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EXPLANATION. 
The Geological Survey is making a geologic: 2. Contours define the forms of slopes. Since! town or natural feature within its limits, and at 'I changed by the development of planes of div-i· 

map of the United States, which necessitates the I contou.rs are continuous honzolltal1ines conform-I the sides and corners of each sheet the nallles of sion, so that it splits in one direction. more easily 
preparation of a topographic base map. The ing to the surface of the ground, thefT wind adja;ent s~eets, if pU,blish:d, are print~~. . I t!J:m in others. Thus. a grani~e ma~~ pa;';s luto a 
two are heing issued together in the form of an smoothly about smooth surfaces, recede mto all uses oj tlu: topollmpltrG shed. - ". It1lll the. and from that mto a lllwa·sclmt. 
atlas, the parts of which are called folios. Each reentrant angles of ravines, and project in passing limits of Reale the topographic sheet is an accunde I l'ocks.-These compri;,;e all l'(wkR 
folio consists of a topographic base map and about prominences. The relations of contour aud characteristic delineation of the relief, drain· ! which have depusited under water, -whetlier 
geologic maps of a small area of country, together curves and angles to forms of the landscape call ~ge, and CUItUl.,e of the d~"trict represented. View· I in lake, or stream. They forlll a ,'ery large 
with explanatory and de"cl'iptive texts. I be traced in the map and sketch. mg the 1and~cape, map m hand, e\'ery character· part the dry land. 

r' , , 3. Contonrs show the approximate grade of istic feature uf sufficient magnitude should be, 'Vhen the materials of which sedimentary rocks 
IIIE TOPOGRAPHIC MAP. any sloVe. The vertical space between t"vo con· recognizable. It should guiue the tl'llveler; sel'\-e' are composed are cal'l'ied as solid particleR by 

The features represented on the topogJ'aphic tours is the same, -whether they lie alollg a cliff, the illvestor or ovmer \\·ho uesires to a1:icel'tain the water and deposited as gravel, salld, 01' lIl!1Ci, the 
rn,lp are of tlllee dhtlnct kinds: (1) inequalittes I' or un a gentle slope; but to ll!'le a gl\en heIght I positIOn and surlUundlllgs of propOlt} to be deposit is called a mechanical sedilllelit. Thest' 
of SUI face, c,tlleu 1 ellet, as plams, plateaus, valle} s, on a gentle slope one must go fal ther th,lll on a IIJ0ugh t or sold; sa\ e the englllem pI elimlllaI) may become hardened into eonglomerate, sand· 
hills, Hnt! moullt.llnS; (2) distributlOn of wateJ, steep slope, ,md therefore contourt; ale f'll apart sm \ e, s m locatmg Ioa.ds, Idll\\ a) H, and llilgatiOn stone, or shale. 'Vheu the matcrial i~ cal'1'iecl ill 
calle(l aH streMHR, bkes, and s'wamps; on gentle "lopes and ne,lr togcthm on stetp ones dltcLeR, pun Ide educational matel Jal f('1 Rchools solution by the water aHd is deposited without. 
(3) the of man, c'llled culture, as lOads, I For a flat ot gently undubtmg cuunhy a small ,wd hortleel; and sel'\ e man) uf the purpot;es of It ~.he aid ~f life,Jt is call~d a. e~em~ca~ sediment; 
l'1llllod.d!ol, bound alles, \illages, and CIties contour mterval is used; fora steep 01 muuntam Ill,lp fO! lO{,,11Iefelence If depOSIted WIth the aId of hfe, It IS called an 

Belaj -All ele\ atwlls aJ e llleas11led hom mean ous (ountry a large mten al IS lH-~Ce~Sal) The THE GEOLOGIC MAP organic sediment. The more important rocks 
sea· level. The heightf; of many points are aceu· ! smallest intel'\'al LLsed on the atlas shcets of the fOl'rned from chemical and organie deposits are 
rately <letermineu, and those which al'e most Geological Suryey is 5 feet. This is used fot' The maps representing areal geology show by limestont', ellert, gypsum, salt, iron Ol'C, peat, 
important tLre given on the map in figures. ~ regions like the }iississippi deltlt and the Dismal colors and conventional signs, on the topowaphic lignite, and coal. Anyone of the ahO\~e se(li. 
It is desirable, however, to gi\'e the el:Yfl.tion of 1 t':hyalll~). In mappingw'eat mountaiHmas~ef'l,like, base map, the distl'ibutiun of rock for'lllatIOns.on lllenta.l):c deposits ~ay be 8epar:~tely f~)J']ned, ~ll' 
all parts of tl~e area mapped, to del\1leate the , thos~ 1Il ColOl:ado, th~ ~Ilterval H~ay be 200 feet. I the RUl1ace of ~he eart.h, anu the str~tcture.seehon the drfierent mate~tals ltlay he l?terlll:llglcd m 
huriz()lltal outline, or contollr, of all slopes, aJHl to , For mtermedmte l'eltef contOllr Inter\'a.I8 of 10, Hlap Rho\\'s t.hen' underground relatIOns, as ftlr as lllally -ways) produetng a great varwty of rocks. 
indicate their gmile or degree of steepness. This 120, 2i"J, f:iO, and 100 feet are used. known) awl in ,meh detail as the scale pt'l'ITlitf'l. Sedimentary rocks are usually made up of 
is done by linef; connecting points of equal elC\Ta· J)J'(tina[!e.~-\Vatercourses are indicated by blue KINDS OF ROCKS. layers or beds which can bc easily sepa.rated. 
tioll above merlll sea-level, the lines being drawn i lines. If the stl'eam flmvs the year round the These layers are called 8tmia. Roc-ks depll,sited 
at regul.al' \'el.-tical inte]'val~.. These. lines are 1 line is drawn unbl'Oken, .hut ~f the dIU.nuel is dry Rocks are of many kinds. The OI'iginal crust in rsuccess~ve, layers are sai~ to he stratifi~u 
calle(l contours, and the umform vertICal a part of the year the hne IS broken 01' uotted.. of the earth was probably ('om posed of rhe sUlface of the e::trth IS not fixed, as It. seems 
between eaeh two eontollJ'S is called the " \Vherc a st['eam sinks a.nd reappears at the sur· and all ot.her rocks have been to he; it very slowly rises or sinks m·el' wide 
-interl)(tl. Contoul'!ol aud elevations are printed in I face, the supposed underground course is shown them one ,:ay or a~\Other. . i e~panses, and as it riseH OJ' subsidesthe s~~re.lines 
brown. by It broken blue line. Lakes, marshes, and other Atmosphene agenCIes gradually break up tgne· of the ocean are chitllged: areas of tleposlllOll may 

