percent o r  greater) processed i n  the U. s., 
p r imar i l y  f o r  metal lurgical  applications, are a l l  derived from foreign 
sources. The major commercial sources are sedimentary deposits, and the 
largest  producers are the USSR and the Republic o f  South A f r i ca  (Harben 
and Bates, 1984, p. 286). Jones (1985, p. 486) notes "At current 
prices, there are no reserves o f  manganese ore i n  the United States 
containing 35 % o r  more manganese o r  from which conceh'trates o f  such ore 
could be comnerci a1 l y  produced.. . The average grade o f  manganese i n  
these (domestic) deposits i s  less than 20 %, generally less than 10 %." 



PRESENT INVESTIGATION 

Descri  ti on of Occurrence 

Three trenches and nine pits at the study site (pl. 1 and fig. 3) 
expose a north-trending network of fissures partially to completely 
'Ti 11 ed with aragonite, calcite, and cobal t-bearing manganese oxides. 
Fissures generally dip steeply, up to 75' to the east, range in 
thickness between a few inches and six feet, and cut partially indurated 
conglomerate . The mineral occurrence is intermittently exposed for 
approximately 400 ft along strike from the float at sample site no. 1 to 
the south end of the trench at sample site no. 18 (pl. 1); the 
subparallel fissures are up to 50 ft apart on the surface. Figure 4 
i 1 1 ustrates the typical appearance of f i ssure-f ill i ng aragonite and 
encrusted manganese oxides exposed in the workface of a trench at sample 
nos. 2 to 5 (pl . 1). Atypical of the study site is the shallow westward 
dip of the partially aragoni te-fil led fissure exposed in this trench, 
which possibly follows a bedding plane in the conglomerate. A pit at 
sample site no. 7 is on an open fissure determined to be at least 20 ft 
deep. The walls of the fissure are encrusted with black manganese 
oxide . 

Detailed transmitted- and reflected-light petrographic analyses of 
two select rock specimens are contained in appendix Dj At least three 
dl fferent manganese mineral s are present: 1) asbol an&, a hydrous 
manganese oxide containing cobalt oxide; 2) pyrolusite, a manganese 
oxide and the principal ore of manganese; and 3) psilomel ane, a hydrous 
manganese oxide of variable composition commonly containing bari um. 
Figure 0-1, a photograph of the select rock specimens, shows manganese 
encrustations on comb-structured aragonite in carbonate-cemented 
conglomerate. Fissures are predominantly aragoni te-fil led with 
manganese oxides occurring as dl sti nct i nterl ayers with coll oform 
texture, as random fragments, and as individual rounded coll oform 
masses. Aragonite has replaced grains of country rock as well as 
manganese oxides. 

Rock Samol i nq 

Sixteen rock samples were collected from exposured fissure zones and 
from mineralized float at the study site (pl . 1, nos. 1-8 and 11-18). 
To provide a comparative backgrourid geochemical signature, two samples 
were taken of country rock at the site (pl. 1, nos. 9 and 10) and three 

Cobal tian wad, a1 so known as asbol ite, earthy cobalt, or black 
cobalt; wad is a mixture of hydrous manganese oxides and other 
oxides, i f i  this case primarily (up to 40 percent) an oxide of cobalt 
(COO) (Palache and others, 1944, p. 566 to 571). 



FIGURE 3 .  - -0bl ique aeri a1 view west o f  workings at a cobal t/manganese 
occurrence 



FIGURE 4. --Massive aragonite and cobalt -beari ng manganese encrustations 
in fissures viewed in pit at sample local i ty nos. 2-5 



additional samples were taken from exposured rock along the Gold Butte 
fault about five miles west of the study s i te  (fig. 2, nos. 19-21). 
Sample descriptions and chemical analyses of the rock samples are 1 isted 
in appendix A. 

