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UTAH GEOLOGICAL AND MINERALOGICAL SURVEY

The Utah Geological and Mineralogical Survey was authorized by act of
the Utah State Legislature in 1931; however, no funds were made available
for its establishment until 1941 when the State Government was reorganized
and the Utah Geological and Mineralogical Survey was placed within the new
State Departement of Publicity and Industrial Development where the Survey

functioned until July 1, 1949. Effective as of that date, the Survey was trans-
ferred by law to the College of Mines and Mineral Industries, University of

Utah.

The Utch Code Annotated 1943, Vol. 2, Title 34, as amended by chapter
6 Laws of Utah 1949, provides that the Utah Geological and Mineralogical
Surtvey ‘“shall have for its objects”:

1. “The collection and distribution of reliable information regarding the
mineral resources of the State.”

2. “The survey of the geological formations of the State with special ref-
erence to their economic contents, values and uses, such as: the ores of the
varicus metals, coal, cil-shale, hydro-carbons, oil, gas, industrial clays, cement
materials, mireral waters and other surface and underground water supplies,
mineral fertilizers, asphait, bitumen, structural materials, road-making ma-
terials, their kind and availability; and the promotion of the marketing of
the mineral products of the State.

3. “The investigation of the kind, amount, and availability of the various
mineral substances contained in State lands, with a view of the most effective
and profitable administration of such lands for the State.

4, “The consideration of such other scientific and economic problems as,
in the judgment of the Board of Regents, should come within the field of the
survey.

5. “Cooperation with Utah state bureaus dealing with related subjects,
with the United States Geological Survey and with the United States Bureau
of Mines, in their respective functions including field investigations, and the
preparation, publication, and distribution of reports and bulletins embodying
the results of the work of the Survey.

6. “The preparation, publication, distribution and sale of maps, reports
and bulletins embodying the results of the work of the Survey. The collection
and establishment of exhibits of the mineral resources of Utah.

7. Any income from the sale of maps and reports or from gifts or from
other sources for the Survey shall be turned over to the State Treasurer and
credited by him to a fund to be known as the Survey Fund to be used under
the direction of the Director of the Survey for publication of maps, bulletins
or other reports of investigation of the Geological and Mineralogical Survey.”

The Utah Geological and Mineralogical Survey has published maps, cir-
culars, and bulletins as well as articles in popular and scientific magazines.
For a partial list of such publications see the inside back cover of this bulletin.
For other information concerning the geological and mineralogical resources of
Utah address:

Director, UTAH GEOLOGICAL AND MINERALOGICAL SURVEY

College of Mines and Mineral Industries
University of Utah
Salt Lake City, Utah
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PREFACE

To Second Impression

As noted in the Introduction, this circular was first
released (in 1948) as a progress report to serve the interim
until the appearance of the more exhaustive study by Professor
Kenneth C. Bullock. His treatise, entitled "The Geology of
Lake Mountain, Utah," is now available as Bulletin No. 41 of the
Utah Geological and Mineralogical Survey, price $1.00.

However, since Dr. Bullock gave most of his attention
to general geology, stratigraphy and geomorphology, there is
still need for the present circular until a more detailed investi-
gation can be made of the mineralogy and economic geology. This
Reconnaissance treatment of the subject is therefore reprinted

and offered free to those who are interested.
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A RECONNAISSANCE OF THE GEOLOGY AND MINERAL DEPOSITS
OF THE LAKE MOUNTAINS, UTAH COUNTY, UTAH

by

1/

Arthur L, Crawford =
Alfred M, Buranek /

INTRODUCTION

The Lake Mounteins of north-central Utah have received but little
geologic interpretation thus far, even though the range has contributed
notable amounts of limestone, clays, manganese ore, commercizl “calcite®
and "onyx" over 2 veriod of many years. One of the few geologic reconnais-
sances of the area is Loughlin's descrivtion incorporated in the U. S. Geo-
logical Survey Professional Paper 111, "The Ore Deposits of Utah", 1920.
Mineralogically, the range has zttained considerable fame for its magnificent
grouvs of limonite vseudomorohs after pyrite which occur in relative abundanc
east of Pelican Point. Most museums of the United States and many foreign
museums have reoresentative specimens from this celebrated locality.

Since 1941 the writers have had occasion to study some of the economi
asvects of the Lake Mountains, and in 1944 an information circular was pub-

3/

lished, in which certain clay and manganese devosits were described. Duri:
the nast two years the writers revisited the area on three different occasion
to examine other minerz]l devosits of economic significance,

At present the Raw Materials Division of the Utah Publicity and

Industrial Development Department is sponsoring 2z detailed study of the Lake

;/ Commissioner, Raw Materials Division, Utah Publicity & Industrial Develop-
ment Department.

g/ Geologist, Rew Materials Division, Utzh Publicity & Industrial Developmen
Devartment.

3/ Crawford, Arthur L., Buranek, Alfred M., The Geology end Mineral Deposits
of the Lake Mountains, Utah County, Utah: Utah Publicity & Industrial
Develooment Devartment, Circular No. 13, 1944, (Out of print)



Mountains by Kenneth C. Bullock,l/ who has chosen this oroblem for his
dissertation for a Ph.D. degree at Wisconsin University. Until Mr,
Bullock's study is completed 2nd published a2s a2 bulletin of this devart-
ment, the following presentation of the geology a2nd minerzl devosits of
the Lake Mountains is necessarily a2 statement of orogress in the accumu-
lztion of data assembled by the writers since 1941, released primarily
to serve the urgent need for information on the clay deposits of the
range, During the past few months, clay production from the Lzke Moun-
tains has been on a marked rise, and several representatives of large
refractory industries have exvressed considerable interest in the area.
Source information for most of this paver is from hasty reconnaissance
rather than from detailed surveys. Therefore, the geologic concepts

set forth lack the higher standards of accuracy obtained from detailed
study,

Mr, Byron J, Sharp, candidate for the M,A. degree in 1949 at the
University of Utah, has chosen for his thesis "The Mineralogy of the Fox
Clay Devosits of the Leke Mountains, Utah", It is hoved that this
dissertation will be comnleted in time to be incorvorzted in the forth-
coming bulletin,

Acknowledgment is made to Roger Cedarstrom, Dr, Bertil H, Lee,
Dell Steel, and John Hutchings, for their heloful assistance as guides

to many of the mineral devosits examined.

;/ Assistant Professor of Geology, Brigham Young University, Provo, Utah,
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GENERAL GEOLOGY

The Lake Mountains of Utah County, Utzh, constitute the
relatively low-lying range that flanks the western shores of Utzh
Lake, Utzh County, Utzh. The range is tyvical of the north-south
ranges of the Basin a2nd Range Province, To the north are the Oquirrh
Mountains, to the west the closed basin of Cedar Valley, to the south
the Tintic Mounfains. and to the east Utah Lake. Geograohically and
geologically the range is an important link between the Oquirrh Moun-
tains on the north a2nd the Tintic Mountazins on the south, which
together have contributed more wezlth than 211 of the remaining dis-
tricts of Uteh in gold, silver, covover, lead, and zinc.