The manner ill whICh contours express eleva· J bodies of water are also sho\vn in blue) by appro· ollsrocks,fol'mingsuperficial,ol'slfrfidal,deposits rise ahove the ,vater and become lfl.llli areas, iwd 
tion, fO\'Ul, and grade i" shown in the following ~I priate conventional signs. of sanu, and gravel. Deposits of this class land areHS may sink below the water and become 
sket.('h and c01Tespoll(ling eontour map: Outtnre.-The works of man, such as I:oads, l~a~·e _ f~ll1n~d on :~nd surfaces since the ~ar. areas of dcp~sition. If North America ,:\'ere 

railroads, and towns, together ,'lith boundarIes of he:-;t geologIC tane. Ihrough the tl'ansportmg gradually to smk a thousand feet the sea wuuld. 
tovv'nships, counties, and States, and artificial agencies of streams the surficial materials of all flow oyer the Atlantic const and tIle ::Uississippi 
details, are printed in black. ages Iltld origins are carried to the sea, where, tlnG Ohio valleys from the Gulf of :Mexico to the 

Scales.-The area of the United States (exclud. along with material derived from the land by the Great Lakes; the Appalachian :Mountains would 
ing Alaska) if'! about H,025,OOO square miles. On action~ of the waves OIl the coast, they form ~e(Ii- ,become an arch~felago., and .the ocean's ~h()re 
a. map with the. scale of 1 mile. to the inch this mentm'y rocks. These are llflllally h.ardened llltu I would traverse \\,I,sconsm, Iowa, and ~anf;as, .. and 
would cover 3,025,000 square inches, and to conglomerate, sa~dstone, shal.e, and limeston.e, but extend ~hence to lexas. l\[ore exte~stve changes 

I 

accommodate it the paperd. imensions. WOUl.d need they may remalll unconsohdateu an.'.l shll he, than thIS have repeatedly OCCUlTed III the .pa . ."t. 
to be auout 240 by 180 feet. Each square mile callecl "rocks Jl by the geologist., though popularly The chamcter ~f the original s:uime.nts may he 

"'-""::-",--,-,, of ground surface would he represented by a kn~wn as ?,ravel, s~nd, ~Tld clay... . changed by chemIcal. and dynamIC actIOn so as to 
square inch of map surface, and (lne lineal' mile ]irom tIme. to tl!ne 111 geologIC hIt;tor,r 19ne· pr~duce meta~orphIC rocks .. In t~e Illetamor· 
on the ground would be represented by a linear OilS, and sedI~entary rock~ lliwe .been deeply phism .of a se(hm~ntary rock) Just as III the meta~ 

: ineh on the map. This relation bet\"een distance bUrled, consolIdated, and raIsed agalll aboye the morpillsm of an Igneous rock, the ,m bstallces of 

I 
in nature and corresponding distance on the map sllrfaee of. the water. In these processes, thro~gh \~:hic~ it is eomposed lllnyenter into new com· 
is called the scale of the map. In this case it iR" 1 the agenCIes of pressnre, movement, and chemICal hmatlOns, or new~ substnnces may he added. 

I mile to an ineh. ll The scale may be expressed also action, they are often greatly altered, an(l -in this ",Vhen these processes are complete the sedimen· 

I 
by a fraction, of whieh the numerator is a length condition they are ~~alled metanWI1Jkic l'~ck[.,. tary rock becomes crystalline., t\u~~h chauges 
on the IIlap and the denominator the cOlTespond. If/JUons '/'O('kH.~rhelle are l'()(:ks. whICh lmve transform sandsto.~e to quartZIte, hmest~llIe to 
ing length in nature expre:~sed in the same unit. cooled and consol~dated fr?IIl a hqllld state. As ma~'ble, and. r~odtfy other rock>! acc()l'd~n¥. to 

}'ig. 1.-1(I~al sketch and eorr~SP·~~d-ing contour map. I Thus, as thel'e are 63,360 inches ill a mile, the has l?een explal~e~, s~dImentary roc~s were theil' eO~llposltlOIl. A system ?f pa.rallel dInslOn 
scale" 1 mile to an inch" is expresRed by depOSIted on the (mglllaligneous rocks. ILrough planes lH often produced, whICh may cross the 

The sketch represents a river valley between Both of these methods are used on the maps t.he -igneolls and sedimentary rocks of all ageR original heds or strata at any angle. RockR 
two hills. In the foreground is the sea, with a bay the Geological Survey. molten material has from time to time been forced divided oy such planes are ealled slates or Sdlists. 
which is partly dORed by.a hooked slmd·bar. On Thl'ee scales are used upward to or neal' the sl1l'faee, and there COIl· I Rocks of any period of the earth's histmy nwy 
eath :..ide of the valley IS a terrace. FrolIl the the Geological Survey; the srnltllest is solidated. vVhen the (~hannels or vents illto be more or less altered, hut the younger forma· 
terrace on the right a hill rises gradul111y, -while intermediate W;oo6' and the largest which this molten ma.terial is forced do not tionR have generally escaped lllllrke<l HletalJlOl'· 
from that on the left the ground ascends steeply correspond approximately to 4 miles, reach the surface, it either consolidates in cracks ~ phif;Hl, and the oldest sediments known, though 
ill a precipiee. Contrasted ,Ylth this preeipice is and 1 mile on the ground to an illch OIl the map. or fissures cl'Ossing the Ledding planes, thus form· generally the most altered) in some localities 
the gentle descent of the left·hand slope. In the On the scale G2,~ a square lTwh of map sllrface ing dikes, or else spreads out between the strata remain essentially unchanged. 

