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JGRAPHY ; |

The Jentaquin dining Distriot lies in the south western
part of Utah county, in the north central part of Utah. It is
inclosed vetween meridiens 111 46' end 111 47' west, and par-
ellels 13¢ 56' and 139 067' north. The distriot under conei-
deration is three miles long rorth and south by two miles wide,
on the weatern face of the Vasateh Hountoins, directly cast of
Santaquin,

The Vasatoh range of mounteins is the prirveipal range in
Utah, extending almost due north and south and is one of the
ranges tbzﬁoa by the aystem of block faulting, which occcurred
in late Cretaceous times.

The town of Sentaquin is the center of a farming community
of about 1,000 inhabitants, locnted at the foot of the mountain
on the old Lonneville lake level. It 48 67 miles south of Salt
Lake City, on the San Yedro railroed.

LELD WORK AND ACZECW
The geologioal field work upon whioh the report is based
was begun irn the latter part of Hovember, 1909, six days having
been spent in the field at this time. A second visit of three
deye wee peld to the dietriet im Mareh, 1910, during which the

field work wes completed.

e teke sdvantoge of thie opportunity to extend our sircere
thanke to ir. G. L. Semis, the menager of the Union Chief liine,
and to hie foreman, Hr, A, H. Lersen, who sspioted ue very ma-
terially during the field work. In both our field work ard sub-
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pequent determinations we are greatly indebted to the abdle
essistance of Dr. Fred J. Peck, Deseret Frofessor of Geology

at the University of Uteh, and this paper iec due largely to his
helpful suggestions,

i I"" CRAMITHY «
FIR AT TL R § & e hy

To our knowledge there is no literature dealing with the
goology of the Santaquin distriet. The distriet, however, hes
been mapped in a genersl way, both by the Fortieth rarsllel
Survey and by the United States Topographicel Hurvey.

BOHCON0NR A PYH
TOPOGRAPHY :

The mountains in this distriet are very steep, rugged,and
serrated; the top of the divide being about 5,000 feet above the
Sonneville lake level. The mountain side is cut by & number of
steep ravines running almoet east and west, the drainage belng

towards Uteh lake on the west.

"Sestern face of Wasatch Hountsins
from Santaquin.”




The gullies from north to scuth are named as follows:
Spring Creek Canyon
Yoilow Aock Canyon
doGee's Canyon
Broad Hollow Canyon
Groén'n Canyon
Jump-off Cenyon
Little Man's Cenyon
Danieh Hollow
Burgeson's Canyon
Peradise Canyon
The Gap .
Santaquin Canyon
Of these, the Jantaquin canyon is by far the most important,
it being the only one having flowing water the year round, and
extending fer back into the mountaine. This is probably due to
the fact that the canyon ie entirely in limestone and the beds
are greatly contorted in this vieinity, giving free scoces to er-
ceive agencies. . p‘
The steepnese of the western face of the mounteins is due to
the great Wasatch feult along this face, it having been preserved
by the herd resisting qualities of the roek. Of the rocke, the
quartzites stand out in boldest relief, forming prominent cliffs
along the mountain side.
Un the whole, the topography of this district is mature,
Thie is shown by the serrated nature of the mountains, and the
great amount of erosion that is going on.
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DISTRIBUTION ABD CHARACTER OF ROCKS:

The accompanying colored serial mep is designed to represent
fairly well the distributiorn of the formatione of the Santaquin
Mining districet. OStriet accuracy ie not claimed, the elevation
being taken from a topographic map, which assisted very materially
in locating the prinecipal topographic features.

The Wasateh mountains, east of Santequin, consiet of an anti-
cline plunging 54° almost due east. This enticline feces the
west and is greatly ercded. A clear-out view of the strata is
beat seen from the distanoa.

The best seoction of the sedimentary formation is direotly
under the axis of the anticline.

The strata comprising the upper part of the anticline consiste
of guartgite, shale, and limestone. Uhen this formation is pro-
jected on 2 plane they form semi-concentrio areas around a core
of gneiss. In one place the formation is noticeably faulted as
the shale on one side comes in contaect with the above limestone;
and on the other side with the lower guartezite.

IGHEQUS ARD SEDIMEETARY ROCES:
Gneisses and Grenites

The gneisses and gronites arec the lowest formation. The
gneisses are of meta-ignecus and meta-sedimentary origin, Pink

grenites esre intruded into the gneisses as large irreguler messes
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and sometimes extend up to the overlying quartzite, lear the
base of the mountain the granites are coarse groined and in
places become almost pegmatites, these being large coarse orys-
tels of quartz, imbeded in & pink or flesh colored ground mass
of orthoclase. Iligher up neer the quartzite they become rather
felsitic. In pleces, the grenite appears to be included in the
greiss,and in other places, the gnelss appears to be inocluded in
the granite. Just below the top of the big kroll on the north
gide of Green's Canyon, there is & large dyke of coarse grained
grenite, extending in & north-westerly and south-ecsterly direc-
tion. This derk grenite ie included in the pink granite and is
undoubtedly yonnger than the pink granite. These gneisses and
granites form the core of the anticline,

Quartzite.

Overlying the gneiss and the granites and resting uncon-
formebly on them is 400 feet of dark quertzite. Above this is an
unconformity, and above which is & conglomerate three to six feet
in thickness, that gredes into & lighter colored quartzite, 600
feet in tiickness. The unconformity and conglomeraie are persis-
tent in the anticline; the unconformity represents the so ocalled
logt interval, The beds and formation below this unconfomity

are pre-~Cambrian es ie seen from conclusions farther on in this

4

P& per.
The original bedding plenes of the quartzite ere very dis-

tinet as ies seen from the accompanying picture. The quartzite is
very haré and rings under the hommer, and is not highly fractured
or faoulted. Decsuse of its grest ability to reeist weathoring

agencies, great massee of it are prominent.
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“Picture showing bedding planes of the
Quertzite.

Shale

Overlying the guarteite and resting conformebly upon it is
& bed of shale 50 - 100 feet in thickness. This shale fringes
the entieline. Only emall portioms of 1t are accessible, most
of it being oovered by decayed and brecciated materiasl ffom thé
overlying limestone, This is & finely laminated deposit,and can
be taken out in slabs which are easily broken and crushed.

There is ancther bed of shale in Green's Canyon, just below
the unconformity, but is not persistant, and appears to be wholly
loeal.

Limestone

The limestone is the upper portion of the anticline, and
is mooh more oxtensive than the qguertzite or shale., It lies con-
formably upon the shale and extends to the top of the ridge, end
a8 far cast as Payson Canyon, on the cast side of the mountain,
The limestone ie hard and the strate are not well defined, yet
they are not exactly similey, there being some strata more sil-
ioceous than others. On & whole, however, it is silioceocus and

rings under the hemmer almoet the some as auartzite., 1+



weathers in rounded masses.
_Cambrian

Upon the Vapaetoh esst of Centerville, unconformably over-
lying the éroh:hn gneispos, i & body 8f selmon-colored quars-
gite, qontaiaing large gritty graine of pelluocid-guartz, and un-
derlaid by & dark heavy bed of purple quertzite. The 2almon-
colored quartegite ie ebout 600 feet thick, and is coverlain by o
fow calésrecus sheles which are immediately succeeded by Ute
limestone 1,000 feet thick, showing transition from Cambrien to
Silurian. ( Vol. I. U.S5. Geo. Exp., of 40th rersllel, p. 174 )

Dioritio gneieses, the prominent feacture of the Archacan
near the mouth of (gden Canyon, sre unconformably overlain by
Cambrian guartzite. Here, are about 1,000 feet of quarxtgzite
overlain by 100 feet of silicecus end srgilliscecus shales, Show=
ing an evident franaition into the overlying Ute limestone.