Twelve (pl. 1, nos. 1, 4, 7, 8, and 11-18) of the 16 mineralized 
samples contained concentrations of cobalt and manganese, as well as 
copper, lead, zinc, barium, nickel, and thallium, significantly elevated 
above the country rock samples taken from the s i t e  and those taken from 
Gold Butte fault. Ranges and average concentrations for these 12 
samples are il isted in table 1, For comparison, the average crustal 
abundance for these elements in carbonate rocks are shown in 
parentheses. All of the reported ranges and averages for these elements 
in the 12 rock samples from the study s i t e  significantly exceed average 
crustal abundance for the rock type present. . 

Concentrations of gold, silver, and mercury are generally a t  or 
below those typical of carbonate rocks in the earth's crust (Levinson, 
1980, p. 43-44). Analyses of samples from the 601d Butte fault (fig. 2 
and appendix A, nos. 19-21) do not  show a significant correlation with 
samples from the study site. 

Geochemical Soi 1 Survevs 

Forty-one soil samples were collected a t  50- t o  100-ft intervals 
from three west t o  east transects oriented perpendicular to the presumed 
trend of the fissure zone (pl. 1, transects I ,  11, and 111). Transects 
I and I1 were surveyed over known exposures; transect I11 was surveyed 
north of the occurrence to determine i f  any extensions of the 
mi neral i zed zone could be detected. Twenty-three additional soi 1 
samples were collected a t  200-ft intervals from a 4,400-ft-long transect 
trending N. 35' W. from the center of the cobalt/manganese occurrence t o  
a small outcrop of Precambrian (?) crystalline rocks (pl . 1 and fig. 2, 
transect IV) t o  determine i f  the Gold Butte fault could be identified. 
Chemical analyses of the soil samples are 1 isted in appendix B, and 
geochemical profiles and geologic cross-sections of transects I-IV are 
shown on plate 2. 

A1 though several element profiles fluctuated, only cobalt, 1 ead, 
thall ium, and possibly mercury, showed distinct increases over known 
exposures of the fissure zone. Manganese concentrations f l  uctuated 
radically, b u t  no clear fissure zone signature was evidenced. 
Dispersion of elements in the soil may be a factor. None of the 
geochemical profiles over transect 111 showed a correlation to the 
projected 1 ocation of the mineral ized zone. Geochemical profiles of 
transect IV show coincidental increases in concentrations of manganese, 
zinc, nickel, copper, cobalt, and barium a t  the 2,000-ft station. The 



Tab1 e 1. --Ranges and average concentrations o f  selected elements 
i n  12 rock samples from a cobal t/manganese occurrence 
i n  the M i l l i o n  H i l l s  study area, Clark County, Nevada 

Element Concentrations 
12 samples, Co/Mn study s i t e  Average f o r  

Element Units = -  - L o w  Hiah Averaqe carbonate& 

Cobalt 

Manganese 

Copper 

Lead 

Z l  nc 

Bari um 

Nickel 

Thall  i urn 

1/ Levinson, 1980, p. 43-44. 
Average f o r  earth's crust. 



concentrations o f  t h a l l  i um and mercury, apparently correlated with 
mineral izat ion a t  the study site, do not show a corresponding behavior. 
Enrichment o f  these elements a t  the 2,000-ft stat ion may be due t o  
elevated (pl  acer) concentrations i n  the c o l l  uvium rather than a 
mineral i zed zone i n  the underlying bed rock. 

Geo~hvsi cal Survevs 

Radiometric, magnetic, and VLF electromagnetic geophysical surveys 
were conducted over the same transects u t i l i z e d  f o r  the eochemical s o i l  !b surveys (pl  . 1 and f ig .  2, transects I-IV). Instruments used 
included: 1) a GR-1OlA gamma ray scint i l lometer with a resolution o f  + 
1 cps; 2) a 6-836 portable proton magnetometer with a resolution o f  + 10 
gammas; and 3) an EM-16 VLF receiver wi th  a resolution o f  + 1 percent. 
Data are l i s t e d  i n  appendix C, and geophysical p ro f i les  and geologic 
cross-sections are shown on plate 2. 