~~:;:,~;;~~t~f :~~~:~o;,e~!u:~: i:k~;~~~~;(\~::::~~l; ~:;;:~s:~t~h:n~ca~~1::,,:,O:od~(1;~~2r s~~1a:.e :~:~::~ :'~c~~~~.eb~~;~::l c::;t~~18:~~s O\J~t~i:i~~:ir ~.~~~ sa;~;~~;:~e;';C::d;~':~~::s~~:~::,~,~~::2:;,~~:~:: 
The following explanation may make clearer the enclosures they cool slowly, and hence are geneI'· whether derived from the breaking up or disinte· 
manner in which contollrs delineate elevation, and on the seale 250~QOO' to al)()ut 16 sqnare miles. aUy of cryst.alline texture. \Vhen the channels gmtion of the underlying rockl1 by atmospheric 
tOI'm, and grade: At the bottom of each atlas sheet the scale is reach the surface the lavas oft.en flow out and build a.geneieR 1,11' fWIll glaeial action. Surfleial rocks 

1. A contour indicates approximately a cert.ain expressed in three different ways, one being a up volcanoes. These lavas cool rapidly in the ail', that are due to disintegl'lltion are produced chiefly 
height al)oYe sea·le,·el. III this illustration the graduated line l'epresentiJlg miles and parts of acquiring a glassy or, more of tell, a partially by the action of air, water, frost, alJilllals, imd 
contour intenal is 50 feet; therefore the con· miles in English -inches, illlother indicating dis· talline condition, They are usually more or plants. They consist mainly of the least soluble 
tOllrs are drawn at 50, 100, 150, 200 feet, amI so on, tance in the metric system, and a third gi\'ing the porous. The igneous rocks thus formed upon the I parts of the rocks, which remain ltfter the more 
above sea·level. Along the contour at 250 feet lie fraetional scale. snrface are called extl'u8h..'e. Explosiye action soluble parts have been leached out, and hence 
all poi ntH of the surface 250 feet above sea; and Atla-8 8lieet8 a.nd The map is often aecollpanies volcanic eruptionel, causing are known a..'l residual productf'!. Roils tlJl(] sub. 
Rimihu'ly with any other contour. In the space being published in of convenient size, ejections of dust or ash and larger fragments. soils are tIle most important. Residual accumu· 
between aJ'e found all elevations \vhich are bounded by parallels and meridians. These materials when consolidated constitute lations are often washed or lJlown into valleys or 
al)()v(l the and oe1ow the lligher eontour. The corresponding four·cornered portions of ter· breccias, agglomerates, and tuffs. The ash when other' depressions, where they lodge and form 
Thus thc contour at 150 feet falls iUHt below the' ritol'Y are called quadmuyle8. Eaeh Hheet on cal'I'ied into lakes or seas may become Rt.mtifled, deposits that grade into the sediment.ary class. 

of the terrace, \vhile that at 200 feet lies the scale of ~50:0lJ() contains one square degree, i. e., a so RR to have the structure of sedimenta.ry rocks. Surficial rocks that are due to glacia.l action are 
the terrace; t.hereJore all points on the degree of latitude by a degree of longitude; each The age of an igneous rock is often difficult or formed of the products of disintegratioll) toget.her 

terrace are shown to l)e more than 150 but less sheet on the scale of 1~00t) contains one.quarter of impossible to determine. 'Vhen it cuts across a with bowlders and fragments of rock rubbed from 
than 200 feet ahoYb ~ea. The ·summit of the a square degree; each sheet on the scale of (1Z.~..oo sedimentary rock, it is younger than tllat rock, the surface and ground together. These are 
higher hill ii'\ stttted to be (71) feet ahove sea; containR one·sixteellth of a Rquare deb/Tee. The and ,,,hen a sedimentar), rock is deposited over spread irregularly over the territory ()c(~upied hy 
accordingly the eontour at 650 feet surrounds it. areas of tLe e01'l'espomling quadrangles are about it, the igneous rock is the older'. the ice, and form a mixture of clay, peLbles, and 
[n tLis illustration nearly all the contours are 4000, 1000, and 250 square miles, respectively. Under the influence of dynamic and chemical bowlders which is known as till It may occur 
numhered. Where this is not possible, certain The atlas sheets, being only parts of one ma.p of forces an igneous rock may be met.anlOrpllOsed. as a sheet 01' he bunched into h1lls aud ridges, 
eontourll-say every fifth one-are accentuated the United StateR, are laid out without regard to TLe alteration may involve only a rearrangement forming moraines, drumlins, and other special 
and numbered; the heights of others may then the boundary lines of the States, counties, or town· of its minute particles or it may he accompanied forms. Much of this mixed material was washed 
be ascertained by counting up or down from a ships. To each sheet, and to the quadrangle it by a change in chemical and mineralogic composi. away from the ice, assorted by water, and l'ede­
numbered COJltour. represents, is given the name of some well·known tion. :FUl-ther, the structure of the rock may be posited as beds or trains of sand and clay, thus 



forming another gradation into sedimentary 
deposits. Some of this glacial wash ,vas deposited 
in tunnels and channels in the ice, and forms char­
acteristic ridges aIld mounds of sand and grayel, 
known as osars, or eskers, all(l kames. The 
lflaterial deposited by the ice is called glacial 
dl'ift; that washed f!"Om the ice onto the adjncent 
laud is called modified drift. It is usual also to 
class as surficial rocks the deposits of tlle sea and 
of lakes and riYers that were made fl,t the same 
time as the ice depoi:lit. 

AGES OF ROCKS. 

Hocks are further distinguished according to 
their relative ageH, for t1ley were not formed all 
at one time, hut from age to age in the earth's 
history. Classification by age is independent of 
origin; igneolls, sedilllentary, and surficial rocks 
may be of the same age. 

the Pleistocene and the Archean, are distin. In cliffs, canyons, shafts, and other natural alld 
guished from one another by different patterns, artificial cuttings, the relations of different beds 
made of parallel straight lines. Two tints of the to one anotller may be seen. Any cutting wh1c-h 
verind-color are used: a pale tint (the underprint) exhibits those- relations is called II section, and the 
is printed evenly over the ·whole surface represent- same name is applied to a diagram representillg 
ing the period; a dark tint (the overprint) hrings the relations. The arrangement of rocks in the 
out the different patterns representing formations. ' earth is the earth's structure, alld a section exhiLit­

''".00- I''"W~;~;;;;:--
Pleistocene .. ~~~-.. -.-. -.... ~ P ,: Any colors. 

Neoeene {~Vg:~:} . . . . . . . . .. N Buffs. 
Eocene (includi.ng Oligocene) ...... 1 E I Olive-browns. 
Cret.aceous. .! K Olive-greens 

ing this arrangement is calleu a 8tf'lfctlll'e 8ection. 