Sedimentary Rocks.

The Lzke Mountains are comnosed chiefly of Paleozoic limestones
that have been folded into 2 synclinel structure, the axial trend of
which is annroximately north-south, Where the Saratoge road crosses the
north end of the range, near the axis of the structure, the strata are
nearly vertical, This fact, together with other observations of Loughlin
and the writers, indicates that the center of the range is comoressed
into 2n isoclinal fold, with the divs on the flanks flattening orogressively
outward, Minor flextures, such as the slight arching of the beds immediatel;
west of Pelicen Point, flank and merge into the main range structure. The
reconnaigsance made by the writers substantiates in general Loughlin's l/

descrintion of the Lzke Mountains, which is as follows:

;/ Butler, B. S., et al, The Ore Devosits of Utah, U, S. Geol. Survey
Prof., Pazper 111, po. 334-5.



“The Leke Mountains have a north-south length of zbout
17 miles a2nd 2 maximum width of 6 miles, They lie between
Utah Leke on the east and Cedar Valley on the west, There
is no known record of ore oroduced from these mountains, though
some prosvecting has been carried on., Only the north and south
ends of the ranges were visited,

"At the north end, which includes the Lehi mining district,
the rocks of the eastern slove consist of bluish-black dense
and mostly thin-bedded fossiliferous limestones of uopper
Missiesionian ege, which din about 20° SW., PFossils collected
by the writer were determined as follows by G. H. Girty of the
United States Geological Survey, who states that the strata
containing them can safely be vlaced in the uover Mississiovian:

Stenonora sn,

Svirifer increbescens,
Productus vileiformis.
Batostomella svo.
Fenestella sp.
Cliothyridina sublamellosa,
Diephragmus elegans.,
Zaohrentis svp.

Svirifer keokuk var,
Derbya kaskaskiensis?

"These strata belong to the series which lies beneath the
Pennsylvenian quartzite and which, in the Wasatch and Oquirrh
Mountains and in the Tintic district, is characterized by
alternating beds of limestone, shale, and limy quartzite. The
shale and quartzitic beds are very scarce or absent in the
northern Lake Mounteins, as well as in the northern part of the
East Tintic Mountains, 15 miles to the southwest. Although no
quartzite was found in place the great number of quartzite
cobbles and boulders in the canyons and eastern a2lluvial sloves
indicates that the Pennsylvanien cquartzite is probably present
along the backbone and western slove of the northern pvart of the
range,

Lehi District

"Phe Lehi district, organized January 11, 1894, is in Utah
County, southwest of Lehi, a station on the Denver & Rio Grande



Reilroad and the Los Angeles & Salt Lzke Railroad, The district
borders the west shores of Utah Lake. Marble, 'onyx marble!,
end clay are the predominating useful minerel vroducts found,

"The only evidences of mineralization seen by the writer
are a few veinlets of columnar (scalenochedral) calcite. These
veinsg, although accompanying or lying near ore bodies in some
places, are by no means sure indications of ore, 2nd the type of
ore which they accompany is very unlikely to form deposits of
industriel imvortance in. so dense and impervious & rock as the
local limestone, Some fabulously high assays of samples from
this district 2t one time caused considerable excitement but
oroved to be fraudulent. Nothing of value was ever found.

North Tintic District

"The southern end of the Lzke Mountzins is included in the
eastern vart of the North Tintic district, The rocks here have
an irregular enticlinal structure, lying neerly horizontal with
slight undulations for nearly the entire width of the range
(about 2 miles) but curving sharoly to o nearly vertical dip
in the easternmost exvosures. The strata seen correspond in
character to the Pine Canyon limestone of the Tintic district,
which ig mostly of lower Mississinnian (Madison) age, but whose
uoner beds are tentatively correlated as uoper Mississiovian,

At the Wanless, the only active prospect visited, & shaft had
been sunk 75 feet in coarse-grained limestone similar to that
containing the 'Colorazdo Channel! ore body in the Tintic district.
Some veins of white columnar calcite, or travertine, accomvanied
by some soft red iron oxide, were exposed in the bottom of the
shaft "

Igneous Rocks.

Extrusive igneous rocks occur in the Lake Mountains in several
areas, Perheps the most dominant area is the southwestern portion of
the range where Tertiary silicic pyroclastics and younger basalt flows
mantle the older sedimentary rocks, In the long strike valley north
and east of the Fox Clay denosits, remnants of pyroclastic materizl
occur in severzl isolated patches, thus indicating that the areas
covered by extrusive rocks were formerly more continuous and have been

separated by erosion and possibly faulting, No intrusive rocks were



observed by the writers.

West of Mosida near Soldiers Pass in T, 7 or 8 S., R. 1 W., igneous
rocks outcrop on the western flank of the range. They have a gentle west-
ward dip toward Cedar Valley. Where the Soldiers Pass road reaches the
foothills, pumicitic flow breccia is exposed as massive rounded clean-swept
surfaces, Fragments of light porous pumice of fibrous texture ere included
in the flow'breccia° Some of the fragments attain a2 maximum dimension of
12 inches, a2lthough most are anoroximately 1 inch in size. The anguler
fragments are usuaslly white or pinkish in color, vassing into smoky-gray.

The matrix has a pvale to dark salmon-vpink tone, The breccia rock is rela-
tively light and comparatively free from cracks and joint pleanes, Beceuse
of its tenacity, it has been used with considerable success by Williem H,
Prince and Sons Block Comoezny, Inc,, Selt Lake City, for light-welight agere-
gates and light-weight building blocks.

The pumicitic flow breccia is believed to reoresent one of the lower
members of the tuffaceous series that grade uoward into volcanic ash and beds
of tuff, well exposed in the region of Faust farther to the west, Associated
with the tuffs are merly beds that progressively grade into interstratified
limestone members, The limestones are white in color and are readily differen-
tizted from Peleozoic limestones which they overlan.

The Relation of Pyroclestics to the Evolution of Tovogravhy and Drainage.

The topogravnhy of the arees north znd east of the Fox Clay Deposits
indicates that the Tartiary volcanics previously extended eastward up the
flank of the Lake Mountains to an elevation of approximately 500 feet

above the valley floor. They may have been deever, but the long gentle



slopes below this horizon suggest an old mature tovography that has

been exhumed. The topographic evidence is substantiated by remnanic

of volcanic ash, weathered lavss, and:mari found in the bottom of
protected strike valleys at these upper elevations. From the hog-back
ridge north of Soldiers Pass, a svlendid view is obtained of Cedar
Velley and the central portion of the Lzke Mountain range., The rocks
comnosing this hog-back dip uniformly to the east from 30 to 40°, The
strike of the strata which is N, 15° W. in the vicinity of the manganese
devosits several miles to the north here curves so that the strike
becomes goproximately N, 50° w.