The argillacecus shules, whioh here &e elsewhere close the
Cambrian series, are oxceedingly fine grained, and are prevailing
olive and greenish gray in color, and are identical with the beds
from the same horizon which underlie the Ute limestone at Jue-
bee Peak, at the forke of the Huddy. ( Vol, I. U.5, Geo. Lxp.
of 40th rersllel, p. 175 )

The Cambrien series ot the mouth of big Cottonwood Canyon
consiet of 800 feot of slates at the bottom; verying sslmon-
colored and argillaceous beds, containing some mioce~bearing
gonea, 8,000 or 9,000 feet thick; salmon-colored and white gquart-
gite, interesleted with dark shiste, 2,500 to 5,000 feet thiok;
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- and a oapping of sonist 2U¢ feet thiok, The contast betweenm
the series =nd the underlying urconformable maes of granite and
Archaesn 7ggi§ggily horigontal sard extends book six miles at &
little below tlc town of :ilte, successively higher members of
the Cambrian egeries reat agninet the granite until at last the
ancient series rise into contaet with the Silurian limestone.
{ vol., 1. U.t, Ceo. sxp. of 4uth ‘nrellel .ur., ». 167 )

The sbove descrintion showe that the Cambrian of 3ig Cottem-
Wood lanyon is different than 2t Cernterville, arnd (Ugden Canyons,

‘ra-Canbrian

Farmington Gneisses

FMirst, we have & coarse greained gneios whioh 18 composed
of large crystelline meepee of flesh-colored orthoclace, and
perticlly decomrosed earthy brown megresien mica with irregular
hodies of pare milky-white cuartz. O(ver these coarse Fermington
greicses ie & geries of fine grained gnelsses in which the feléd-
spoy 2o d quartz are both white ard the mica muscovite. The
greice contains minute grranets. & little higher in the zeries
is another greiss eccrnteining & nredominarce of white mica (mus-
covite)} with & 1ittle hornblenrnde, ond ie rioh in grrnets. sbove
thies is & peavy group ¢f éork green hornblende-gneicseo rich in
felasoar =2nd epatite. Ihe hornblende is more or less fibrous,
veryierg from o dark greec to black in color. Zee 4Uth Parallel
Suevey Vol. I. ) |

AGE OF Thi, RUCKDH:

The pre-Cambrizn age 48 divided by Chamberlalr and ‘elis-
bury, into rYrotcrozoie and srohaezcic, while Van Hise ond Leith
uge the terms Algonkien and irchaesn, objeoting to the torm
"goio” booouce the life of tae pre-voambrisn ie -rzetioally un-
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This paoper followe the divisions of the pre~Cambrian o5 used
by Van iise and Leith, in Dulletin 360 of the U. . Geo. Survey.
This classification 1a aleo used by the U. &, Geo., Survey in all
ite publiocations. | ) |

The Al onkian 18 characteriged by well assorted sediments
which give evidence of extensive decomposition of lard areas, end
of the pouosing of normal oycles of erosion. Igneous rocks =zre
uguglly present in abundence but are subordinate to the lodiments;

The irchaean rooks are highly folded, contortcd, mashed, anqt
metamorphosed. 7The oﬁer rooks have been intruded again and again
by igneous rocks on & souzle greater tharn in any of tihc following
ages, Thus the Archeeen ngee rresent on intricsoy of structure
and metamorphiom unsurpasscd in any otuer iye, ond thas lg char-
scterized meinly byiigneous rooks with sediments in 8 very smell
quantity. |

King, (1878) stetes that in the Archasean outcfops of the
40th percllel, one ocen rot fall to nctice the widesyrend sime
plicity of petrologicel forms; the prevalcnce of the granites,
granitoid gneisres, etc. ( Bull, 360 U.5. Geo. wurvey, p. 73 )

At Fermington Canyon, we have przctiocally the same peg-
matetio meterial in the Archoean thet we have at bantagquin, Dr.
fred J. Peock, of tae Univercity of Uteh saye, tiet this pegmo-
tite often ocours in the .rchaean. without a remsonable doubt
thece gneisses und granites of tantaguin, are irchaean in point
of age.

Ven iiipe and Leith say thal ithe lelt geries of .iontana in
ite pow known extent constitutes the greatest crea cof the Al-

gonkian on the ocxntinent, ozd it mey be that it shculd be ex-
I '



vended to include Utah, colorado, and Arlzons quartizites.
{ Ball. 36U U.u. Geo. Sarvey, p. 41 )

The quartzite of the¢ Vusateh mountains of Utah whiclh have
proeviously bien assigned to the Algonkian,rests upon the irche-
ceon with tremendous unconformity. ( sull, 360 J. 5. Geo. furvey,
p. 39 )

For much the lerger portion of the continent distinetly re-
cognizably Cambrian rocks rest with profound unccp formity upon
distinotly recogrizable pre-Cambrian rock, { sull, 360 U, 5. Geo.
survey, p. 87 )

As Btuted previouély, above the gneisses and granitee at
Santaguin, there is 400 feot of pink guartzite above which thexe
is & profound unconformiiy that is iraceable throughout the country
by means of a cunglomerute., This quartzite indicates mature
weathering, and from informetion obtained from Van idise and Leith,
we o&n concl.de reasonsbly that thie gquartgite is LAlgonkian.

This quartzite may belong to the grest Zelt series of .iontand,

The strata ebove this rro found unconfomity are ;osti-.l;on-
kEicn. A comparison of those strata with strata of the Cambrian
age, a8 desoribcd in this poper of Farmington and Ogden canyons,
cne oan elm.st conclude that they are of Cumbrian age. #ith in-
formation obtained by corxrelating fousils fonnd in the fileld,
with those of Cambrien age, we conclude that the shaole is .liddle
Cambrisn, &nd that the meoterisl down to the nunconformity is aleo
i4ddle Cembrian. The strete abceve the shale undoubtedly grode
into the Upper Cambrian, although no fos8ilo were found above
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the eghale., It 48 &lso rcasonabdle to Buppose that the Cembrian
grodes intc the Urdivician, ond thie into the Silurdien, nlthough
there {c no dirvet evidence - roving thai cuocir iz the sase.
PUOELLES

cambria.n Popsiles fron the FTasatoh
wountoins noor ;ﬂ"tacuin Uiah.

In Amerioca the Combrian age has been divided inte three zornes,
Lagh gone 1s reprecented by 8 chaorscteristic founa, The divi-
elons arc as follows:

Uppér Cembriaen - Dikcllocephalug lLone
Middle Cambrien - rarsdoxides "one
Lower lasmbrisr - Clenellus Zone.
Ir Utah ip the Vesateh mounteine the Cambrian age appears (o bo
reprepented by the middle and upper gonee.

TLe foseils procured at Iantequin, were found on the couth
gide of Green's Caenyon, cx & little ridge which is elmoct due
soutii of the lower cubin of the Urion Chief lLinirg Company; on
the Chiel dump, sané olsc on the 014 Yeseton dump, which iz about
20C yards south of tue -‘seatch tunncl, ard about BU feet hi her
up the mountain.

The foesils found ere ccrreleted with Cembrian focelle es
found in Sulletin 3v of the . L. Geo, -urvey, zrd ce found in
Dr. Fred J. Faok's peper on the Cembric Fosells from/??gchﬂ
Mountainse, Icvade,

begerintior of ‘pecles

alle



Genus Dathuriscus, lieek,
Bathyurisous, Meek, 1873: Sixth Anmual Report, U. 5. Geo.