J Ul'atrias {~~i~~:lg} . Blue-greens. 
Carboniferous (including PCI1uian) .. ! C Blues. 
Devonian D Bltte-purples. 
8ilurian (ineiuding Ordovician) .. "1 S I' Hed-purples. 
Cambrian. . . .. £ Pinks. 
Algonkian. Orange·browns 
Archean . A'l Any colors 

\Vhell the predominant material of a roek mass Each formation is fllt'thermore given a letter­
is essentially the same, and it is bounded uy rocks symhol of the pedod. In the case of a sedimen. 
of different matel'inls, it is ('onvellient to eall the tary formation of uncertain age the pattern is 

The geologist is not limited, hO\Ne\Ter, to the 
natural and arti-ficinl cuttings for his information 
concerning the earth's structure. Knowing the 
manuel' of the formation of rocks, nnil having 
tmced out the relations among beds on the sur­
face, he can infer their relative positions after 
they pass heneath the sllrface, drlllv sections 
which represent the st1'lwture of the earth to [L 

considerahle depth, and construct a diagrmH 
exhibiting what would be seen in tIle side of a 
cutting many miles long and several thousand feet 
deep. This is illustratetl in the following figure: 

lllaRR throughout. it!ol ~'xtellt a and such printed on whitegronnd in the eolorof tIle period 
a fOf'llul-tioll is tlJe llllit of mapping. to whieh the forlllation is sll}lpose(l to belong, 

Se\"eral formatiolls cOlll:lidered together al'e the letter-symbol of the pel'io(l being omitted. I' b--~~===-~oc?:irs-:::s:;.-;;=2~ 
designatcd a The time taken for the The number and extent of surfieial formations 

Tn fig. 2 there are three sets of formations, dis­
tinguished by their underground relations. TIle 
first of these, seen at the left of the section, is the 
set of i'landstones and shales, which lie in a hori· 
zontal position. These sedimentary struta are 
now high above the sea, forming a plateau, and 
their change of eleyation Rhows that a portion of 
the earth's mftSS has swelled upwm'd from a 
lower to a higher level. The strata of tIlis set are 
parallel, a relation which is called coliforlfWUlr. 

The second set of formations consists of strata 
which form arches and troughs. These strata 
were once continuous, but the crests of the arches 
ha\Te been removed by degradation. The beds, 
like those of the first set, nre confol'mable. 

The horizontal strata of the plateau rest upon 
the upturneil, eroded edges of the beds of the 
second set at the left of the section. The OHI'-

lying deposits are, from their positions, evidelltl): 
younger than the underlying formatiOlI~, and the 
bending and degradation of t.he older stmta must 
ha\Te occurred between the depositiull of the oluer 
beds and the accumulation of the younger. ,Vhen 
younger strata thus rest upon lUI er-oued ~urfa,ee 
of ohler strata t.he relat.ion hetween t.he two is an 
uHcon/ol'nwble one, and their surface of contact is 

deposition of :\ is c-al1ed an epoch., and of the Pleistocene render them so important that, I 

the time taken for that of a system, or some to distinguish them from those of other periods of formation~ cOlll:lists of c-l'Ystal. 
larger fmetion of a I:l)'stem, a prriod. The rocks and from the igneous rocks, patterns of dots and line Rchists and igneous rocks. At some pVt:'l'iod 
are mapped by forll1ations, and the formations are circles, p-r:Jn.ted in any colors, are used: I Fig. 2.-Sketch showing a yertica! ~ection in the front of the of their history tIle schists were plieate(l 1»), vres­
classified into systems. The rocks composing a The ol'lgm of the Archean rocks. is r:ot fully picture, with a landscape bcyond. sure and traversed hy eruptions of moltell rock. 

and the tillle taken foJ' its deposition are se;tled. l\fa~IY of dIem are certalll~Y 19neou~.· The figure represent.s a landsclq)e which is cut But this pressure and intl'!l!'lion of igneow, rocks 
the same name, a~, for instanee, Cambrian ,\" hether s~(hmentary r~eks are aTlso IIle~IHled ]S I off sharply in t,he foregrollnd by a vertical plaIle I have not affected the overlying strata of the second 

system, Cambrian period. not det.erlllmed. The Alchea~ ~()cks, and all meta- that cuts a section so as to show the umlerground set. Thus it is evident that an intervnl of COIl Rid-
As sedimentalT deposits or strata accumulate morphlC rocks of unknown onglll, of whateyer age, I relations of the rocks. erable dumtion elapsed between the furmatioll 

the younger rest OIl those dud are older, and the are represented on the maps by patteI'm'! consisting The kinds of rock are indicated in the sect-ion of the schists and the bebrinning of deposition of 
relative ages of the deposits may be diRcovered of short dashes irregularly placed. T1Jese are by appropriate Rymhols of Jine!'l, dots, awl daslles. the strata of the second set. During this interval 
by observing their relative positions. This rela- printed in any color, and may he darker or lighter These symbols admit of mueh variation, but the the sc1liilts suffered metamorphism; they were tIle 
tionship holds except in regiolls of intense dis- than the background. If the rock is a schist the following are generally used jJl sections to repre- scene of erupti\ce activity; and they ·were deeply 
tUl'bance; sometimes ill sueh regions the diRtnrb· dashes or hachures nllly be arranged in \vavy pal'- sent the commoner kinds of rock' eroded. The contact between the ~e('ond and 
Iwce of the be(ls has heen so great that their al1ellines. If tlle rock is knO\vn to he of sedi- third sets, marking a time iIlterval betweell t,\"O 
position is reversed, and it is often difficult to mentaryorigin the hachure patterns may he com-II SHALES periods of rock formation, is another uncon-
determine the relative ages of the beds from their bined with the parallel-line patterns of sedi- formity. 
positions j then f08~ilr;, or the remains of plaIlts mentary formations. 1£ the metamorphic rock is The section and landscape in fig. 2 are ideal, 
and animals, are guides to show 'which of t\VO recognized as having been originally igneous, the' but they illustrate relations ,vhich actually oceur. 
or more formations is the oldest. hachureR may be comhined with the igneous The sections in the structure-sectioll Rbeet are 