It sopears that these volcanics completely covered the Leake
Mountain crest south of this voint for some distance, This area may
have been an erosion valley cutting diagonally across pre-Tertiery
structure of the Lake Mountzin range, draining the area now occupied by
Cedar Valley prior to the rejuvenation of the range in Tertiary time,

In accordance with this interpretation, the drainage of Cedar Valley
which now has no outlet, once flowed southeastward south of Soldiers
Pass into Utah Valley. With the blanketing of the area with Miocene (?)
pyroclastics, this dreinage pattern was possibly destroyed, and subse-
quently a rejuvenation of the same forces that folded the Paleozoic

rocks of the range brought forth a further uvlift, The interior drainege
of Cedar Valley is not sufficient to overflow and establish a new outlet,
The porous nature of the pyroclastics may have permitted an appreciable
seevage of water along the o0ld drainage channel resvvearing es springs

in the Mosida area,
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(1) Fox Clsy Deposits;

(3) Wild Cat and Black Hawk Menganese Devosits;
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(2) Western Fire Clay Co, Devosits;

Cedarstrom Calcite Devosit;

Devosit;
Deposits;

{(6) Wm. H, Prince and Sons Block Co,
{(7) Pelicen Foint Limonite Deposit;

(8) Onyx-marble Deposite,

(3) Roger
and Stone
Inc. Pumice
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MINERAL DEPOSITS

Fox Clay Devosits.

Introduction:-~ The Fox Clay denosits 2re nesr the southwest
extremities of the Lake Mountains, ennroximately 9 miles southwest of
Fzirfield and nearly 50 miles south of Salt Lake City. They are recorded
2s being in the Lehi Unorganized Mining District, and sre covered by 6
vlacer cleims embracing 545.76 acres in secs, 20 end 29, T. 7 S., R. 1 W.,
SIBM, The clay deposits are known 2s the "Fox Clay Beds" and are con-
trolled by C. D. Fox, other members of the Fox family, and associates.

The Fox family of Szlt Lazke City have had nossession of the proverty since
1989, the year during which the cley was discovered,

Production:~ Total cley production from the oroperty has been
aporoximately 30,000 tons.L/ The materiel hzs been shinoed to Washington,
Czlifornia, 2nd locally throughout Utah, for use in bdrick, vive, and veper
industries, During recent years the nronerty has been relatively dormant
excent for small shioments made to the Pacific States Cast Iron Pine Comvany
of Ironton, Utah, where the clay has been used as a binder for melding sends
in the manufecture of vive,

Geologys- Clay beds are exvosed in two large oven cuts and several
smzll oits, The greatest exvosed thickness of clay is avnroximetely 10 feet,
2lthough it has been revorted that at one time the face of clay was ovened
to 2 deoth of 20 feet. Normally the clay beds are overlzin by a2 variable
thicknese of Tertiary limestone, which in turn is cezoped by basaltic lave,

A section exvosed in the large onen‘cut reveals avoroximately 10 feet of
vhite clay, grading uoward irregulerly into 2 zone of red to brown iron and

manganese-stained clay. The latter zone is from 5 to 10 feet thick end is

1/ Verbal communication with C. D. Fox.
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in turn capped by a2 thin layer of travertine in vmart covered by elluvial
wash, The extent of the reserves of the clay devosit was not studied by
the writers, but should future geologic examinations substantiate the
theory of origin held by the writers, it should be nossible to mzov the
extent and probable tonnzge with the a2id of a few carefully chosen drill
holes, BEstimates have been mzde that indicate 50,000 tons of clay are
near the oven cuts, and assuming an average denth of 10 feet of cley and
2 continuity of 25 vercent over the apvroximate 550 acres, 3,000,000 tons
are inferredo;'

Under present mining conditions much of the white clay is being
wasted by admixture with the iron-rich material that overlies this better
aguality cley., Aovvnarently the mining methods emnloyed in the nast were
undercutting and extraction of 2s much of the valuable clay 2s vossible
before caving the overlying materizl and then vermitting sloughing to
equalize the front so that danger of cave-ins would be lessened. This
caved material has in vart been mucked out and in vart allowed to accumu-
late a2t the foot of the quarry., Obviously this is wasteful as well &s
dangerous and has resulted in zn unusually high percentzge of loss, exceont
when mixture of the thte and iron-rich cleays was not esvecially detrimen-
tel to the consumer. This has been the case with resvect to shipments to
the Pacific States Cast Iron Pive Comvany of Ironton, Utzh, where ell the
clay was suitable vroviding the iron content was not excessive, although
nreference was given to the white or yellow cleys.

The clay aonears to be essentially halloysite intermixed with
finely divided quartz grains. The following analysis indicates the

auality of the various colored clays:

L/ Extracted from zn unoublished remort on the Fox Clay Devosits by
Pzul T. Allsmen, Mining Engineer, U. S. Bureau of Mines, Salt Lzke
City, Utah.
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AVALYSIS OF FOX CLAY (HALLOYSITE)

% Loss |
' Al,04 'S03 'Fep03 'Ti0p ' Kp0 'Na,0 ' CeO 'MgO 'S10, 'P,0. ' Ignitic
l T L K v T T T A | LI T T
White Clay-/ ' 32,7 '1,70' 1,40 '1.80 '0,74 '0.84 ! wh L 10,068
White Clay‘g/ ' 30,1 0.4 ' 2,43 10,40 '1.13 '0.60 ' 0.40'0.70'48.4 1 !
] 1 1 1 i | J 1 ] 1 A 1
Cream 03 ored, 1 . ! 1 ! 1 1 ! ! 1
Clay v 30,44 1 1,96 1 1 1 1 0.4 10,70155.4 1 v 11,0
} 1 7 R T T T T T T T
Red Clay 3/ | 30.43 , ., 3.57 \ . 1 0.4 10.72153.2 1 ' 9.8

Origin:-~ The dominant drainage of the southwestern flank of the Leke
Mountains extends headwzrd as a canyon northezsterly from Soldiers Pass, Near its
head it is joined by 2 mein tridbutary which drzins a long strike valley to .the
north, A similar though shorter strike valley to the south 2lsoc contributes to
its drainage. Severzl smaller strike valley tributaries enter the canyon on the
lower flenks of the range. The direction of drazinsge from the main canyon was
formerly southwestward intoc Cedar Valley prower, This drainage was subsequently
ceptured by headward erosion of a2 short tributary which diverted drainage into Utai
Lake by way of Soldiers Pass, Both during the long period while the drainege wes
directly into Cedar Velley and after diversion had been accomplished, subsurface
drainage continued to flow from Soldiers Pass through the morous volcanic ash
directly southwestward into the south end of Cedar Valley,