Radiometric readings were low, ranging from 10 t o  30 cps. Over the 
f issure zones o f  transects I and I1  (pl  . 2) readings generally ranged 
from 10 t o  15 cps, whereas readings commonly increased a t  the extreme 
ends o f  the transects. Transect I11 shows spurious results, i r regul  ar 
and low t o  the west and high t o  the east. 

Total magnetic in tens i ty  prof i 1 es over transects 1-111 show no 
d i s t i n c t  pattern or  signature over the occurrence; however, clear 
i n f l ec t i on  points are observed i n  each o f  the electromagnetic p ro f i les  
1-1 I I. The presence o f  a conductive body may be indicated; however, the 
VLF electromagnetic method i s  very sensitive t o  fau l ts  and rock 
contacts. The p r o f i l e  in f lect ions may only represent the presence o f  
the f issure ( faul t?) zone. It i s  noteworthy that transect 111 shows a 
clear crossover which suggests continuation o f  the control 1 ing structure 
north o f  the ident i f ied  exposures. 

A d is t i nc t  magnetic response i n  the form o f  a low i s  shown a t  the 
3,800-ft stat ion o f  transect I V .  This corresponds t o  a complex but 
pronounced crossover o f  the electromagnetic in-phase and quadrature 
pro f i les  a t  the same location. The coincidence o f  the geophysical 
response with the nearby (600 ft or  less) outcropping o f  crystal1 ine 
rocks suggests a f a u l t  contact zone such as the 601d Butte fau l t .  The 
1 ow magnetic response i s  probably due t o  demagnetization o f  the country 
rock by hydrothermal sol u t  i ons , a common phenomenon. 

y' Product names or  references are f o r  information purposes only and do 
not constitute an endorsement by the U.S. Bureau o f  Mines 



APPRAISAL 

Discussion 

The manganese mineral s present typically precipitate at atmospheric 
temperatures under oxidizing conditions, and the textures and presence 
of aragoqi te suggest a re1 atively low temperature of deposition. 
Interlayering of man anese oxides and aragonite, comb structures, and i! coll ofom textures o served in petrographic analyses indicate open-space 
deposition of manganese either from solution or a coll oidal suspension. 
Cobalt detected in rock and soil samples is evidently contained in the 
mineral asbol ane (cobal ti an wad). 

The selective enrichment of several elements in the fissure system, 
especially cobalt, nickel, and copper, is suggestive of a mafic or 
ultramafic source; however, none is in evidence near the study site. 
A1 ternatively, Levinson (1980, p. 134-136) describes a mechanism which 
selectively concentrates soluble metals by adsorption in near-surface 
weathering condf ti ons which are generally oxidizing. According to 
Levinson, adsorption of metals, especially cobalt, nickel, and copper, 
by hydrous oxides of iron and/or manganese is a comnon phenomenon where 
drainage is restricted and a1 ternating wet and dry weathering conditions 
exist. 

The origin and full extent of the fissure system along which most of 
the mineral i zation is concentrated is unknown. Evidence suggests the 
subparallel fissures extend for at least 400 to 500 ft along strike and 
that they are spread laterally over about 50 ft. Observed 
mineralization is confined to the fissures which, in turn, are nearly on 
strike with bedding of the underlying Paleozoic carbonate rocks 
suggesting that circulating waters may have followed the bedding pl anes 
and exited at a break in slope. There is no evidence to demonstrate 
metal 1 ic enrichment at depth. 