Htrata often contain the reltlains of plauts and pattern. related to the maps as the section in the figure is 
animals which lived in the sea or ·were waRhed Known igneous formatioTls are represented by related to the landscape, The pt'ofiles of the sur-
from the land illto lakes or seas or .vel'e buried in patterns of triangles or rhombs printed in any face in the section con-espond to the actual slopes 
surficial depoRits on the Jan(1. Roeks that con- brilliant color. If the formation is of known age of the ground along the section line, and the 
tain the remains of life are called fossiliferous. the letter-symbol of the formation is preeeded by depth of any mineral.producing or wnter-beal'ing 
By studying these remains, or fossils, it has been the capital letter.symbol of the propel' period. stratum which appears in the section may be 
found that the species of each period of the earth's If the agfl of the formation is unknowll the letter- measured from the surface by using the scale of 
lliHtory have to a great t'xtent differed from those symbol consists of small letters ,yhieh suggest the the map. 
oi othel' periodR. Only the simpler kinds of name of the rocks. Colum.nal'-s6ction Hheet.-This sheet contaius a 
marine life existed when the oldest fossiliferous THE VARIOUS GBOLomC SHEETS. concise description of the rock formations which 
)'oeks wel'e deposited, Frolll time to time more JIistorical (fwlogy 8heet.-Tbis sheet shows the' loceur in the quadrangle. The diagrams and 

complex kinds developed, and as the simpler ones areaR occupied by the vario11s formations. On the Fig, S.-Symbols used to represent difTerellt kinds of rock. verbal statements form a summary of the facts 
lived on in modified forllls life became more margin is a legend, which is the key to the map., relating to the character of the rocks, to the thick-
varied. But during each period there liveu peeul- To ascertain the meaning of any particular colored The plateau in fig. 2 presents tmvard the lower nesses of the formations, and to the order of 
lar forms, "lhich did not exist in earlier times pattern and its letter-symbol on the map the I land an escarpment, or frout, which is made up accumulation of successive deposits. 
and have ,not existed since; these are character- reader should look for tllat color, pattern, and 1 of sandstones, forming the cliffs, and shales, con- The rocks are described under the correspond. 
iRtic types, and they definfl the age of uny bed of symbol in the legend, where he will -find the name stituting tl!e slope-s, lLS shown at the extreme le-ft ing heading, aud their characters are indicated in 
rock in which they are found. Other types and desel'iption of the formation. If it is desired of the sectIOn. the columnar diagTams by appropriate symbols. 
passed on from period to period, and thus linked to find any given fonnation, its name should l>e The broad belt of lower land is travel'sed by The thicknesses of formations are giH.n under 
the systems together, forming a chain of life from I; sought in the legend and its color and pattern several ridges, which are seen in the secticlll to the heading "Thi{'kness in feet," in -figLll'CS whit·h 
the time of the oldest fossiliferou~ rocks to the noted, when tlle areas on the map corresponding correspond to beds of sandstone that rise to the stllte tIle least and greatest memmrements. The 
present. ' in color and pattern may be traced out. surface. The upturned edges of these beds form. ayerage thickness of each formatiun is ShOWll in 

,Vhen two formationR are remote one from the The legend is also a partial statement of the the ridges, and t.he intermediate yalleys follow' the column, which is drawn to a scale-usually 
other and it is impossible to observe their rebtive geologic history. In it the sytnl)()ls and names are the outcrops of limestone and ('alcal'eous shales. 1000 .feet to 1 inch. The order of accumulation 
positions, the characteristi(~ fossil types fOllnd in arranged, in columnar form, according to the origin ,Vhel'e the edges of the stmta appenr at the of the sediments is shown in the columnar arrange­
them may determine whieh ,vas (le-poo;ited first. of the forlllations--surficial, sedimentary, and surface their thickness can be measured llml the ment: the oldest formation is placed at the 

Fossil remains found in the roeks of different igneous-and within each group they are placed angles at which they dip below the surface can he bottom of the column, the youngest :it the top, 
areas, provinces, and continents, afrOI'd the most in the order of age, so fa]' as known, the youngest obsenced. Thus thei1' positions underground can and igneous rocks or other forma.tioIls, when 
important melLns for comhining 10ca1 histories at the top. be infened. pl'esent., are indicated ill their proper relations. 
into a general earth history. Economic geology 8lieet.~This sheet repl'eSel1ts ,Vhen strata which are thus inclined are traced The f0l1nations are eomLined into systems 

Colol'I:l ((11,11 pattel'lls.-To show the l'elati\Te ages the dist.ribution of useful minerals, the oecurrence underground in mining, or by inference, it is fre- : which correspond with the periods of g~ol()gic 
of strata, the history of the sedimentary rocks is of al'tesian water, or other facts of economic quentlyobserved thattheyfol'lll troughs or arches, : history. Thus the ages of the rocks are shown, 
diYided into periods. The na.mes of the periods lnterest, sho·wing their relations to the features of such as the section shows. But these sandstones, and also the total thickness of each SystE'lll. 
in proper order (from ne,v to old), ,vlth the color topography and to the geologic formatioIls. All shales, and limestones \vere deposited ueneath the The intervals of time ,yhich cOl'l'e~pond to 
01' colors and symbol assigned to each, are given the formations which appear OIl the historical sea in nearly flat sheets. That they are now bent events of uplift and degradation nml constitute 
in the table in the next column. The names of geology sheet are shown on this sheet by fainter and folded is regru.-ded as proof that forces exist iuten-uptions of deposition of sediments mlly be 
certain subdivio;ions of the periods, frequently color-pattel'ns. The areal geology, thus printed, which have from time to time caused the earth's indicated graphically or hy the word "unconform-
used in geologic writings, are bracketed against affords a subdued background upon whidl the surface to wrinkle along eertain zones. ity," printed in the columnar section. 
the appropriate period name. areas of productive formations may be emphasized On the right of the sketch the section is com· Each formation shown in the columnar seetion 

'1'0 distinguish the sedimentary formations of by strong colors. A symbol for mines is intro- posed of schists which 3J'e traversed by masses of is accompanied by its namE', a descriptioTI of its 
anyone period from those of another the patterns duced at each occurrence, accompanied hy the igneous rock. The sehists are much eoutorted character, and its letter.symhol as useu ill the 
for the formations of each period are printeli in name of the principal mineral mined 01' of the and their arrangement underground can not he maps and their legends. 
the appropriate period-color, ,,,,ith the exception stone quarried. inferred. lIence that portion of the section i CHARLES D. \V ALCOTT, 
of the first (Pleistocene) and the last (Archean). Str1wtWI'8'S8c#on slwet.-This sheet exhibits the delineates what is probably true but is llOt! lJiredm'. 
The formations of anyone period, excepting relations of the formations beneath the surface. known by observation or well·founded inference. I Revised June, 1897. 