The extremely dry climate ovlus the fact that most of the surface rocks
are limestone assures a high vercentage of calcium bicarbonate in the moving

ground water, Carbonic acid and calcium bicarbonate are sufficiently alkaline in

;/ Analysis 250 1b, commosite sammle, U, S, Bureau of Mines, Salt Lake City, Utsh.

g/ St., Cleir, H, W., Ravitz, S. F., Sweet, A. T., 2nd Plummer, C. E.,, The Ammoniur
Sulohate Process for Reduction of Aluminz from Western Clays: A.I.M.E., Trans-
actions, Vol. 159, b, 260, 19LlL,

3/ Crismon and Nichols, Salt Lake City, Anelysts,
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reaction to effectively leach varying quantities of silica from unstable
silicates in the glassy constituents of volcanic ash, Alkslies are also
extracted and carried off in solution by this nrocess, thus leaving ean
end material relatively rich in kzolin, halloysite, similar clay-like
silicates, and some free quartz. It is this material which now forms the
Fox Clay deposit, a2nd it is believed that the Fox Cla& beds now occupy
the abandoned ancient Cedar Valley drzinage outlet, established prior to

the pyroclastic deposits and later exhumed, as described on page 9.

Western Fire Clay Company Devosits.

Introduction:- The Western Fire Clay Company, Inc., P.0.Box 2197,
Sa21t Lake City, Utah, controls 12 lode claims in Ts. 6 2nd 7 S., R. 1 W,,
all of which show exnosures of clay. The area in whieh the clay occurs
is several miles south znd west of Pelican Point on the east side of the
Lake Mountains, The claims owned by the Western Fire Clzy Company are as
follows:

Buck Clay Lode Claim - sec, 1, T. 7 S., R. 1 W,

Fawn Lode Mining Claim - sec. 1, T. 7 S,, R. 1 W,

Burnt Cedar Lode Mining Claim - Center of Big Cove 1-1/2 miles
west of Utah Lake and 3 miles southwest of Pelicen Point.

Smuin Mine Lode Mining Claim - in sm21l hills 1 mile east of
Potters Canyon and 3-1/2 miles southwest of Pelican Point.

Brown Jug Lode Mining Cleim - in small hills, 1-1/2 miles from
Utah Leke and 3-1/2 miles southwest of Pelican Point.

Jade lode Mining Claim - sec, 25, T, 6 S., R. 1 W,

Jack Rebbit Lode Mining Claim - sec., 12, T. 7 S., R. 1

Clay Baby Lode Mining Cleim - sec. 12, T. 7 S., R, 1 W,

Iron Hill Lode Mining Cleim - sec. 12, T. 7 S., R, 1 W.

Palm Olive Lode Mining Claim - sec. 29, T, 7 S., R. 1 W,

Lake View Lode Mining Claim - sec, 29, T. 7 S., R. 1 W,

Overcross Lode Mining Claim - sec. 1, T, 7 S., R. 1 W.

L

Production:-~ At present nroduction of clay is from the Jack Rebbit

claim. It is reported that avoroximately 750 tons per month are shipped
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to Geneva, and contracts are pvending for large shioments of clay to
California.l/

Geology:- The Jack Rabbit, Buck, and Overcross claims near the
mid-ezastern front of the Lake Mountains were examined by the writers.
The rocks of this arez consist of limestone, quartzite, and interbedded
shales, Age assignment of the sedimentary series is uncertain due to
the lack of diagnostic fossils. Lithologic characteristics suggest a
nossible correlation with the Manning Cenyon shzle formation of the Oquirrh

2/

Mountains, as described by Gilluly. In the vicinity of the Jack Rabbit
claim, the sedimentary strate strike N. 10 to 15° E. 2nd din 55 to 75° to
the SE, Feulting is indicated by change of strike and dio epvroximately
1/2 mile to the north, where the strats strike N, 50 W. and divo 25° SW.
This feult may possibly terminate the northern extremities of the cley beds

of the Jack Rebbit cleim,

Jeck Rebbit cleim: The Jack Rabbit claim in the SE 1/4 of the SE

1/4, sec, 12, T. 7 S., R. 1 W., seversl miles south of Pelicen Point, is

2t the base of the east sloves of the Lake Mountzins. This claim 1is
readily accessible over 2 graded road thet parallels the western shores

of Utah Lzke, The clay on this claim is zonroximately 25 feet in thickmess
2nd has & known length of 2400 feet, The exnosed rocks from west to east
consist of (1) 2 gray-brown highly fractured quartzite, (2) a thick-bedded,
dark blue limestone which is transected by numerous celcite veinlets and
contains an interbedded aluminous shzle (the Jack Rabbit claim cley), and
(3) 2 quartzite similar to that described 2s (1). A generalized cross-

section of the sedimentary beds, as exvosed at the vortzl of the Jack Rabbit

claim mine is 2s fgilowss

1/ Verbel communication with Dr. Bertil H. Lee.
g/ Gilluly, James, Geology and Ore Devosits of the Stockton and Fairfield
Quadrangles, Utah: U, S. Geol. Survey Prof. Paver 173, 1932,
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An unusual feature of the clay shale zone is the occurrence of disc-
like nodules in which the shrinkage cracks zre filled with secondary ovel and
quartz. These nodules zre peculiar to this shsle bed and are a ready correla-
tion criteria elsewhere in the areaz, On the Buck claim 2 21-foot section of
similar clay contains identical concretions, indicating that it is the same
shale 28 exposed on the Jack Rebbit claim.

Mining operations of the Western Fire Clay Company are at present
confined to the Jack Rebbit cleim, on which a main tunnel has explored some
300 feet of the clay slong the strike at deonth., The totzl tonnage mined thus
far is not known, although 2ll the cley vroduced hes been shivved, The entire
output of the mine is from underground workings., Relatively low cost production
is sustained because of the soft nature and high div of the clay shale between
the rigid walls of massive limestone, permitting ease of overhead stoping.

Buck and Overcross claims:- The Buck and Overcross claims are east from

and at a higher elevation than the Jack Rzbbit claim. A dulldozer trench expose:
21 feet of clay shale on the Buck claim for a length of several hundred feet, an
outcrops of this member have been revorted to extend along the strike for a dis-
tance of several thousand feet. The quality of this clay is shown in the subse-
quent analysis which constitutes 2 composite sample of the entire 21-foot width,
The Overcross claim is north and west from the Buck claim and embraces
chiefly a low ridge within the heart of the range prover. Develooment work
consists of several long irregular surface cuts which exvose az large potentiel
clay area., The clay shzale is similar to that exvosed on the Buck and Jack
Rabbit claims, 28 indicated by the analysis of a commosite samole cut from a
distance of zonroximately 200 feet., However, none of the neculiar nodular

concretions common to the other claims were noted.