Survey of the Territories, p. 484. ,

' Bethyuriscus Howelli, Walcott.
4 (Fig, 4 & 5)
i Bathyuriscus Howelli, Walcott, 1886: Bulletin so.so, U.8.
_“Beo. survey, p. 216, Plate 50,
/' Emblominus rotunda, Roem, 1897,

#| ]| Proceedings of tie Acsdemy of Notural Seience, hilsdelphis,

/.~ 1867, p. 16, Flate I.

Cambric Fossils from the Pioche Liountaine, lieveda; Pack,

P

| b 7, Plate 11

\ This species wes not found as one fossil. Cephelons end
pygidie were found, but were not well enough preserved to give
deteiled characteristics.

Bethyuriscus productus, H. » ¥W.

(Pig, 3)
Ogygie productus, Hell & Whitefield, 1887: Geologicel Ex-

ploration of the 40th Perallel, Vol. IV., p. 244, Flate 2,

Bathyurisous producta, Welecott, 1886: Bulletin No. 30, U.
8. Osologloal Survey, p. 217, Plate 30,

Cambric Foseils from the Pioche ilountains, Pack, p. 8 Flate
iI.

This is & very characteristic form, and occcurs in great
abundance. Cephelons a,d pydidia were foond in great numbers
One excellently preserved fossil was discovered and appears to
differ with figures of lir, Walcott, and Dr. Pack, in that the ax-
181 lobe is well rounded out from the pygidis, and bends in as it

comes to & point. This may be a cheracteristic of this one fossil
only. -



Breconipoda

Kutorgine pannula, White

(Fig.2)

Tremanmtis 7 pannula, «hite, 1874: G@Geographical =and Geo—

logical cxploration and Survey, vest of the 100th lleridsm, .‘re-
liminary neport "Invertebrate ossils”" p. 6.

~ Kutorgina punnula, “alecott, 1886: Jsulletin Io. 30, U. S,

Geological Lurvey, p. 10D, Plate VII & VIII.

Qambrie rossils from the ‘ioche .ountsns, ihevada, ‘ack, P,7
Plate II.

e procured but ong good specimen of this svecies, and it
differs with the figure on plate VLI ir Sulletin 3¢, U, 5. Geo-
logiecal iurvey, given by ir. welcott, but conforms very well
with his figures given on plate VIILI of the same Julletin. .ur.
walcott's deseriontion fits this specimen very well, except that
there are no pore—~like pits, but minute elevaetions which in a
megsure take the pluce of the depressions. This specimer is about
nine millimeteors vwide, and nine millimeters long.

Gerus Lingulella, Salter

Linguells, Salter, 1861: Memoirs Geological Lurvey Great
Britain, p. 333.

Lingulella Caelata, iall {(sp.)

(}-‘1102}

- Orbicula ceelata, Lall, 1847: Pgl, B. Y., Vol. I, p. 290,
pl. LXXIX, figs. 9a-c. '

Cbolella (C). ozeleta, Ford, 1871: /‘merican Journal Science,

34, cer., Vol. II, p. 3&.

Lingulella caelata, Ford, 1878: American Jourmel science,
1 B=




é4, ser., Vol. XV, p. 187;

Bulletin No. 50, U. 5. Geologiesl Survey p.95, Plate VII,

Genus Orthis Dalman

Urthis Dalmen, 1827: DSee &Srit. Foss. Brach., Vol I; Genl,

Introduction, p. 1U1. :
Orthis ¢ gzggmgn is n. ep.

Orthie? lighlendensis, Walcott, 1886: BSulletin Ho. 30,

U. 5. Geologicel Survey, p. 119, P1, VIII.
(Fig.6)

The sbove foesils were muliy found in the same stratum,

Some time one speciee is well preserved,and some times encther.

Many fragments of foeeils were found. The brachepode seem less

easily destroyed, when the shale is broken while it is damp or wet
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"Cambrien Fossils from the Wasatch

santequin. "
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The pre-Cambrian and later rocks of the Santequin distriet
have been affected both by folding and faulting, while igneous
intrueior has played no emsall part, The readily traceable bede
moke it comparatively simple tc work out the larger structural
features of the distriet, but the scareity of good exposures in
some large areas renders the detail quite difficult. Enough datas
were obtained, however, for recogenizing the great fold, for treois
most of the great feulte, and for making some generaligzations in
regard to the oharacter of the minor structural features.

The age of the seporate faults, folds, and igneous intrustions
presente some diffienltics. In no place is mme fanlt clearly
thrown by another. It ie evident, however, that the structural
features have been in scme degree cénte:ﬁﬁom.eonsly formed, and
the work of the same forces. ' ‘ ‘

In the following pages, devoted to structure, some account
of the folding will first bde given, the general character of the
faults will be described, followed by o discussion of the igneous
intrusions,

POLDIEG:

The rocks of the Sentaquin distriet have been thrown into
one lerge plunging enticline, resembling o dome. The major axis
of this antigline extends almoet due esst and west, the apex
being in the vicinity of Little ldan's Canyon, irmediately south
of Greean's Canyon. The anticline plunges sharply to the east,
the beds in the wiocinity of the Union Chief iine, dipping about
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.ast, and at the top of tre divide to the ecst, whieh is

- stratigraphically higher, sbout 4C .apt. The socuthern limb

of the anticline is cut off b a large fault in the vioinity
of Lentaquin Canyon, and the northemm limb ig groedamlly lost in
the Bonneville sediments of tie¢ vulley.

The antiocline 18 very well shown on the steep westerz faoe
of the mcunteine, & projection of which is given in Plate II-4,
while #lutc I-A, shows the dip of the beds along the axic of the
anticline.

J0 locel folding of any oconsequence was shewn in the disge
trioct. Immedistely south of hantaquin Canyon, however, the
rocks, whioh are of & much leter geologic age, have been locelly,
greatly folded and distorted, showing the presence of local dy=-

namioc agencies rot present in the older rocks.

FAULTIuG;

The Grent Wasateh Fault.

The steep westcrn fooe ¢f the mountains in this distriot
is dus lurgely to the presence of the great Lasatoh fault, whioh
extends alorng the base of the mountsins, the mountein-side Jorm-
ing the eroded esocarpmunt of tre 0l1d feult,

the Wasatch fault has boen decoribed by King, in the 40th
Parsllel .urvey, s¢ having an acoumulated throw of about 40,000
feet, and it ie considercd cne of the lurgest faults kmown to
geology. The gencrzl strike of the fzult ie north and couth, and
1t moy be treced for a dicterce of cuout 16U miles fro- Collig-
ton, in Box Elder County, to the couthern part of Utah County.
The western blocwk is down-thirown.

=16~



This foult belongs to tie vast gystem of block-faulting
known to exiot between the . usateh apd tlerre mountzins, the
origin of which dotes baok to late Cretucecus times, That there
have been reccent movements along this old fault-plane, 1o well
shown by & 20 foot escarpment, little altecred by erosion, which
ccours imacdiately south of Green's Canyon, Just above the old
donncville lake-level,

Local rauliing

Evidences of 7eulting.

The existence of a fault in thie distriet 1s best proved
when ¢ formmtion is found ir contect with amother, nct adjecent
to it in the normal stratigraphic sequence. In no placce oan
the plones of the major fanlts be observed in unéderground work-
ings, nor was & fault brcocia noted in any case.

Although the positive demonstration of frulting derends on
the cbove, the existonce 0 & feult ies frequently saggested by
certain topographic festures., In this district, the fault lines
are oharacterized Ly gsuliies in whioh relatively rapid erosion
hao token place along the fractured zone, and by saddles where
the faults crced thc top of the divide. In plsces, se in the
MoGee's Canyon fault, there 18 an abrupt chunge 0f slope slong
the fault plsne, due to differentiel erosion.