Conclusion 

Cobalt and related metals enriched at the study site probably 
precipitated at or near the surface from circulating meteoric waters 
which contained signi ficantly lower concentrations o f  the elements. 
Contributing conditions include an a1 ternating wet and dry oxidizing 
environment, near-surface drainage 1 imi ted or control led by shallow bed 
rock and a localized fissure system, and concentrations of hydrous 
manganese oxides. The concentrations of cobalt (0.1 to 0.5 percent) 
detected in rock samples from the fissure zones are within the range of 
grades associated with worl d-cl ass economic deposi ts ; however, the 
observed volume at the study site is too small to be considered a 
potential resource. Because the source of cobalt concentrated in the 
fissure zones has not been determined, further investigations, such as 
geochemical sampling and analysis of well and spring water in the 
general area, are warranted. Concentrations of the other elements 
present, a1 though anoiialaus, are insufficient to warrant considerati on 
as a potential resource. 
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APPENDIX A.--Descriptions and chmica l  analyses o f  rock samples fm a cobalt/rnanganese occurrence 
i n  the M f l l  i on  H i l l s  study area, Clark County, Nevada 

[%, percent; pprn, par t  per m i l l  ion; ppb, par t  per b i l l i on ;  
NA, not applicable; N, none detected] 

Samal e ? 

Length Co Mn Au Ag Cu Pb Zn 8a Hg Ni T I  
No. Tvoe lft) Descriotion -.  --+ -1 [XI foobl .Ippml. f ~ ~ n ) l  toam) (om) -1 ta~b) l o ~ ~ a l  

1 Select NA Float of manganese-oxide-cemented 1440 1.6 1.5 N 113 290 S 1590 30 313 3.9 
conglomerate; manganese i s  massive t o  
den t r i t i c .  

2 Chip. 0.6 F i r s t  o f  f i v e  sanp1.e~ (t6p t o  b&tem) through 36 .a45  3.3 N 
seetlon expasad i n  26- f t - lmg tmd, 
This sample throu 0.6 ft o f  senrf- 
conselfdated cong S" omrate wl th  cal iche 
seam along upper and lowet. contacts. 

3 do. 

4 Select. 

3.0 Consolidated, pink, subangular, sandy 
conglomerate wi th  plnk carbonate matrix; 
c lasts  o f  carbonate and chert range from 
1/4 in. t o  3 in. i n  diaaater. 

NA Band o f  black, layered, globular- t o  
botroidal  -shaped manganese 0x4 des 0.1 
ft thick. Manganese oxides are layered 
on the ends o f  the comb structures. 

5 Chip. 3.0 White, massive t o  banded aragonite wi th  
minor ca lc i te  occrtrs as rad la t ing t o  
granular c lusters o f  crystals wIth 
minor, fine-grained, s i l  ieate Sand as 
contaminant along crystal  boundaries. 

6 Random 
chip. 

NA Across 0.05-ft-thick zone o f  banded, beige 158 .I950 .7 
t o  pink rock exposed at  base o f  aragonite 
and manganese-oxide zone. 



APPENDIX A. --Descriptions and chemical analyses o f  rock samples from a cobal t/manganese occurrence 
i n  the M i l  1 ion  Hi1 1s study area, Clark Cettnty, Nevada--Continued 

Sam1 e 

No. Tvoe Desc r i ~ t i on  

7 Chip. 0, l  Massive, dendritlc, and bloom o f  manganese 4120 3.1 0.6 N 333 495 2095 1760 40 1265 8.5 
oxides encrusts hanging wall o f  open 
f issure at  least 20 ft deep exposed i n  
pi!. Fissure str ikes N. 27' W. and dips 
70 NE. 

8 Select. Nd Layeredmanganese-oxide-richcarbonaterock 4935 3.6 1.0 N 343 1205 2030 3100 N 1280 9.2 
up t o  10 in.  th ick  fm dump o f  small p i t .  

9 Ranfh NA Acmss 50-ft-long by 20-ft-wide outcrop o f  
chip. massive, black t o  brow#+ i ron -ox td -  

encrusted 1 imestane; fresh surface 1 s 
mottled ten t o  pink and mi crocrysta l l  h e .  
W i n g  s t r ikes N. 17' E. and dips 45. SE. 