DESCRIPTION OF THE TINTIC SPECIA:Y DISTRICT,. 

GEOGRAPHY. 

Situation and extellt.-The Tintic special dis· 
trict is bounded by the parallels of north latitude 
39° 45' and 40° and the meridians 111° 55' and 
112° 10'. It is somewhat over 17 miles in length 
north and south by about 13 miles east and west, 
having an area of 229.22 square miles. It inclndes 
portions of Juab and Utah counties, Utah. 

Topography.-The Tintic district iucludes the 
central portion of the Tintic Mountains,· with 
parts of the adjacent valleys. These mountains 
form in this latitude the easternmost 
of the narrow mountain ranges which Buln ranges. 

rise abruptly from the level vaUeys of the Great 
Basin, and they have the north·south trend char· 
acteristic of this type of mountains. In total 
length this range does not exceed 40 'miles, but it 
may be considered as continuing to the north in 
the Oquirrh Mountains, and to the south in the 
Canyon Range, from which it is separated only by 
nalTow passes. These three ranges have a com­
mon trend, and are from 5 to 10 miles wide. 

In the northern portion of the district the 
Tintic Mountains form a well-defined, narrow, and 
si~ple mountain ridge, bordered by R:ellef. 

WIde valleys to the east and west. In 
the southern portion of the district important 
transverse spurs extend eastward beyond its 
boundaries and almost connect this range with 
the Wa.satch. At the northern end of the range 
similar low spurs extend to the west. Within 
the limits of the district the crest of these 
mountains attains an altitude of over 8000 feet, 
Tintic Mountain being 8214 feet. In the north· 
ern portion the more important peaks are Packard 
and Eureka peaks, Godiva Mountain, Mammoth 
and Sioux peaks, and Trea.sure Hill 'nntic Val· 
ley, bordering the range on the west, has an ele· 
vation of 5600 feet, and Goshen Valley, on the 
east, is 4500 feet above sea level. The relief is 
marked, and the abruptness of the change from 
the steep mountain slopes to the almost level val· 
ley floors is a striking feature. The Tintic Moun· 
tains, in fact, represent only the upper parts of a 
mountain mass, the lower slopes and foothills of 
which are concealed beneath the valley deposits. 

Especially characteristic of this portion of the 
range are the canyons or "gulches" which extend 
westward into Tintic Valley. These Lateral val_ 

have been cut well back toward the Ie)' •• 

crest of the Tintic Mountains. The most import­
ant are Eureka Gulch, Mammoth Basin, Dragon 
Canyon, Ruby Hollow, and Diamond Gulch. The 
principal passes are at the head of Eureka Gulch 
and of Ruby Hollow. The former has been taken 
by the line of the Rio Grande Western, and is 
also an important wagon route from the ranches 
of Goshen Valley to the mining towns of this dis­
trict. Silver Pas .. at the head of Ruby Hollow, 
is used only for the latter purpose. 

IJ~'ainage and'lvatel' 8upplg.-The area of the 
Tintic district is tributary to three drainage 
basins: Tintic Valley, which is tribu· 
tary in turn to Sevier Basin; Goshen StreBDUI. 

Valley, which drains northward by the Jordan 
River into Salt Lake; and Cedar Valley, an inde· 
pendent inclosed basin. Only one perennial 
stream-Currant Creek-exists within this area, 
and it is not indigenous to the Tintic Mountains, 
but represents drainage from the slopes of Mount 
N ebo, in the Wasatch Range. Currant Creek 
cuts through the transverse spurs of the Tintic 
Mountains in a bold canyon at the head of Goshen 
Valley and flows northward into Utah Lake, fur· 
nishing water for the ilTigation of Goshen Valley. 
The channels of the occasional or seasonal streams 
sculpture the slopes of these mountains with deep 
arroyos. 

Springs occur at a few points, being more 
important on the eastern slope of the range. In 
general any overJiow from these springs 
is soon absorbed by the alluvium of Sprlnp. 

the dry channels. At the head of Homansville 
Canyon extensive sinking and drifting in the 
alluvium and bed rock has developed a flow of 
water sufficient to supply several of the mines 
and mills. Throughout the summer and· faU 

there is a steady decrease in the How of these 
wells, showing the dependence of the supply 
upon the melting snow and the spring rains. 'The 
larger part of the water for the district is piped 
from Cherry Creek, a stream in the mountains 
west of Tintic Valley, 18 miles distant. 

Vegetation.-The Tintic Mountains bear the 
scanty vegetation of an arid region. On exposed 
rocky points grow different species of the cactus. 
The more common trees of the higher slopes are 
the pinyon (Pinus monop"ylla) and the monn· 
tain mahogany (Ce1'oocarpus ledi/Oli1UJ). Lower, 
maple thickets occur in tbe dry ravines, especially 
on the eastern slope, while aspens are found in 
sheltered spots, more commonly those of the 
northern exposure. All the trees show by their 
stunted, gnarled, and twisted trunks the severity 
of their struggle for existence. In the valleys the 
sagebrush (A,·temUria) and the rabbit brush 
(Bigelovia) constitute almost the sole vegetation. 
Scattered tufts of grasses occur, but these are 
apparently dead during the summer months. 

01l1t1f1·e.-The population of the Tintic special 
district is confined almost wholly to the western 
slope of the mountains. The majority of the 
mines are situated in the area around Eureka 
Peak, Godiva Mountain, and Mammoth Peak. 
Eureka, Mammoth, Robinson, and Silver City are 
the towns within the Ilmits of this min. 
ing district, which is one of the oldest Town ... 

in the State. All these towns are situated on 
the western slope. Homansville was important 
in the early days, and here the first mill and the 
first smelter w~re erected, wpile old Tintic, sitn· 
ated in the middle of Tintic Valley, was also 
important as the site of a smelter erected in 1884. 
The population of the mining district is estimated 
at 6500. Two railroad lines connect the Tintic 
mining. district with Salt Lake City, which is 
about 75 miles distant. The Oregon Short Line, 
crossing the low divide between Rush and Tintic 
valleys, approaches Eureka and the other towns 
from the northwest, while the Rio Grande West· 
ern crosses Goshen Valley and follows up the 
valley of Pinyon Lreek to the pass jnst east of 
Eureka. 