@encral Gharacter end Lirection of Faults.

In this district, it was imposzible to determine the dip of

tie faults, as there were no direot expoourcs of the fault-plene.
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For the same reason it was difficult to determine whether the
fuulte were normal or reversed, but from the character of the
outerops, it would appear that most of the faults in the dis-
triet are of the normel type, having very steep, elmost verti-
cal dips.

Moet of the faulte abserved had a throw of from 50 to 1,000
- feet, thus meking them evident, for while multitudes of smmller
faulte doubtless exist, the conditions 4o not admit of their
being traced.

In direction, most of the faulte are nearly east and west.
They have & slight radisl tendency, striking toward the axis of the
anticline, which shows that their origin may be contemporaneous
with that of the enticline, as, in the folding, the greatest
strein would occur along redial lines fxom the pole or axis,

Desoription of Frinmecipal Faults.

The dislocation that has th§ greatest throw will be desig- ‘
nated the saataqnin Canyon fault, from its proximity to that can-
yon. This is & normal fault, with strike nearly duve cast and
vnst. end with the down-throw on the south, It is distinetly
traceable up Santaguin Canyonm to the point wherethe guleh, lo-
celly termed the "gep", branches off from the main canyon, and
thence up this gulch to the top of the divide. The fault here is
well shown by eroeion, &nd slso by the unlike character of the
- adjscent beds. The throw must heve been at least several hpndred
feet, as the limestone on thenorth has, to the south, completely
disappenred under Vthe lake sediments.

Another foult with & throw of about 100 feet wae noted in
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Little &an's Canyon, just south of Green's Cenyon., This,too,is
of the normal type, but with tne northerm blook down-throw., It
strikes nedr.y due east &nd west, The fault-plane is well ghown
by an erosion gully, whioh ocontinues to tue top of tae divide,
end slso by the ved of shale, 7hich has been rlairly displaced.

The foult which was noted in !loGee's canyon may be ¢alled
the lecGee's Canyon fault. This s of tie normal type, with the
northern block down-thrown, endstrikes sbout morth 6U° esst. The
throw is 15 the neighborhood of 1, v feol., The fault ie well
shown by erosicn, and also by tne adjacert bveds, as the limestone
to the north is found abutting the granite to the soutn. The
fault-plane pussee in the peighborhood of the old iron-mine in
Kouce's Canyon, bat is not revezled iz sny of the underground
workings.

LINUR Fivult bbb SRAGIUMRLS:

In the vicinity of the Unlon Chief iine in Green's Vanyon,
there has been oonsiderable locel faulting and fracturing. There
are apparently two digtinoct sete of frootures, one sirlking
porth 40° esot, and the other almost due cast end west. The dip
of theso fructures is, in &ll ouses, very steep, being almost
perrendicular, Lome of these fissures are filled and some open,
while scme show movements along the nlanes of fractaures, while
others 4o not. In no ocuse has the displacement exceeded a few
fecet. 7The movement is8 vell shown by slickensides in the under-
ground workings, both slong the fracture-plones ard ir some
ingtonces, slong tne bedding-planes of the limestone.

The feuzlting and fracturing in this vicinlty lc evidently
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grently localiged, and maybe due to the proxi~ity of an igneous
intrusion, which has rnot been uncovered by erosion. Further
credence ig given to this thecry by the presence of porphyry
sheets, but & short dictance up the mountain.

10ZR0US INTRUSIONS:

AXohssan i‘scxo-Granite Intrusions.

Intimately csaociated with.the pre-=Combrion gneicses are
found a secrien of intruciwe sills of an exceedingly coarse groined
granite, These cills vary in thickness from & few inches to scev-
eral fect, ard in all eases, apparently follow the bedding planes
of the gneios. The origin and relative nsze of the Arohaean gran-
ites have long beer open questions with geologiste, and as yet
are undeoided. That the granite is younger than the gneisses is
shown by xenoliths of gneiss ocontnined within the grenite, while
the ocoarsely orystalline nature of tle granite signifies that it
was orystallized under great pressure, and consequently at great
depths.

Contaot Granite Intrusive 5111,

Along tue unconformity between the Archsmen gneisscs and the
Algonkien quertiite. i formed an ihtrucive s8ill of & fine-gzruined
pink granite, This 2111 varies in thicknese from 20 to EU feet
and i8 universally found wherever the contact is exposed. At
placee, notably in the vicinity of Jreer's Jlanyonm there arc smell
dykes of the same meterial, which out zoross the bedding-plenes
0f the gneips, &nd ore cvidently tributaries of the main intrueive

8ill.
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Ho xenoliths of the overlying quartzite were found within
the grenite, but from the obvious intrusive contact, it iz ev-
ident that the intrusion occurred after the gaartzite wos de-
pogited. The crystallization of the granite givee evidence of
slow cooling at considerable depth, and it is probable that the
intrusion occurred before the folding, and has only been exposed
ginee by erosion.

Dark Grenitic Dyke.

In Green's Canyon, immediately west of the intrusive contact
betwecn the gneies, and the pink granite is expoced & dyke of &

derk fine-greined granite.

"Gontact of Dyke and Archacan Granite, Green's Canyon,"



This dyke veries in thickress from 12 to 20 feet, ond its walls
eye evidently almost perpindieculer., Its strike 1o approximately
gouth 10° east., The dyke cuts the gnelss and macro-granite, but
disappears in the pink intrusive eill grenite, arnd does not cut
the overlying quertsite. This shows that it is elther older than
the quartzite, or contemporenecue with the other grenite. From
the faot thet the two grenites are gquite similer in charsoter, it
would appear that the lstter is the true theory.

Andesite Dyke.
In the Black Balsam tunnel, near the mouth of Green's Can-

yon, is exposed & small dyke of andesite. The dyke is about 2
feet in width, ond strikes north 40° eeet, with walls practically
perphndiculer. The dyke was traoced on the surface for some die-
tance, out into the gquartzite.

The dyke is so small es to be practically unimportant, but
it is interesting, in that it is composed of a rock of an emtirely
different charsoter from the other igneous rocks oi’ the distriet,
end it represents a different period of ignoous activity; and one
probebly of a much later date than the intrusions hitherto de-
sorived., Agein, the rock weathers very essily and conseguently

18 very difficult to observe on the surfsce, snd it is quite
poaublé tiat there are other intrusione of this nature in this
vieinity which have eseuped notice.

Porphyry Hills.

Near the top of the divide between Greem's Canyon, @nd Broad

=5



Hollow, ard about 1/4 mile ecst of the Union Chief .ine were
noted two £ills of & yellowish porphyry. These sills were about
1l to 2 feet in thicknee%, and apparently followed the Ledding
planes of the li:ettone, The rock 18 &0 badly weathered that

it 1s diffiocult to trace the 8ills for great distances,

Thie intrusion is the clocest to the Union Chief iine, and
the freotured condition existing there, together with numerous
iron fissures radiating from these sills would lead one to be-
lieve thet there may be o lecrger intrusion of ignecus rock in
this vicinity. 7The sills may heve been forced between the lime-
gtone beds by the intrusion of & much larger body of igneous
rock, of which they are only a esmell part, sand the grester mass
has not been uncovered by erosion.

HISTORY OF STRUCTURAL DEVuLOPLELT:

At this point, it might be well to summarige the ohron-
ologicnl events of the gtructural development of this dietrict,
a8 far as it is possible from the evidence obteired in the field.