NA Across 25-ft-wide outcrop o f  l i g h t  gray t o  39 ,0405 1.7 N 
tan, mssive, foss i l  i femas 1 intestone 
weathered t o  medium gray calor. W n g  
s t r i kes  H. 35' E. and dips 42' SE. 
Limestone cat by 0.5-in.-thick t raver t ine 
vein and nanmroas 0.2-in.-thick veins o f  
mangamse oxide. 

do. 

Random NA I r regular  pod o f  manganese-oxide-ce~leclted 3920 4.0 .6 N 315 1012 1695 2950 N 1150 9.8 
chip. conglomerate expesed i n  4-ft-diameter p i t .  

12 Chip. 2.0 Zone o f  massive manganese oxides and 
aragonite str ikes N. 20' E. a d  dips 45'- 
70' S€. i n  congtomerate exposed I n  3.2- 
ft-deep p i t .  Manganese oxide occurs as 
matr ix and as i rregular encrustatf ons. 

D r i l l  3.0 Hole col lared i n  bottom o f  p i t  and d r i l l e d  
cutt ings. i n t o  fostwall o f  zone described i n  sample 

12. Cuttings are composed o f  dark gray 
manganese oxides, carbonate, and chert. 



APPENDIX A.--Descriptions and chemical analyses o f  rock samples from a cobalt/manganese occuihtfCe , 

i n  the H i l l  ion H i l l s  study area, Clark County, Nevada--Continued 

Samlc 
Length Co Mn Au Rg Cu Pb Zn Ba t@ NS TI  

NO. T V D ~  (ft l D e ~ c r i ~ t i o n  ( D a l n S . 1  (~(~oal @mL@alIDDI1(PnOl)ID#) (bDh1 ~B&JJB& 

14 do, 2.5 Cuttings of hard, l i g h t  gray carbonate 1030 .9800 1.8 N 94 710 304 840 10 190 5.0 
rock recovered from bottom in terva l  o f  
d r i l l  hole. 

Random NA Sample o f  manganese-oxide-rich stringers 1585 2.1 1.1 N 141 1250 493 1850 15 286 12 
chip. and pods contained i n  zone o f  manganese- 

oxide-cemented cmglomerate which s t r lkes 
N. 10" E. and dips 58' SE. 

16 Chip. 1.2 Across zone o f  aragmite w i  t b  b l e b  and 2210 1.8 1.1 N 192 1015 670 1120 10 369 4.5 
str ingers o f  nianganeze oxides; zeae 
s t r ikas N. 6' E., and dips 75' SE. i n  
congl m r a t e .  

Chip. 1.2 Same zone as sample 16; manganese oxide 1225 1.6 1.3 N 119 280 990 512 20 368 2.0 
occurs as massive replacemnt, stringers, 
and denderi tes i n  matrix o f  conglocnerate. 

18 do. 0.5 Sam zone as sample 16; str ingers o f  
mangarrese oxlde i n  congloa#rate. A 
cross-cutting veinlet  o f  manganese oxide 
s t r ikes N. 65' W. and dips 75' NE. 

19 Radon NA Sample on north side o f  f a u l t  trace across 
chip. 15 ft o f  l i g h t  t o  dark b r m ,  fr lable,  s i l t y  

t o  sandy rock which has been intensely 
fractured. 

20 do. 

21 do. 

NA Sample on south side o f  f a u l t  trace across 
30 ft o f  sheared, intensely a rg i l l i zed  and 
iron-oxide-stained gneiss. 