CLAY ANALYSES

WESTERN FIRE CLAY COMPANY

CRISMON & NICHOLS -~ ANALYSTS
Qualitative
% Calci- test for Bar-
nation ium & Stron-

: Yo, : 510, :Fe203 : A1203: Cal : Me0 : Mno,, : KZO : He 50 : P005 v205 :Tioz : 503: o, : loss 'tium shows

Jeek Rabbit ' (1) ' AL.7h ' 2,12 ' 27,50 0O.LO ! o 22 1 ' 1 [ ! 10,17 ! ! ! '
1
Jack Rebbit | (2) | 36.86 : 7.88 ' 17.08! 1543 1.59 : ' : : : :0.38 : : : !
. t

Jack Rabbit , (3)  L4,40 14.64 , 24,01, 2,62  0.32 , ' ) ! 1 10.66 1 1 1
Jack Rabbit ' (4) ' 50,38 ' 4,84 ' 27,91' 0,61 ' 0.24 ! ! ! 1 ! '0.79 ! ' ! !

] 1 1 1 1 1 1 1 ! 1 1 1 ' 1 1 1
Jack Rabbit o (5) + 49,40 , 7.12 y 21.93: 1.40 , 0.10 , 0.46 0,61 , 1.27 , 0.77, 0.22 ,0.81 13.17, 2.00, 10.68  None
Jack Rabbit ' (6) ' 53,80 ' 4.9 ' 18.29' 2,20 ' 0.30 ' 0.38 '0.71 ' 2.41 ' 2,19' 0.34 '0.67 '0.37' 1.66' 11.70 : None

[} 1 1 t ] 1 [} ] ] 1 ]
Buck L (7)), 54,28 | B.31, 25.35, O.48 | 0,03 , 0.23 ,0.56 . 2,20 , 0.54, 0.16 ,0.70 ,0.14, 2,80, 7.64 , Xone
Overcross ! (8) ' 55,84 + 6,71 ! ' 0.26 ' Q.46 10,41 ' 2,91 ' 0,38 0,11 '0.75 '0.,14' 1.32' 7,36 ' None

1 1 1 | ! \ [

21.83" 1,48
'

t ' 1 ' ! 1 t |

(1) White cley veinlets in shivping clay - Jack Rabbit claim,

(2) 5" clay on footwall - Jack Rabbit claim. (See Fig. 2.)

(3) 5' to 9! off footwall (4! iron-stained impure clay) - Jack Rabbit claim. (See Fig, 3.)
) - - Jack Rabbit claim,

(5) Shinning clay from fazce 200 ft, underground - 300 ft. in from portal - Jack Rabbit claim,
(6) Vanzdium test on black shales and qualitative test for phosvhete — Jack Rabbit claim.

(7) Composite sample of clay shale 21' in width - Buck claim,

(8) Approximately 200' composite semple from surface (bulldozer) trench - Overcross claim.
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The Wild Cat and Black Hawk Manganese Claims.

Introduction:~ The manganese denosits of the Lake Mountains
were examined by the writers during the month of Aonril 1942, Mr. Dell
Steel of Nevhi, Utah, acted 2s guide, The west side of the range was
observed from the extreme north end to as far south z2s the Fox Clay
devosit, The mangenese occurrences examined consisted of severzl small
manganiferous outcrovs in a2 strike valley north of the Fox Clay beds and
what was reported to be the better grade devosits of the Wild Cat and ed-
joining claims ferther to the north. No manganese ore body which seemed to
have economic significance was noted other than that expnosed on the Wild
Cat claim,

Mr, Dell Steel and associates control the unvatented Wild Cat
claim and four other adjacent claims designated as the Black Hawk group.
The only producer has been the Wild Cat clzim,

Location:~ The manganese devosits are in the southwestern slopes
of the Lake Mountains, about 8 miles southeast of Fairfield, Utah, and are
avoroximately 1-1/2 miles S. 750 E. of the northeast marked corner of
sec, 7, T. 7 S., R, 1 W., SLBM. The section corner is approximately 100
yards south of the mine road near the point where it intersects the main
foothill rozd along the west side of the range,

General Geology:- East from the foothills to the crest of the

Lake Mountains, the rocks are chiefly limestones., They dip aporoximately

15°

E. The rocks at the foot of the west flank of the range near the mange-
nese devosits are believed to be Mississipoian in age. Crinoid stems and
brachiopods are abundent in certain strata, Some of the latter are believed

to be partislly vreserved spirifers end other Upper Mississippian fossils.

Productids, bryozoza, and what anveared to be fusulina were noted in strats
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above the Mississipoian beds, indicating that the basel vortion of the
Pennsylvenian limestone series is reoresented.

The rocks show abundant evidence of being manganiferous. The
quartzose members, such as siliceous limestones, show blackened cherty
weathered surfaces, covered with desert varnish, Thin seams of manganese-
stained chalcedony are »nresent, Certazin softer rock members have 2o
characteristic pinkish cast, suggesting the oresence of manganese carbonate
in the limestone., These strata weather to sneckled surfeces with blaeck
manganese oxide disseminated throughout. Where joint vlanes and minor
fissures were onen to circulation of ground water, they are filled with
2 mixture of calcite 2nd mengenese dioxide,

Mangenese Denosits:- The meanganese ore body on the Wild Cat claim

shows little evidence on the surface to distinguish it 2s being richer in
manganese oxide than other outcrops in the vicirity., The ore body has been
develoved down the eastward div of sbout u5° for a distance of zuproximately
200 feet, Most of the ore was found mushrooming out from 2 small insignificent
fissure that strikes N, 75-55° E. A dense fossiliferous limestone bed forms
the footwall, Shaly clay-like a2ltered lime beds constitute the zone in which
the manganese was devosited, At deoth the strata div at a steeper angle than
those exposed in the first 100 feet from the surface. The change in divp
steevens the beds avproximately 10°. This change eovears to be associzted
with 2 minor fault zone varallel with the front of the range.

The "Saddle Reef" czused by the change in dip has been o favorsble
arez for mengenese deposition, This ie vossibly due in part to the addi-

tionel frecturing and more vorous nature of the rocks, and in vart to the
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impervious nature of the residual clzy of the hanging wall which has held
solutions longer at this place. Drifts have been extended for some dis-
tance to the south and for a short distance to the north at the intersec-
tion of this zone with the manganese ore shoot. This work encountered
good menganese ore, and it is believed that other bodies may be opened
by further explorations to the north and south 2long this zone.