Conserning the macro-granitic intrusionc, little conoerning
their age oan be determined., It ig probeble, however, that they
ocourred in pro-Cambrien times, as the »re~lambrian rocks are
invariably associsted with intruciwes of a similar shsruoter, =nd
igneous forcee cre known to have been getive ot that time. The
evidence, however, is only inferential at best,

The granitie intrusion, which ocour: hetween the /rchaean
goeiecs, and the ilgonkian guortzite, undcudbtedly ocourred sub-
sequent tc the deposition of the guartzite, and prior to the
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folding. In other words, the intrusion must have occurred
between Algonkian and Cretececus times, but no more definite
infomation could be obtained.

That the folding ococurred in late Cretacecous times is
enswered by the faet that it is well known that the entire
Woseteh range of mounteins hed its birth at this time. The
evidence in the field i also rather conclusive that mcSt¢ of
the faults were contemporaneocus with the folding, @0 that,
they too, had their origin at thie time.

Perhaps the mogt recent event in the struetursl history
wag the intrusion of andesite. That it is older than granites
is shown by the fact that it cuts the granites, and from its
general character, it 1is evident that it is elso older ﬁhan
the folding, which would make it post-Cretaceous. It is not
unlikely that thies intrusion occurred in Tertiary times, es it
is well known that ignecus foroces were very active in the weet
at that time.

But, little can be determined ooncerning the age of the
porphyry, other than that it is post-Cambrian. A more detalled
study might prove that it was in some way related to the andesite,
end that the two were contemporaneocus in origin, but, with the

present date, such & theory ie but inferential.



Tred .. Hale,‘Jr.

METALORILIC ROCKS:

The pre-Cambyien (neiss.

A gneice is o retamorpiiio rook whioch may be derived from
#ithexr sedimentary denocits or ignecus material. 1t possesses
a charsoterietic flow-structure, the long exes of the erystels
being in & definite direction, and is largely distinguished
from the schists by 1its cosrser toxture,

Thie gneiss is of = unlformily dork-greon color althwough
at times it takes or & grayish tinge. 1t poucensee the char-
solcristic gneissoid texture and, like all oryctsalline gneicses.
heg an imperfect cleuvoge but megescopioally exhibite the chaxe
soteristio flow-usiructure.

The miowoscope shows that the essential constitnents axe
homblende in an emorrhous groundmass of quorte, end feldspar.
TLese fom o cozrve-gruined aggrogate, and occcosional augite
eryatals, also appear. See Plate L, figuree 1 and 2.

There 13 oconsiderable evidence to show tLat the gnelsases
are derived by metamorphism from cosrse-groined sedimento
elthough, microecopically, the er ystzls show very little ten~
dency to poralilelism slong their mejor axes, The highly eili-
cious oharactexr of the gpeiss suggests sedimentary origin.
There is no decisive indicstion of former bvedding planes, bdut
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the gneiss frecuently shows good evidence of having been con-
glomeritio ir nature. Ve ere justified, them, in concludjing
that at leaet the greater port of the gneisses are of sedimen=
tazy,;rat»hcr than of‘ igneous origin.

I‘ho motamorphiam of these gneisses, which hes been re-
mr ly uri:form. mey have been due in part to the obvious con-
taﬁ)i action of intrusive mecses, but the process seems to be

"  nearly a case of regionel metemorphism. For this alter-

g ation. deep subsidence, and burial under later deposite, in-
tense folding, and tine for the completion of slow crystalliz-
ation and chemical rearrangement, are considered efficient ceauses.
SEDINELTA ROCEE:

The pre-Cambrian (usrtzite.

Quertzite is o metamorphosed sand-stone, and consequently
implies nesr-shore deposition. The pre-Cambrian quertzite in
this distriet is a demse , hard, reddish rock, occurring im- .
mediately sbove the gneiss. The mioroscope shows that it is
composed of fine-grained fragments of guartz, cemented by &
siliciouns cement, highly steined by compounds of iromn., See
Plate I, figure 3.
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'‘Exposure of pre-lambrian Cuartzite in

. ' ¥ o o ¢
L“x’ N8 Vvan "Oﬁ'

and rether thin-bedded san

the g be » to regional metamorphlsms &8 shown
- & oy (a3 144 o6
tin ualities

’ o 4 o 4
mouneal

-

Cambrian (uartzite-Conglomerate.

merate ies composed of rounded

uartzoese pebbles, varving in pige from 1 tc 2 centimeters, ce-

in

£
o
Fde
]
£
L#
[
-
et
&
fae

' 17 2 »
LY a &

t " £ 1 = i
gize into ¢ The rock does not

il



"EBxposure of Cambrian Jonglomerate in
ureen's Canyon,”

The pebbles are ccmrosed of a perfectly homogeneous quartz
and have cvidently been derived from the underlying quurtzite in
the form of sandstone, aond subsequently altered to guartzite by
regional metamorphism. The size of the pebbles which constitute
the conglomerate implies very neor-shore de=osition.

Comixisn  aerizite.

The Oambrian qunrtzite is ecsily digiis_uic.cd from the
pre-8ambrian qusrtzite by its lighter color, it being of a faint
pinkish color, but like the pre-Cambriasn quortgite, it is a
dense, huard, homogeneous rock rossessing no cleavege, vut the
oharaoteristic quartzitic fracture.

The microscope showe thaot it is cemicosed of quartz graine
of macii grevier cize than the pre-vamorian jusrteite, as will
be veen by & comparison of the two micro-photographs, figures.

3 and &, llate L, Like th.e otner gaartzite, however, the ce=
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menting material is eilicious, but only faintly colored by
ferzjuginons compounds., '

The origin of thie quartzite is similar to that of the pre-
Cambrian guartzite, it having been originally & rather coarse-
grained sandstone, subsequently asltered by regional metamorphism.

Cambrian Shele.

A shale differs from a sandstone or quartgite very largely
in texture, it having been derived from fine-grained muds or
gilts subsequently indurated, It is usually deposeited 1p deeper
water than are the sandstones. Its composition is, of course,
also somewhat different. }

The Cembrian shale in thie distriet occure in dark thin-
bedded layers, gray in color, but having a greenish tinge when
seen in mecs. The individual beds ere very thin, usually boans
less than 4 inoches in thickness. The shale is composed Qt & fine
orystalline aggregate of gquarts, oontaininc many gnttort'% seales
of sericite, giving it a satin-like sheen.

The shale has been 80 highly sltered by regiomsl uta&ob—
phism as to be almost & schist, and in places, notably 1n;¥.th.
vieinity of tie Union Chief Wine, the shale possesses typi\al

schistoce structure. AR
Y

This shale is the only fossiliferous horisgom toan in this
distriot, but in most coses, the metemorphism hes hecnf@p in-
tense as to destroy all but .the superficial outlines of‘t;kg:
original forms. LN
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Cambrien lLinestone.

The limestone in this vicinity varies in cclor from a pure
white to almost black. It is preveilingly thin-bedded, the beds
ranging in thickness from 1 to 2 feet, and is quite variable in
composition, some strata being so silicious as to be almost
quartzite. About 200 feet above the guartzite is found a 20 foot
stratum of a pure white limestone, & miero-photograph of which
is given. (See Plate II., PMigure 1.) This limestone appears to
have been oolitic in texture, but metariorphism hes greatly al-
tered the original texture,

A short distance above this is a stratum of dark-gray lime-
stone containing frequent nodules of chert, and highly silicious,
while near the top of the mountain is a reddish stratdm of al- V
most pure quertzite. On the whole, with the exception of the
one oolitif stratum, the limestones ere rather impure, contain-
ing varying amountﬁ of siliea, up to high percentages. The con-
dition of the 1limestones shows frequent oscillations of the
sca~-level during deposition. Lo fossils were found in thi‘i
limestone. |
IGEEOUS ROCKS:

Grenite.