NA Sample continues south from end o f  sample 20 16 .0660 12 
across 100 ft o f  iron-oxide-stained, 
arg i l l i zed,  f r i ab le  gneiss. 
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APPENDIX B 

Theml cal  &a13is$i of sol 1 sanibl es from a cabal t/manganese 
qccurrence i n  the M i l l  ion Hi1 1 s study area, Clark County, Nevada 



APPENDIX B. --Chemical analyses of soi 1 samples from a cobal t/manganese occurrence 
in the Mil 1 ion Hills study area, Clark County, Nevada 

(ppm, part per million; ppb, part per billion; N, none detected) 

Transect Station Co Mn Au AS Cu Pb Zn &a Hg Ni  TL 
no. no. Ift 1 i o&(amJ i ~ ~ b l   ID^) (oom) -1 C D ~ ) ,  m. f-, 



APPENDIX B . - -Chemi cal analyses of  so i 1 sampl es from a cobal t/manganese occurrence 
i n  the M i l  1 ion H i  11 s study area, Clark County, Nevada--Continued 

Transect Station Co Mn Au AS Cu W Zn Ba NI NJ T I  
o . ( f t l  born) ( ~ m )  [ D D ~ )  DDQ) I D ~ I  [DQIB) h ~ n J  ( ~ m )  D R ~ )  ( D D ~ ]  ( DMI~)  



APPENDIX B. --Chemical analyses of soil samples from a cobal t/manganese occurrence 
in the Mil 1 ion Hi 1 1  s study area, Cl ark County, Nevada--Continued 

Transect Station Co Mn Au Ag Cu Pb Zn Ba HSI N i TI 
no. no.(ftl (~ml-b~. 



APPENDIX C &. -. m - A- 
Geo hysical data f r o m  a cobalt/manganese occurrence i n  the P Hi 1 ion Hi1 1 s study area, Clark County, Nevada 



. -k .~- . .  . 
APPENDIX C . --Geophysical data from a cobal t/manganese occurrence in the 

Million Hills study area, Clark County, Nevada 

[cps, count per second; %, percent] 

VLF Electromagnetic 
Transect Station Radiometric Magnetic In-phase Quadature 

no. no. ( f t )  f CBS) f a m a s  f %I f%) 



APPEMIX C. --Geophysical data fCon1 a ctibai t/aansanese occurrence in the 
Mil 1 ion Hills study area, Clark County, Nevada--Continued 

VLF Electromagnetic 
Transect Station Radiometric Magnet i c In-phase Quadature 

no. ft 0 



APPENDIX D 
* .  L .  & - 4-  -4. . 
Petrographic analyses o f  rock specimens from a cobalt/manganese 
occurrence i n  the Million Hills study area, Clark County, Nevada 

* 



Petrographic Analysis of Sample WS-1309 
by Transmitted Light 

Two-tliirds of saaple WS-1309 (fig. D-1) is a sandy conglomerate 
(intrasparrrtdite c w s e d  ~f lorwe clasts of carbonate and chert. One- I third of the roc is canposed of dendritic ?) manganese opaques and 
sparry aragohlte. f i e  silt- and sand-size 6 grains in the conglomerate 
matrix are quartz, potassium feldspar, chert, mscovf te, biotite 
(st4 lpnomelanel), turf'Hha1 ine, and zircon in a matrix of carbonate. The 
pebbles are mostly intracl asts of cl astic micri te, which appears 
fossil iferous or at least elletal, and dolomite. One pebble is chert 
and another is cCalo18itic c / ert. The finer matrix is sandy micrite and 
sparry carbonate (Mstly aragonite . The large carbonate cl asts are 
rectangular, r6mkted, and contain 1 ragrnents which look like partial 
chambers from gastropods(?), and other fibrous fragments appear to be 
parts of pelecypad shells. Spheroids are also present within some 
cl asts and may represent ei the? fecal pel 1 ets or recrystal 1 ired ool i tes . 
The 1 argest cl ast is approximately one centimeter long. 