The deposition of manganese in these areas avvears to have filled
onen water courses, The ore consists chiefly of porous to comvact masses
of psilomelane covered by botryoidel surfaces and colloform crusts. "Wad",
the black earthy oxide of manganese, is 21so prominent., All mangenese ore
shioned from these stoves was about 48% in grade. Some of the ore contained
more than 60% manganese and was used by the Midvale Glass Comnany during its
short overation in the early 1930's.

To the north of the mein workings across a small dreinsge gulley,
an open trench has been prolonged northward into a cavernous stope in sili-
ceous limestone, The menganese here occurs chiefly as osilomelane filling
joints from one to four inches in width, Occasionally, messes of this
material approach shipoing ore. An areaz several feet wide and exnosed for
some distance along the strike of the beds is highly impregnated with manga-
nese of this character. This zone is stratigraphically some 20-50 feet
beneath the horizon described in the foregoing paragraph. Severzal small
orosvects exnose pockets of manganese ore, usuzlly in the bottom of small
ravines where eltered limestone and shele beds form either or both the foot
and hanging walls of the bedded veins., The location of these prosnects may

be due to the better exnosure in the bottom of ravines of 2 manganese-rich
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zone otherwise obscured by soil and rock mantle, or it mey be due to the
selective etching by the surface runoff zlong minor east-west fissure zones
that are less resistent to erosion 2nd which fzcilitated concentration of
the manganese-bearing solutions.

Production:~ Thus far, shipments of manganese ore have been made
only from the Wild Cat claim., Avnoroximately 250 tons were shioved prior
to the examination made by the writers, PFour cars of ore were vurchased
by the Columbia Steel Plant at Ironton, Utah, one car was delivered to the
Colorado Fuel & Iron Company of Pueblo, Colorado, and avoroximately 25 tons
were purchased by the Midvele Glass Company at Midvale, Utzh,

During 1943, four truckloads of ore were shivped to the Metals
Reserve stockpile a2t Delta, Utsh, The ore averagéd L4 percent mangenese.

A tyoicel analysis of the manganese ore zccepted at Delta is as follows:

MENFBNeSE o o o o o o o o o o « o o . . . W3.62%
ITON o v o v o o o o s e e e e e e e .. l,47%
SIliC8 v o o b b e e e e e e e e e e . . 6.30%
Aluming . . . . v ¢ v e e e e e e e . . . 2,10%

Phosphorus . . o ¢ o o ¢« 5 o o o o o o none
Zinc . o . s 6 6 6 6 e 6 6 o o o o o o o none

Origins~ Three vossibilities may account for the source of the
manganese-bearing solutions that formed the manganese denosits. They may
have been derived from (1) syngenetic manganese in the limestone beds,
(2) ascending hydrothermal solutions, or (3) the weathering of a2 mangariferous
volcanic tuff., In the latter hyvothesis it would be necessary to vostulate a
thick blanket of tuffaceous mgterial covering the higher regions of the Lzke

Mountains, 2nd to assume that the tuff occunied this position long enough to
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have been thoroughly leached of its mangenese, These specialized condi-
tions pvermitting manganese from such a source are not favored by the
writers, The second vpossibility is scarcely more tenable since little
evidence is discernible of hydrothermal alteration or other minerzliza-
tion that would have accompanied hyvogene solutions ascending along Joint
vlanes and up the dip of the limestones, The first nremise, favored by
the authors, is that considerable manganese carbonate was precivitated
with the limestone beds or became lncorvorated in the limestone by vara-
genesis soon after their devosition -- 2nd that carbonic acid and calcium
bicarbonete from supergene percolating waters reacted with these beds
during weathering processes, concentrating the manganese along joint and
bedding planes more pervious to these solutions,

The fact that these deposits contain wider 2nd richer veins of
manganese near the surfece than at depth, indicates that the concentration
of manganese has taken vlace 2t or near the surface, Part of the manganese
may have formed directly from ordinary ground water following the water
table near the surface, migrating downward along the joint planes., However,
the chemistry of mangenese oxide formation is more adequately exvlained if
it is assumed that the manganese (1) was leached from higher areas of the
range, (2) percolated down through cracks and Joints in the limestone, and
(3) later reappezred on the lower flanks, being forced uoward along the div
under artesian pressure. Clarkel/ has shown that manganese carbonate will

stey in solution longer and is more stable than iron carbonate. Manganese

L/ Clarke, Frank Wigglesworth, The Data of Geochemistry, 4th Edition,
U. S. Geol. Survey Bull. 695, po. 533-4, 1920,
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sulvhates are readily soluble and will remzin in solution in the oresence
of calcium oxide unless free oxygen is simultaneously encountered. Thus,
as the manganese solutions reach the surface where free oxygen is abundant,
the available manganese becomes further oxidized and precipitates as the
stable mangenese dioxides, MnOz, or related forms.

Recommendations:~ The wide-spread occurrence of manganese in the

limestone of this area indicates that other devosits similer to the one
develoved on the Wild Cat claim mey be anticipated. They should be
developed by following ore shoots down dip to where the concentration has
been greatest, Where cross-breaks or other locel structurel conditions

heve enlarged the ore-bearing areas laterslly along the strike of the beds,
they should be orosvected by drifts with the hove of encountering sdditional
ore shoots. These could then be stooved uoward at relatively low cost., The
conditions observed do not nromise large sczale ore devosits, and as a conse-
aquence new develooment must be under cereful suvervision if profits are to
be obtained.

The Roger Cedarstrom Calcite Mine,

Introduction:—~ The Roger Cedarstrom Calcite Mine is described
because of the importance of calcite to the local voultry and dairy indus-
tries, The high-purity calcite produced from the Cedarstrom Mine together with
devosit in the Cedar Mountains of Tooele County furnishes the needs of the
noultry and livestock industries of Uteh. Prior to the opening of these two
calcite proverties, oyster shells were shiovved from the southern Gulf states.