4 granite is a holoerystalline rock composed of quartz and
orthoclase, with some plagioclase and containing biotite, horn-
blende or augite as accessory minerals. The term ie used loosely
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to include all coarse-grained igneous rock, but in the technical

- 4 $ 4 = P o wng ' 2 =2 sual  wadh e ad owmiand 44 A -
senge, it refers to igneous rocks of granitic texture
&
eobn 4 c Y w e oy & PR S P— W 1 . 4 Pt Ae "
which contain , &nd in which the principal feldspar

In this dietrict there are two distinet kinds of grar

.}

that occourring in the intercalated series between beds of gneis:
and the granite ocourring in the dykes.

Ihe first mentioned is an excecedingly coarsely cyrstalline
granite, composed essentially of quartz, orthoclase, and biotite.

”

The granite occurs &8 sills between the beds of 88, varying

ot

ENe

B4

in thickness from & few inches to several feet.

oo
ts

"Exposure of pre-Cambrian Granite
Green's Canyon.”




The orystals composing the granite are of oconsiderable size,
varying from 1 to & inches in length, and the biotite ocourring
in messes about 1/4 inmch thick. The orthoclase is the typical
pink variety and the quartz usually oceurs es idiomorphic hex-
egonal crystels. The granite may have contained ot her accessory
minerals such a8 hornblende, mgnetiti, etec., which have been
subsequently lesched out, but no iron steins or other evidence
of such was found.

The granite ocourring in the dykes end also in the intru-
sive 8ill immediately under the pre-Cambrian quartzite is of an.
entirely different nature from the intercelated macro-granite
above described. 1t is a holoerystalline rock composed essen-
tielly of quartz and orthoclase with_ considerable hornblende .
and many coryetals of magnetite, and in some cases, hematite in
the form of speocular iron. The granite possesses the typical
granitic texture, with orystels ranging in size from 3 to 7 mil-
limeters.

Under the microscope, the quartz and orthoclase show fre—F
quent micropegmatitic intergrowths, as shown in the microphoto-
greph. ( Plate II., Figure 2.) A orystel of megnetite, sur-
rounded by orystals of quartz and orthoclase is also shown.

( Plate 1I., Pigure 5.)
/ndesite.

An endesite ie a felsitic or porphyritic igneous rock, con-
taining no free gquartg, in which the principal feldspar is pla=-
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gioclase, and the sccessory minerals are biotite, cugite, and
hornolende.

The andesite in this distriet ccours as & small dyke near
te north of Green's Canyon. The roeck is greenish gray in color
end very fine-grained, although it shows occasionel phenovorysts
of biotite.

The microscone revels mmell phenocrysts of labredorite ond
suglite, with numerous needle-orystals of biotite, whieh osccur in
g microlitic ground-moss, (See Plgte II., igure 4.) The
necdle crystals of biotite give the rosk 2 disbasie appearance,
but trhe pla _ioclose errstels do not appear in the needle form.

YOXpuyTy.

The porphyry, which outerops In the form of sheets nesr the
top of the mountain is yellowish, ard élay-like in aypearunece.
The samples procured were £0 badly decomposed wzs to preclude the
determinastion of the original rock form. It is quite gilicious,
however, and is evidently the decomposition produst of o fine-
groined acidic igneous rock. '

Conclusion.

Coneerring the generic relntions between the izneous rook
found in thie district, but littlec ocen be seid. The two granites,
although differing widely in eppesrance, are in reclity very
similar, the principal difference being the texture. It can be
quite confidently inforred that the two were derived from tre

same lgrecoug magma. The andesite, of course, differs widely
-23-



from the grenitee, and shows no apparent resemblance to them,
but 1t iz mot impossible tint it £00 was derived from the some
sotres, se well as the porphyry of which but 1ittle can be de-
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By
i, Mansfield.

O e
GEL. SAT

The sam:aqain Hining Distriet is situated on the western

slope of the VWasatch mountains, almost 2 uilee cast of the town
of Santequin, and just et the southern extremity of the rang’o;
The rook aer;oa of this distriot comprise granites, sohists,
gneisses, and quartzites, all of pre-Cambrien age. The quart-
gites are the upper member of this division. They are over-
lein, in turm, by conglomerate, guartzite, shale, and lime-
stone of Cambrisn and Post Cembrisn sge. The chief ore deposits
ere lead-silver deposits in the limestone. Small bunches of
ocopper minerals were noted in the pre-Cambrian granites where the
latter has been out by & dyke of andesite. Gold end silver i

values were reported to haove been found in the granite at the

~

foot of the mountain.

HISTO BVELOPALNT :

Some prospecting had been done in the early days, but not
until 1899 had any real mining work been started. IT was in this
year that work on the Union Chief tumnel in Green's Canyon was
commenced by Mr. A. H. Larsen. ©Emell quantities of lead-silver



ore were found. Very little was accomplished, however, until

dr. G. L., Bemis oceome into the field in 1906. OSince that time

the work of developing this property has gone on steadily. In
the same yecar work was begun on the Wasatch property also, by

¥r. Bemis.

in 1900, the Granite Wining Company drove & tunnel into the
foot of the mountein, Smell quentitics of copper ore were found.
All the workings ere, os }et, in the developmental stage. Those
at the base of thé mountains are comparatively casy of access,
but those situnted higher up on the mountain-side are resched
only by trails. All supplies have to be earried upon horseback.
Practically all of the mines are opened by tunnels. Tl;one worked
through inelines or shafts, are operated by windlas or whim. All
drilling is done by hand.

THE BINES: :

The Granite mine is looated at the base of the mountain
a short distenoce south of the mouth of Green's Canyon. 4 tun=-
nel several hundred feet long has been driven into the Pink
grenite. Ite direction is north 85 east.

The Black Balsem mine is in Green's Canyon, several hundred
yards above its mouth. The development consiste of & short tun-
nel driven into the reddish intrusive granite where this granite
is cut by o dyke of endesite., Small patches of copper ore were
found. .

The Union Chief mine 18 in Green's Canyon, about half way
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up the mountain top. It is the most extensively developed mine
in the distriot. The workings consist of two cross-cut tunnels
in the limestone near its contaet with the shale. One tunnel is
about 3‘00 feet higher than the other. The lower one is 2,000
feet long in & north-casterly direction, It is connected with
the upper one by a raise, end incline. This company's holdings
consist of 12 or more ciaims, 6 of which are patented. The
greater part of the field work was dome at this mine, and a full-
er description is given later.

The Bullock mine is located at the foot of the mountain,
about 100 feet south of the mouth of Broad Hollow. Its develop~
ments oconsist of a 76 foot incline, surk on a 4 foot vein in the
pre-Cambrian granite. The vein materisl is granite mingled with
decomposed schist. Both walle are distinet, and slickensided.
Good gold values are said to have been foun_d.
| At the mouth of HeGee's Canyon, the Iron Prince Hining Com-
peny has driven a tunnel several hundred feet long through tie
lirestone into the granite. This ie an exceptional condition
in whieh a hill of nmatdno rests upon pre-Cumbrian grenite.

A body of iron ore carrying small values in gold and silver was
found. | 2

Higher up lcGee's Canyon are found the workinge of the
Brownstone lining Company. They consist of a long tunnel in the
quartzite, and of another tunnel in the limestone. The former
is barren, while the latter shows almost the samc conditions as
found at the Union Chief Wine.

The Wasatch Hine is located at the base of the mcuntain,
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one querter of a mile north of the mouth of Yellow Rock Canyon.
4 tunnel 1,400 feet long 1o driven into the lirestone starting

. e % - | . 2% P .
!:Cf&-»r "s-.'-k« .ﬁ.i»;&uiuiae"uf;twlc con \E;Cﬁ.