The contact between the coarse cl astic carbonate portion of the rock 
and the manganese-carbonate portion is marked by a coarse comb- 
structured aragbnite, 0.3 ma across, capped by a thin layer (0.01 ma) of 
manganese opilqaes (f ig. 0-2). This feature is a1 so found in sample WS- 
131% but the aragonite is finer grained (0.05 mm) in WS-1310, This 
indicates open-space fill ing for at 1 east the manganese opaque 1 ayer and 
underlying ava@ni te eombs. The manganese opaque/aragoni te portion of 
the rock is charaeterired by coarse 10.05 to 1.8 mm) sparry aragonite 
and globular to elongate raunded masses of manganese opaques. Some of 
the opaques are branching and globular and are similar in gross design 
to some forins of staghorn coral this is for comparison only - no 
re1 ationship to coral is intende 6 ) . The rounded manganese masses have 
inter1 ayered crescent-shaped 1 enses of sparry aragonite. It has the 
appearance of col l~idal deposition. The sparry aragonite in the 
manganese-rich port ion of the rock contains abundant fluid inclusions. 
The concentration of these inclusions is highest adjacent to the 
manganese opaques and grades to nearly zero midway between the opaques. 
A sparry aragonite veinlet in the clastic portion of the rock also 
contains fluid inclusians, but their concentration is irregular and not 
obviously related to any segment of the sample. 

dames R. Snook 
Certified Professional Geologist 1718 



FIGURE D- 1. - -Cobal t/manganese-beari ng rock specimens on which 
petrographic analyses were conducted 



P.. .. 8 .-. 
~an~anese Opaques 

Aragonite 
Comb Structure 

FIGURE D-_2-l&g~tion shows botryoidal-shaped manganese opaques 
on comhtructured aragonite 



Petrographic Analysis o f  Sample WS-1310 
by Transmitted L ight  

Sample WS-1310 ( f i g .  D-1) contains ear l y  fragments o f  sandy m ic r i t e  
which are p a r t i a l l y  replaced by sparry c a l c i t e  and aragonite. Some o f  
the sparry carbonate i s  c a l c i t e  (shows rhombohedra1 cleavage) and some 
i s  aragonite (shows b iax ia l  f igure). M i c r i t e  i s  also present i n  
irregular-shaped areas throughout the rock and appears t o  be replaced by 
coarser aragonite. Manganese opaques occur as: 1) d i s t i n c t  1 ayers 
bounded on one side by col loform texture, 2) random fragments, and 3) 
ind iv idua l  rounded c o l l  oform masses. 

The rock i s  mostly aragonite (and some ca lc i te )  and manganese 
opaques. Minor quant i t ies o f  quartz, feldspar (pr imar i ly  potassi um 
feldspar), a1 1 ani te(?) , s t i l  pnomel ane(?) , and col  1 ophane occur as f i ne -  
t o  medi um-sized sand part ic les.  Chert occurs i n  i r r egu l  ar-shaped masses 
which appear t o  be p a r t i a l l y  replaced by aragonite. Aragonite occurs i n  
layers marked by impurit ies, changes i n  gra in  size, o r  dif ferences i n  
g ra in  or ientat ion.  Aragonite gra in  s ize varies from 0.02 t o  2.0 mm. It 
l o c a l l y  1 ines pore spaces as small euhedral masses. Most o f  the 
aragonite occurs i n  granular masses, w i t h  and without impurit ies, and 
oriented c rys ta ls  t yp ica l  o f  open-space f i l l i n g .  Local ly  i t  has 
impur i t ies  which appear t o  be zoned a1 ong crys ta l  1 ographic d i rect ions.  
The impur i t ies  are p r imar i l y  f i ne ly -d iv f  ded (less than 0.005 mm) 
opaques, probably manganese oxides. F l u i d  inclusions are a1 so present 
locaq l y  . Inclusions and impur i t ies l o c a l l y  set o f f  the comb structure 
by t h e i r  or iented d i s t r i bu t i on  i n  the outer few microns o f  the aragonite 
crystals.  Other combs are v i s i b l e  because o f  the concentration o f  

impur i t ies  j u s t  outside o f  the c lea r  combs o f  aragonite. The m i c r i t i c  
areas o f  carbonate appear fossi  1 i ferous . El ongate fragments and rounded 
forms are too nebulous t o  be iden t i f i ed .  Some o f  the rounded forms may 
be recrys ta l  1 i zed pel 1 ets . 