Easily digestible celcium carbonete (CaCO3), either arsgonite or calcite,
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fille a2 nutritional requirement for poultry and certain livestock, espe-
cially when the normel feed is low in calcium. 3Bone mesl can and is used
for this requirement, but when phosphorus needs have been suvplied (from
bone meel or other digestible calcium phosvhates), the additionel calcium
requirements can then be suvnplied more cheanly from celcium carbonates than
from calcium phosphates,‘ Chickens cannot maintain deily hard-shell egg
oroduction unless constantly fortified with extre calcium. The addition

of 2 smell emount of calcite "flour" to the rations of steers being fattened
in the "corn belt" lessens the amount of bone meal otherwise required to
make satisfactory gains,

Locetion and Minerel Denosits:— The Roger Cedarstrom Celcite Mine

is on the northeast flank of the Lake Mounteins, spnroximately 14 miles
southwest of Lehi, in sec, 30, T. 6 S., R, 1 E,, SLBM, The oroverty is
covered by 5 claims consisting of about 20 acres each, Large verticzl veins
of coarsely crystaelline calcite transect 2 massive bedded, fine-grained,
blue-gray limestone, The limestone beds are nearly horizontzl and are
estimated to be 500 feet in thickness, The largest calcite vein is 12 feet
thick, and has been exposed by a long oven cut znd an incline sheft from
which the vein system has been explored to a maximum deoth of 300 feet.
Within this ione cave openings are abundant. They are ususlly vertical
pive-like openinge of irregular form, and some attain considerable size,

The walls of the ceves are covered with small stalactitic growths of calcium
carbonate, The strong 2ir currents issuing from these ovenings are indice-
tive of their interconnections at depoth with other openings not discernible

in the immediate vicinity of the mine,
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Production:- The mine has been in oneration for a veriod of 29
years and is credited with a2 production of epnroximately 2,000 tons of
calcite per year. The raw calcite is crushed in 2 mill on the oroverty
to various sizes, 2s required by the trade., At the mine, the bulk celcite
hes 2 value of sporoximately $10.00 ver ton, but is marketed usually in
100-1b, bags. According to Mr, Cedarstroml/. 85 percent of the calcite
oroduced is purchased by Drever Poultrymen, Inc,, Draver, Utsh, which
furnishes sporoximately 3,000 customers with oure calcium cerbonate. This
calcite is ultimetely placed in the feed of approximately 1,500,000 chickens,
50,000 turkeys, 3,500 deiry cows, and 7,090 hogs.g/

Limestone Devosits of the Lakeside Lime & Stone Company.

The limestone devosits of the Lakeside Lime & Stone Company are
edjacent to the Roger Cedzrstrom Calcite Mine on the northeast flank of the
Lake Mounteins. In Jenuary, 1947, the United States Bureau of Mines prevared
2 confidential revort on the limestone devosits of the Provo Industrizl Area,
This revort includes z descrivntion of the limestone devosits of the Lakeside
Lime & Stone Company. Permission was granted by the United States Bureau of
Mines to incorporate in this circular the written descrintion and enalyses
perteining to the Lake Mountain limestone devosits. This information is
herewith quoted as follows:™

"Phe Leke Mountains devosit is situated in T, 6 S.,

R, 1 W,, Salt Lake Base and Meridian, orobably near the

boundary line of T. 6 and 7 S....The beds are nearly

horizontzl in this area and the thickness, slthough some-

what obscured by overburden near the base of the devnosit,

is estimated to be in excess of 150 feet and may anoroach
500 feet in thickness., The limestone is fine-grained,

1/ Verbal communicaztion with Roger Cederstrom,

g/ Verbel communication with members of the Drzver Poultrymen, Inc., 1944,

3/ King, W. E,, Limestone for the Production of Cement in the Provo Indus-
trial Area, Utah County, Utazh: U, S. Bureau of Mines Information Revort,
January 1947,
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Samples

43 to 49 were taken from the ore bin, quarry adjzcent to the
ore bin, quarry about 1,200 feet southerly from these
instellations, end from outcrovs in the immediate area z2bove
this quarry,
deposit of considerable dimension with a2 very high Ca0 content
and sufficiently low in MgO content to be considered as a

scurce of supply of cement rock.
Company is now producing 'burned lime!

The analysis indicates the possibility of a

The Lakeside Lime & Stone
in the amount of 40

tons per dey from the devosit,
"One sample, number 50, wes taken on the west side of

the Lzke Mountains,

Only the most sketchy reconnsissance was

made of this side of the range but observed physical conditions
suggest that other locations should be investigated orior to

further work in the area,"

Anslyses of Leke Mountzins Limestone

Samnle Ca0 Mg0 5102 Length Remarks

No. feet

L3 53.0 1.15 2.4 Grab from ore bin,

Ly 55,1 0.4 0.7 30' face Quarry, south of kilns,

Ls 55.2 0.4 0.4 Quarry, west of kilns.

b6 b6, 1,85 11.3 Lower bench, quarry 1200' south of kilns,

L7 51,8 1.6 2.9 Upner bench, surface material,

L8 54,8 0.4 0.8 Chivns from outcrop above and S0' from
brink of uovner quarry.

Lo 54,6 0.3 0.9 Chivs from outcrovo above No. 49,

50 42,4 0,4 20,1 West side of Lake Mountains,

Building Stone,

the Lake Mountains,

Two types of building stone material have been mined and marketed from

They a2re onyx marble for interior decorative purvoses, and

pumicitic volcanics for light-weight aggregates and building blocks.

Ornamental Stone:-

Banded onyx marble of various colors has been mined

by Mr. Cedarstrom end essociates intermittently over z period of years, =zs the

occasion demanded,

and associstes,

These clzims were not visited by the writers,

Two claims of onyx marble are controlled by Mr, Cedarstrom

The Boulder Dem
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School et American Fork end severzl buildings in Salt Lake City are

1/

decorated with terrezzo™ made from the onyx marble from Cedarstrom
devosits,

Banded onyx marble of = pale orange color occurs as a horizontal
vein zporoximately 12 inches thick on the west side of the range., Out-
crops are exposed on the west wall of the strike valley, described on
page 8. The vein consists of large mammillary incrustations of calcium
carbonate, This material readily vpolishes to a high luster with pleesing
pattern, The devosit is smz2ll, however, and has little or no economic
importance other then the pnossible use of the materizl for the manufacture
of ash trays, book ends, lamp bases, and other miscellaneous ornamental

objects,

Light-weight Building Stone:-~ The demend by the building trede of

Utah for light-weight zggregates and building blocks has activated exvloi-
tation of most devosits of pumice, volcanic cinder, =nd verlite, favorebly
located with respect to industrizl areas and railroad facilities. The
nearness of the Lake Mountain pumice breccias to Sa2lt Lake and Utzh Valleys
resulted in the location of 15 placer claims in secs, 8, 17, end 20, T. 7 S.,
R. 1 W,, SLEM,, by William H. Prince znd associstes in 1945, Since then
aooroximetely 15,000 tons of pumicitic materizl hevebeen mined from these
cleims, valued at $2.00 per ton a2t the prooverty. An open-nit method of
mining is employed. Bulldozers oush the broken numice onto loading ramvs,
where waiting trucks are lozded by grevity. By this simvle procedure mining
costs are held at a2 minimum. Mr, William H, Princegl anticipvates consumotio
during 1949 of 100 to 150 tons ver day of Lake Mountain pumice for use in th

company plant in Salt Lake City.

;/ Flooring or other decorative material comvosed of chins of marble, etc.
set irregularly in cement and polished.