'Wasstoh Tunnel from road.”

At the time of the las igit, a lerge vein of ferruginous
material comprised principally of hematite and limonite lmd been
encountered. It 1o a very favoreble Jooking material, and gives
promise of becoming ore-bearing when followed up. This is fur-

ther borne out when it iec ceclled to mind, that o flssure higher

on the hill, known as the "little Jahnny" fissure, carries ore

whose gangue is identicel with this material.
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A8 before noted, the chief, if not orly ore-dejyosits ooscur
in the ruleozoilce limcutone, snd the principal one ic found at thne
Union Chief iline. In what follows, tuis deposit is the one re-
ferred ﬁo unless the contrary is gpecifically astated.
| “hile thie district may be said to be in its infancoy, some
ore has been shipped from it. .bout 4 ocarloads were mined from
the "lLittle Jonony"” fissure. The Iron Frince hee shlpped some
iron ore to the smelters for fluxing. Aibout 100 tons of first-
elass ore is siicked on the Union Chief dump, though until the
preper facilitice ere rrovided, it is almost imposeible to ship
this ore.

MIRSRALOGY OF THE URE=Dan ui:lls:

Only those minerols of some importance or interest in ocon-

nection with the ore deposits are desoribed.

lphur is found in the Union Chief Kine, sssociated with
the ores. It occurs in smell lumps lying ncxt to the limeétone
walls of the vein. |

Pyrite ocours in insignificant quantities, forming conore-
tions in the limestone. 1ilone was observed ssscoiated with the
ores.

Gelena is the most imuvortont minexral in the district. It
is, in the main, cocrgsely massive, tie cleavage faces indicating
orystalline individuals up to 2 inches in diameter. Some of it
hes a greired apprearance, and is called by the miners "horse-
flesh galena.” 4Lgain, this mineral is found in the badly altered

portions of tice veins in fine grains, not unlike aeoncentrates
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from & Wilfley table. All is argentifercus; in fect, this is the
only mode of occurrence of silver in the district.

Lormnite end Cheleopyrite with their al teration minerals,
Malechite and Lzurite, cre found in small petches in the pre-
Cambrian granite at tie 3lack 3slsam mine. They are associated
with & dyke of and#site which outs through the graniie at this
property.

Ahglesite occurs a¢ inorustations on galena. It 1= the
firsf stoge in the breaking down of the latter minersal.

"Barite is not a common mineral, and is not found with the
oreg. The only occurrence noted weme in an east-and-west fissure
in the lower tunnel of tre Union Chief iine.

Calcite is the most cormon mineral. It occurs as & gan-
gue mincrel, and ac & lining on the walls of oevities, and bar-
ren fissures. usorge msasce of the veriety fotin OHpar with in-
dividunl crystels 3 inchec in diameter are found.

verrusi te forms a considersblc :ortiom of the ore thué far
developed. It occurs as inorustations on the G8lerna and in a
powdery, unconsolidasted condi tion abeve the Gelena.

nematite is an important géngue mireral, intimtely as;
socizted with tho Galena. Limonite,its ajteration produect, occurs
with tlLe cerrusite.

Specularite and :sguetite occur in the pre~Cambrian grsnites
ag segregations.

THE ORES:

Constituents.
The essertiel ccnatituent of the unoxidized lecd-silver ores
is 8 coerse-grained Galera whioch is always ergentiferous. It ocowr

-42-



go pure tlzt it can be sorted and shipped in lumpe. There ere
no associated sulphides. Ccrrusite and .inglesite form a consid-
ercble portion of the ore, particularly the former. The gon-
gue mineranls are hematite,lironite, ard caleite. Lo quartg is
present. Obviously, thies ore is ideal for metallurgioel trect-

ment.

Faragenesgis.

By peragenecis is meant the association of the various ore
and gengue minerals vwith special referenoe to the order and mode
of their formation. 1t the study; of the perugenesie of the mine
eralc in 8 metealliferous derosit, it cannot bLe safely premised
that the various minerals hove formed in o simple non-recurrent
sequence. Mdore cormonly tiere is a complex ane recurrert order
of formetion. Great length of time and meny mecheniocsl and
chemioal steps are involved in the accumulation of most large
ore bodies. .

In the Union Chief Mine the hemetite an galena appear to
have beer contemporesneous in origin. A sample from the "lLittle
Johrmy" fissure indicected this very strongly. This sample was
8 mass of hemctite and gelena very intirmmtely intermixed. Thet
the calciie came in later wes conclusively proved by finding
opecimens in whioch galena corystals were entirely enclosed in ths
caloite,

Tenor.

A8 before noted, the ore 1le high grede, being remarkably
free from any cdmixture of impurities. The ascays given below
reprecent approxisetely tie value of the ore as it could be

" mined.
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Semple No. _ Pb.%  Ag. oz, per tom

: 1 s 65.86 : 26.50 :
25 : 78.06 : 18.00 :
i3 t 78.66 : 86.80 :

Semple No. 1 was teken from the upper tunne] level. It
consisted of cerrusite und hematite with some lime.

Sample No. 2 is from the 85 foot level of the ineline. It
wae composed of cerrusite, with smll quantities of galena and
gengue mimersal.

Sample lio. § wae & lump of galena from a drift at the bot-
tom of the incline., With a possible lead content of 86.6 per
cent. it contained 78.6 per cent., The remaining 8 per cent. wes
principally iron replacing the lead.

FORM AED STRUCTURE OF DEPOSITS:

The ore deposits occur in fiesure veins in tebular form.
They are formed by the filling of open spaces along nearly ver-
tical planes of fissuring. There are, generallj, m sets of
parallel fissures which strike north 40° eastend east-end-west,
respectively; snd dip at engles of 60° to 75° from the horizom-
tal. Pay shoot and fiesure zone are prectically aoextensive,
All of the fissures are not productive, nor is any one fissure
productive throughout ite length. Hice bunches of ore have been
found at the intersectings of the fissures. '



“outh of Lower Tunnel, Union Chief Mine."

The pay shoots are from 2 to & feet wide, and show a band-
ing of the ore parallel to the walle of the fissure. The galena
occurs in rounded masses, varying in sige from thet of a walnut
to boulders 2 feet thick. This rounding, which hes the sppearance
of being due to erosion, is due to alteration. Currounding the
galena is an intimate mixture of cerruaité end hematite. Often-
times, layers of oelecite form 6 inches te 1 foot thick lie either
above or below, and in contact with the galena. The limestone
wolls are invariadbly intensely brecciated, and shattered and
ptained red .by the hematite.

In as much as the term yein is striectly applicable only to
those deposites whieh fill or accompany & comparetively simple
fissure, it is the term to apply to these depoeits. The broader
term lode would be unsuitable since it applies to zones of fis-
sures yather than to & single fissure. When it is ccﬁsidered
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thet there were but thiree exposures of ore at the tie of our
visit, and thet all of these were sbove the lover tunrnel level,
. it 18 eaeily seen thut there i8 much room for new evidence re-
garding tie exact nature of {hese deposits, and this camn only
be gained by further development work.

& T OO IO
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In this oconnection it will be well to furtier discucs the
ficsures., It is thought that the fissures mere fcrmed sbout the
time the mountainc were reised. Tuls happened in post-Crete-
ceous timeo, The flesures are not geping carcks due to tencien,
dbut were formed by compreseion. That compressive foiccs were co-
tive is shown by the selvege found along the bedding planes of
the limestone, and by the shaticred condition of the fissure
walls. Conddtiong for measuring movement olong the fissure planes
ere unfavorable., That this movement is not structurally import-
ant is evidenced by the fact that tie roock on each side of the
fissure is of the sore cuaracter. The ficsares extend to the
surfoce for the greater pert and in several ocascs8 gre open.