Outside of the mining district this area supports 
few inhabitants. At the head of Goshen VaUey 
a few small ranches are carried on 
under irrigation, but the more import- Agrlcultpre. 

ant part of this valley, including the town of 
Goshen, is just east of the boundary of the special 
district. In the past these mountains afforded 
range for cattle, horses, and sheep, but now the 
herbage is so scanty that the grazing is limited to 
a few herds of horses. 

GEOLOGY. 

The Tintic Range is a composite mountain 
range, being built up of diverse kinds of rock. 
Like the Basin Ranges to the west, and Generailea­

Wasatch to the east, this mountain tPrell. 

mass consists primarily of Paleozoic strata. The 
nucleus <.>f sedimentary rocks has been in part 
b~ried by volcanic outflows and contains intru. 
sions of igneous rocks, and all are in part 
concealed by surface accumulations of detrital 
material. Thus, the rocks occurring within the 
Ti,ntic district are naturally grouped under three 
general classes-the surficial deposits, the sedi· 
mentary series, and the rocks of igneous origin. 
Both the sedimentary and the igneous rocks are 
of economic importance as the country rocks of 
valuable ore deposits. In the legend on the geo· 
logic maps, these are arranged in the above order, 
with the youngest above. Here, the sedimentary 
series will be discussed first, beginning with the 
oldest formation, followed by the next younger in 
turn. The igneous rocks will be described next, 
and finally the surficial deposits. 

SEDIIIEJITARY ROCKS. 

The series of sedimentary rocks exposed within 
the Tintic district consists mainly of quartzites 
and limestones of Paleozoic age, having a total 
thickness of nearly 14,000 feet. The series has 
been divided, mainly on lithologic grounds, 

into four formations: the Tintic quartzite, the 
MammQth limestone, the Godiva limestone, and 
the Humbug formation. A complete section (see 
Section BB on the Structure Section sheet) is 
exposed in the region between the towns of 
Eureka and Mammoth. The lowest formation, 
the Tintic quartzite, forms Qua.rtzi.te, Ridge "at 
the western base of the range, and is followed 
by the Mammoth limestone, which extends east­
ward beyond Eureka Peak. Above this comes 
the Godiva limestone of Godiva Mountain, wbile 
on the eastern slope of this mountain occurs the 
Humbug formation. The same series is less com­
pletely exposed at various points in the southern 
portion of the district. <,' 

OAMBRIAN;~ERIOD. 
Tintic quartzite.-This formation consists of 

clay slates and quartzites. Within the limits 
of the Tintic district no determinable fossils 
were found, either in the quartzite or in the 
slate~. The correlation with the Cam-
brian of the Oquirrh Range, where a Correlation. 

similar great thickness of quartzite with clay 
slates at ,the top has been found to contain Cam· 
brian fossils, is supported by the general geologic 
relations as well as by lithologic similarity. 

The exposed thickness of this formation is 
about 7000 feet, but the base is not found. The 
quartzite is white in color, weathering 
to brownish red on exposed surfaces. :'b~~~Z_ 
It is a very pure, compact, and fine. slatefi. 

grained quartzite with occasional beds of fine 
quartz pebbles. The lowest beds contain some 
feldspar and muscovite, while zircon and rutile 
grains occur sparingly among the well-rounded 
quartz grains. Several beds of green, yellow, 
and red clay slates occur near the top of the 
quartzite. One or two beds of these slates are 
found below the highest bed of quartzite, while 
there are others in the limestone near its base. 
These strata ~ppear to be conformable, but the 
beds vary greatly in thickness at different points 
within the area. In mapping, the base of the 
lowest bed of limestone has been ta.ken as the 
contact, so that some of the slates are included 
within the Mammoth limestone. 

OARBONIFEROUS PERIOD. 

Measures. The fossil~ definitely recognized. were 
two species of S!I~'ingopora, P~·{)(/;uctu8 pwnetatu8, 
and zaphrentoid corals. 

Humbng for-nuuion.-This formation overlies 
the Godiva conformably and corresponds p81eon­
tologically with it. It is separated, however, 
upon lithologic grounds. It takes its name from 
the mine where it is best exposed. The forma­
tio~ consists of a number of beds of Altematln 

fossiliferous limestones, alternating :.~t::.ef 
with arenaceous limestones and calea- atonn. 

reous sandstones, with a' total thickness of 250 
feet. Dllferent sections of this formation, how· 
ever, show a marked dllference in the order and 
thickness of these intercalated beds, few beds 
continuing for any distance along the strike. 
The formation is doubtless only partially repre­
sented within this district. 

lUsum8.-The Paleozoic section in the Tintic 
Mountains includes 7000 feet. of Cambrian quartz. 
ite capped with clay slates and 6650 feet of lime. 
stones with a few sandy beds, of which the upper 
6150 feet are determined from the fossil remains 
to belong to the Carboniferous. This sequence 
in the Paleozoic strata is similar to that which 
has been studied in the Oquirrh Mountains, which 
form the contip.uation of this range to the north. 
In the Oquirrh Mountains, however, the upper 
portion of the. series is much more fully repre­
sented, indicating an erosion of many thousand 
feet of strata in the Tintic Mountains. 

STRUCTURE. 

The main structure of the sedimentary portion 
of the Tintic Mountains is synclinal. The section 
described above is that of the western limb of the 
major syncline, which pitches to the north. The 
axis has a general north.south trend and is situ· 
ated on the eastern slope of Godiva Mountain 
and Sioux Peak. This western limb is character· 
ized by steep dips, with bed~ often vertical or 
even oyerturned for a considerable distance. On 
the opposite side of the synclinal axis the dips 
are much less, rarely exceeding 35°. 

A similar unsymmetrical syncline with two 
great anticlines make up the OquilTh Mountain 
to the north, while in the section of 
the Canyon Mountains exposed along Fol .... 