2/ Verbal communicetion with William H, Prince of William H. Prince & Sons
Block Co. Inc., Szlt Lzke City, Utzah, November, 1948,
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Pelican Point Limonite.

Introductions- To the minerelogist, "Peliczn Point" of the Lake
Mountains is synonymous with limonite vseudomornhs after pyrite, The area
is & type locelity for museum specimens of large pyrite crystals and grouvns
of crystels alteriﬁg to limonite, Practically all of the museums and uni-
versities throughout the United States, many foreign museums, and thousands
of minerzl collectors have revresentative svecimens from the Leke Mountain
devosits,

Location:~ The limonite occurrence is avoroximately 1-1/2 miles south-
west of Pelican Point, a veninsula nrojecting eastward into Utsh Lazke. The
devosit is accessidble over a dirt road which trends southwesterly for about
2 miles from the main foothill road immediately north of the Roger Cedarstrom
Calcite Mine. The crystal outcrons are covered by one full unvatented mining
claim (the Lekeview) that is owned by Ernest Cedarstrom, John Hutchings, end
associates, of Lehi, Utzah,

Other similaer pseudomorohous crystzls azre renorted to occur in the
general vicinity., One area is north of the manganese nroverties vreviously
described, This area was not visited by the writers, but it is doubted that
this occurrence contains the large clusters of crystals common to the Pelican
Point loczlity. Economically, the crystals have little value excent for the
revenue derived from sales to collectors,

Occurrence:- The limonite pseudo crystals have been mined from several
onen plte in the saddle of an east-west trending snur of the Lake Mountains,
The crystels occur in nearly horizontazl bedding seams of & calcareous sheale,
and in some instances are prolific within limited areas. These rich zones
are conformable with the bedding, and no evidence indicating their occurring

differently 1s discernible excent that some disseminated secondary red and
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Fig. 4 Photo Illustrating Typicel Limonite Pseudomorph
after Pyrite Crystal Group, Pelican Peint, Lake
Mountains, Utah County, Utah.
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yellow iron oxides are found in neerly verticel Joints.

The limonite pseudomorphs after nyrite weather to a brilliant
brownish-black, and originally the saddle contzining the outcrops is
revorted to have glistened with exvosed crystals., Collectors have
gathered practicelly 211 of the weathered grouvs, and now it is nec-
essery to mine specimens in situ,

Crystal Habits- The common crystalline form of the originel pyrite

was the cube: the pyritohedral form was comparatively rare, Individusel
cube crystals mezsuring 2-inches across a crystal face have been found,
but more common are clusters of intergrown crystels., Two distinct forms
of crystal growth prevail. One consists typically of large crystal eggre-
gates compnosed of relatively complete cube forms; the other exists as
soheroidal masses with the corners of meny intergrown cubic crystels vnro-
truding. ZXach corner usually shows a portion of 3 euhedrzl faces, Remark-
gble examples have been found of both tyvnes, such as grouns of crystals
attaining a maximum width of 12 inches,

The outstanding feature of these pseudo crystals is thet during the
alterstion of the original byrite (the iron disulvhide Fesz) to limonitel/’
the external form of the sulnhide crystels was verfectly preserved. Conse-

quently all svecimens show distinct well-develoned crystal form. Meny of

the specimens are not comnletely altered to limonite, and in such instances

;/ Limonite, a name formerly given to hydrous iron oxide with the suvvnosed
formula 2Fe20 °3H20, is no longer an accredited minersl species of
definite chemicel compmosition, It is a convenient field term for
various hydrous iron oxides whose identity is unknown., "“The substances
included under the name zvvear for the most part to represent hardened
gel messes of hydrous basic ferric oxide, FeO(OH) nH 0 or HFeO
equivalent resvectively to lepidocrocite or goethite. end, in fess part,
hydrous. ferric oxide, Fe O .nH O, equivelent to hematite", — Palache,
Charles; Bermen, Harry: ang Ffondel Clifford: Dena's System of
Mineralogy, p. 685, New York: John Wiley end Soms, Inc., 1944,
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pyrite is usually near the center of the crystals. Occasionally groups
of crystals of a spheroidal habit (nodular-like masses of many crystal
points) reveal the center of each individual crystal to be pyrite but the
cores of the groups to be completely limonitized and weathered away leaving
residual shells, the outside margins of which still show verfect crystal
forms, This peculiar central glteration is probasbly due to more rapnid
decomnogition along fracture planes through the center of the group, but
it may also indicate selective alteration of two dimorphous minerals, i.e.,
marcasite and pyrite.l

Paragenegis;- The crystals of eltered pyrite in the celcareous shale
are avnarently the result of revlacement. The iron and sulohur reauired
for the formation of oyrite avvears to have been derived from the sediments
that now exist as shale. There is no evidence to substantiaste 2n origin by
igneous agencies, The crystallization of the pyrite may have occurred
during devosition of the shele, but more probebly it was much later, possidbly
during the deformation of the Lake Mountains strata. The presence of pyrite,
marcasite, and other sulphides in shsle, limestone, coal beds, z2nd other
sedimentary formations is well known, Usually these sulphides are in the
form of small, single crystals or crystal aggregates. Less common occur-
rences are as nodules, lenses, and beds., Occasionally fossils are replaced
by oyrite or marcasite,

Whether the original onyrite crystals of Pelican Point are the indirect

oroduct of sedimentation, or whether they are the result of meteoric precipi-

;/ Marcasite, the dimorphous equivalent of pyrite, is far more decomposable
than pyrite under ordinary =2tmosvheric conditions. The writer hes &
svecimen of marcesite a2nd opyrite from Ohio thet consists of concretionery
radiating crystals of marcasite covered by large crystals of oyrite, of
which the marcasite is undergoing ranid oxidetion while the vyrite remsins
uneltered., Should a similar mzrcasite-oyrite relationshin be assumed for
some of the lerge Pelican Point grouos, the vecullar core oxidation is
apoarent,
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tation, or a combination of both orocesses, is not known., It is doubtful
that the localized concentretions of the extraordinerily large crystel
grouns of the Pelican Point locelity can be considered syngenetic. A more
vlausible exovlanation is that the originezl iron was precivitated as iron
sulohide due to reactions between sulvhur deceying organic matter and the
iron in the enclosing sediments, end that the large crystal agegregates
are & reconcentration and recrystallization of this source material.

The alteration of the Pelicen Point pyrite to limonite pseudomorohs
after oyrite is a normel oxidation reaction still active, Normally, oyrite
is leached away by the sulfuric acid produced by the oxidation of oyrite,
but the acid solutions thus formed a2t the Pelican Point devosit are sveedily
neutralized by the oresence of calcium carbonate, and immediately orecivitate

the iron content 2s limonite,
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