This latter condition was very serviceable {o th'c miners for it
furnished them with fresh cir in what would otherwise have been
unventilated portions of the mine. *

“here the werkinge exposed the thele, tig fissures wecre ceen
to extend into it. Tney were not found in the quertzite immedi-
ately urnderlying the shale., Just what depth they do attain is
conjectursl. Owing to the cteep din of the beds into the mount-
ain, there 1s noreason for thinking that the fissures do not reach
conei derable depth. This question of depth is a vitzl one in o~
sidering the future of the dictriet. |
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Belations of Ore Lepoults to “urfece and lepth.

¥ith the exception of a few bore outorops of the most re-
siating rocks, the surface is covered with & mentle of woil which
gupports a thiock growth of vegetetion. In a few vrlaces the out-
orops of the ficsures rey be treced for short distances. Taoy
vary in width from a few inches to 2 or & feet,and are filled
with ferruginous taloy meterial. The upper tunnel was ostarted
on & north-east fissure. . chort distence in, the ore was struck,
The workings have a vortical range of sbout 300 feet, with the
lowect exposure of ore about 160 feet below the uprer tunnel lev-
el, 211 in the gzone of oxidation.

‘dth inoreasing depth we shculd ex-eot the ore alteretion to
become lecs ond lese pronounced, resulting in on increasing pro-
portion of sulphides and a decreasing amount of oxides and cur-
bometes; this process oculmimting in the gone of useocendory enrich-
ment in the vicinity of the ground water level. The depth of
the ground water level in this district, with 1ts high rugged
topography and moderate presipilaticn should be from 600 to 1,000
feet below the surfoce. That there is a gzone of secondary en-
richment at depth isg fuirly vell shown by the ocondition of the
ore cxrosures, wieme we have partial oxidation, and partial ool-
ution. These polutions in their downwecrd course would precipitate
the metals as cecondary sulphides some where near the grozm@ water
level.

Trhxough the miney as yet developed, -ould be termed "dry”,
there is ocnsidercble oirculation of vadofte woter., cveral pro-

-47=~



nounced seepages ocour in the lower tunnel which are the sole
su;ply of the woter required by the mirers. In various places
‘oracke in the limestone arc filled with erystals of oslcite, and
barite depocited by these waters, An interesting point in con-
nection vith the chenges in the oRe with depth, is the prodbable
appearanse of cphelerite and pyrite partiecularly the former. It
is more easily soluble than the gelens, ond if precent in the
primary miperals, 1t will be found accompanying the golena in
the zone of secgorndary cnrichment,

GELESIS OF Tis DRPOSITE, (ORLS)

In the forrmetion of sny ore body, two conditions are of
vital isnortance: Ignoous magmes carrying minereliging solutions
ond vermeable rcoks to act &g recenteglss for the ores. The
limestone in this ddstrict, with its numcrous oracks 2nd £issures
anl ite relative pureness 1c preeminently fitted to fulfill the
lztter condition. The source of ihe ore ic 2 matter of ccnjeoture,
A smull outerop of badly decomposed igneous rock was found upon
the nill about 1,00 -feet north-east of the mine. It appears
to 1ie in & bedding plene in the limestone, snd may be en off-
shoot from & large body of igneous rook ihtruded into the lime-
stome. Vhile thie appears to be the most plansidle explanation
that cen be givenp, it is not cdvanced with any degree of certsinty
for thexe is no proof that such is the case. As hee alresdy
been stated, moot of the fissuree are berren, insofer as they
kave been procrnected, but thie ies vo be expected for but few of

them might setve as channels for the ore-bearing solutions.
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The evidence a2t lmnd seems to show that the ores are later
than the fissures, and originasted by pneumatolytic action. By
peeumatolytic action is meant the section of highly heated watery
vapbr associated with mineralizing vapors, and metals, under
bigh pressure, originating from an igﬁeous magme., énd deposit-
ing the materiels in the country rock. We may assume that the
solutions form the intrusives conteined hematite, gelena, pyrite)
water, barite, and smell quantities of argentite, and hydrogen
sulphide. The last is nemed to account for the presence of
n&five sulphur found in the ore. The sulphur may have resulted
from & reaction between the limestone, and sulphuretted waters,
or it may have been deposited directly as a sublimation or e
deposit from or by volecanic gases. That the ores were deposited

-

al great depth is shown by their massive orystellizatiom.

“Union Chief line from opposite side of Canyon.™




SOMP/RISOES WITH OTHSER DISTRICTS:

At this point it will be interesting to draw & few gemeral
comparisons of thic dictriet with Yark City, the greatest ore-
producer in the .aseteh mountsins, on one hand, and the Tintie
district, just across ithe Goshen valley, on the other hand.
3oth the “acateh and the Tintio mcuntal ns camc into existence
in eerly Cenoeole times efter & long period of Fpleozole and les-
ogolo scdimentation.

it Park City the ore derosiic are at or near the conteot of
Upper Carborniferous quertzite and limestoms, Those at Tintio
ccour principally in Cerboniferous limectone, while those at
Cantaquin are found in Cambrien limestone. This is tie first
great difference--tint of zge. 4t éaataqnin, the idea was held
thet thie district wes 2 veocnd Park City. Zhis is imnosseldle
becouse & bed of shale liee betweepn Lihe quortzite snd limestone.
4180, 1ue ore is found UP in the limecstoze.

It is known thoat tie laws governing the derosition of ore
bodies in one district will not apply to ore devnosition.under
similar conditione in another dictrict. Lech district hac e
"hobit" of itsg cwn,'and meny serious mistekes have been made by
epplying to one eemy 7l laws that have been found to hold good
in encther ocemp. The last etotement is true of the Santaguin
distriot to come extent, nt lcest., Had all thet ic ssid above
been fully cppreointed, considerable dead work would hove been
soved.

PUTURE OF TEE DISTRICT:

70 foreorst the possibilities of o distriet o little
deve loped, ané contingent uron so many condéditions os the lan-

tagir district, is extremely hozordous. It has long beon no=-
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ticed that be far the greatervnumber of rine® beoome exhausted

at comparatively shellow depths; that veins, instead of can~
taining downward uniform in size and ocomposition, like déykes

of diabase and porphyry, become smaller and of lower value with
depth, and ofiten diseppear altogether. It often occurs in re-
glone of high relief emd ruggtd topography that the rate of er-
osion 1s grecter than the rate at which ores are oxidized, dis-
solved and reprecijitated at depth; all of which recults in the
eroding eway of the ore, leaving merely & small remnant in place.
Wwhen the erosion is mot so fast, the prémary anlphides apfbar

to be oxidigzed to sulphates, and diesolve. These sulphaie solu-
tions percolate downward into the veins or roaks below, elgng the -
rmoct open channelg, snd upon getting velow the gone of oziig.tion
sre reacted upon by the unoxidiéad ore. This resulte in t’:»-héf‘a;&for-
mtion of more and richer sulphides. ince the ores at oam;s.«»
gquin have been poriiaslly oxidized and dicsolved away, it la:fgly
reasonable to suppose that at grester de.th larger bodtes of\-"‘b;"s:
will be encountercd, though jusct to what extent it would be }ﬁm
to say. One thing appears to be conclucive, cznd that is t}hAat tl\ie
1ima£sto_ne'ié the minersl bearing roock. .ilso, the ficsures in tho “
limestons, snd not its contoet with the shele or quartzite are

the ore besrers.
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PLATE I-4
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