The manganese opaques show rounded botryoidal shapes on some 
c rys ta ls  ( f i g .  0-2). The other side o f  one o f  these layers  shows 
pointed aragonite crys ta ls  (comb structure) penetrating the manganese 
opaques. The ind iv idua l  c o l l  oform grains contain a1 ternat ing 1 ayers o f  
manganese opaques (a t  1 east two d i f f e r e n t  mineral s) and sparry aragonite 
o r  m i c r i  te. Some o f  the manganese opaques are i r regu la r  i n  shape and 
appear t o  be fragmental o r  broken pa r t i c l es  o f  o r ig ina l  layered opaques. 
Local 1 y the fragments show pressure-sol u t  i on contacts w i th  aragonite, 
a t  l eas t  on one side. The manganese opaque textures are pr imar i ly  those 
associated w i th  open-space f i l l  i ng  and co l lo ida l  deposition (globular 
forms). The fragmental textures appear post depositional and have been 
p a r t i a l l y  replaced by aragonite. The aragonite i s  a l l  secondary and 
1 ocal 1 y has rep1 aced mic r i  te, chert, sand grains, and manganese opaques . 

James R. Snook 
Ce r t i f i ed  Professional Geologist 1718 



Petrographic Analysis of Sample WS-1310 
by Reflected Light 

The opaque manganese minerals i n  sample US-1310 consist of a t  leas t  
three different minerals. They occur as colloform 1 ayers with each 
1 ayer consisting o f  one or  more man anese minerals. The two most common S minerals, which occur in about equa amounts, are asbolane, 
(Co,Ni ) r(Mt02) I(OH) (OH)% *nH 0, and el ther pyrol usi t e ,  (HnO) or  

f 4' ramsdell I t e ,  (&a) . The %ird mineral, w ~ ~ c h , ~ c c u r s  i n  some a t  lesser  
mounts, is  rmanc i t e  (psilomelane), BaMn f4~1 &,,(OH),. These 
identifications must be considshd tentative due to  the similar optical 
properties of many of the manganese oxide minerals. Further 
veri f i cat1 on would require ei ther  X-ray diffraction and/or electron 
mi croprobe examination. 

Asbol ane occurs as fibrous masses generally oriented approximately 
perpendicular t o  the collofom layering. I t  i s  characterized by its 
pinkish brown color and 1 eochroi sm, 1 ow reflectance, moderate t o  strong 
anisotropy, and pinkish 1 rown anisotropic colors. In most cases 
romanchi t e  occurs i nters t  i t i a1 t o  the asbol ane fibers . 

Romanchite  occur^ as separate colloform layers w i t h  a radial fibrous 
t o  cryptocrystalline texture and as in t e r s t i t i a l  material in the 
asbolane layers. I t  is characterized by i t s  moderate reflectance, white 
color, fibrous texture, and moderate t o  strong anisotropy with no 
d i  sbi nct coloration. 

Pyrol usi t e  (or ramsdell i t e )  occurs as fine granular to  
cryptocrystall ine col loform 1 ayers, intergrown i n  some cases w i t h  
romanchi te .  I t  is characterized by moderate reflectance, white color, 
moderate t o  strong anisotropy (although not readily observed due t o  the 
small grain s ize) ,  and ye1 1 owl sh ani sotropi c colors. 

Manganese oxide mineral 1 ayers are inter1 ayered w i t h  the carbonate 
mineral s (calci te  and aragonite) . The 1 ayered nature and the coll oform 
textures indicate wen-space deposition either from solution or a 
co1 loidal suspension (with 1 a te r  recrystal 1 ization of the colloidal 
gel ) . The textures and presence of aragonite would generally indicate a 
re1 atively low temperature of deposition. Some of the layering has been 
disrupted t o  a minor extent and fragments of the manganese oxide layers 
redeposited i n  the carbonate 1 ayers. 

Russel 1 Boggs 
Associate Professor of Geology 
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