Sevier River the Paleozoic strata are seen to be 
Mmnmoth limestone.-The determination of the folded into an anticline and a syncline. Geolog. 

age of Mammoth limestone rests upon the identi· ica11y, as well as topographically, the relation of 
fication of a single fossil-P~-oduotus these three ranges is close; they constitute one 
oostatus-occurring about 1500 feet ~1~i'."::!.4 general line of uplift, and exhibit structures 
above the base of the formation. Upon DeVOJIIan. involving a considerable amount of horizontal 
this determination the formation is assumed to be compression of the Paleozoic strata. 
probably lower Carboniferous. Thus the Silu· The structure of the Tintic Mountains, then1 is 
rian and Devonian may be unrepresented. A' synclinal. M~nor' folds occur in different parts of 
similar hiatus in the geologic succession has been the major fol~s, and some of these minor plica· 
found in the Oquirrh Range to the north. In tions are readily distinguished, even when viewed 
neither case has it been determined whether the from a distance. In the southeastern part of the 
possible absence of Devonian and Siluriau strata Tintic district an anticlinal axis to the east of 
is the consequence of non-deposition or of uncon· the major synclinal axis is indicated in the quartz· 
formity by erosion. ite and limestone exposed there. Beyond the 

The Mammoth limestone is named for one of edge of the district another anticline is exposed 
the oldest and most productive mines of the dis- in the canyon of Currant Creek j and thence almost 
trict, the workings of which are in this to the base of Mount Nebo, of the Wasatch Range, 
limestone. The formation includes ~~OHi:~~ eastward dips are seen in the limestone. On the 
beds of dolomitic, cherty, and shaly UDiestone. western side of Tintic Valley the Tintic quartzite 
limestone, which aggregate 4000' feet in thick- is found dipping to the west, thus showing the 
ness. At the base the dolomitic limestone is valley to coincfde in position with an anticlinal 
dense, and blue, black, or gray in color. Above, axis. In this '(:vay the folded Paleozoic rocks are 
occasional beds of pure blue limestone and inter· traced. beyond the topographic limits of the Tintic 
bedded chert lenses occur, while at the top there Mountains, both longitudinally into the Oquirrh 
is a great thickness of shaly, dolomitic limestone and Canyon ranges and transversely to the 
which weathers reddish. Wasatch on the east and to the West Tintic or 

Godiva lime8tone.-This formation, which over· Guyot Mountain~ on the west. 
lies the Mammoth, is about 2200 feet thick. It Faulting in thIS region is of minor importance 
takes its name from the mountain on Apllrelhne_ as compared with the folding. Anumberofsm&ll 
the slopes of which it is best exposed. .. tone. faults can be observed at different . 
As distinguished from the Mammoth, which is localities, with displacements I'arely Faliltfi. 

dolomitic, it is essentially a pure limestone, gray exceeding a few feet. Other faults shown on the 
or blue in color. In its lower portion a few geologic maps have displacements of from 50 to 
sandy beds occur; in the upper, the beds are 400 feet. An important fault cuts the limestone 
often carbonaceous, containing many fossils, series between the head of Mammoth Gulch and 
chiefly corals and crinoids, with occa· AgeofOodlva the Northern Spy mine, with a displacement of 
sional beds rich in chert nodnles and IIl11estone. about 1000 feet. The strike of this fault is nearly 
lenses. The fossils taken from these beds show east-west, and it is also characteristic of the other 
that the Godiva limestone belongs to the Coal faults that they are transverse to the axis o~ the 
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range. In this feature, as well as in the amount 
of compression indicated by the folds, the Tintic 
Mountains differ from what has been called the 
typical Basin Range, or faulted monocline. 

is laBS rich In these feldspar phenocrysts. Trldymite, horn· 
blende, apatite, aud zircon are OOOMional constituents, while 
I!la.gnetite ill an almost universal aooessory constituent. The 
microllCOpic constituents of this rhyolite show the range from 
holocrystaJ.liue grOundm8Ss to the typical gllUlsy base with 
obsidian. characters. Chemically this rhyolite approaches a 
tra.ehyte. The abundance of free silica. crystallizing 88 quarlz, 
however, justifies the determination of the rock as rhyolite. 

one.half of the area comprised within the limits 
of this district, or more than ] 00 square miles, 
is covered by this andesi.te and its 
associated. tuffs and breccias. The crest =!r~ 
and both slopes of this portion of the -. 
range are of andesite, except a few smaU areas of 
quartzite, limestone, or rhyolite. Tintic Mo~. 

'. In the Tintic quartzite a considerable amount 
of sheeting is to be observed, which commonly 
forms a. small angle with the strike and dip, where 
the)atter can be determined. These shear planes 
are the result of dynamic action incident upon 
the folding of the strata, and are seen also in the 
overlying slates and limestones. In many places 
the cleavage of the clay slates is very well marked 
and its angle with the beds can be easily deter. 
mined. Along the fractures whieh are developed 
in the limestone there may have been 

The contact between the rhyolite and the lime· ta.in, 8214 fee~ high, the highest peak of the range, 
stone on the eastern slope of the Tintic Mountains is composed of iows of this andesite. It is thus 
is very irregular, the areas of the two preeminently the igneous rock that is most char· 
rocks interlocking in a complex man- ~=:tnd acteristic of the Tintio Mountains. 
nero This contact is often concealed II_loJul. This andesite exhibits considerable variation in 
by accumulations of surface detritus, but south of its general appearance. In one locality it may be 
Packard Peak, on the northern end of Godiva a loose-textured, gray rook; in another 
Mountain, the Tetro tunnel cuts the contact, it is of a dark.purple color. compact ~=:aof 
affording an opportunity for careful examination. and glassy; and again it may'be bright ~Uldeflte. 
Here there is a considerable thickness of angular green or deep red in color, with prominent .pheno. 
blocks of limestone, co~stituting a heavy talus crysts. Commonly it is not, bright colored, but 
deposit. This has been c~vered an~ somewhat dark gray, with a somewhat purple tinge. . Usu· 
cemented by the rhyolite. Similar contact bree- ally rather compact, it often exhibits many of 

more or less displacement, as well as Prac:tUl'ft. 

adjustment along the bedding planes, but faulting 
of this- nature is extremely difficult to detect. 

IGlIEOlrS 1Ulcxs. 

Igneous rocks of several distinct types occur cias can be observed in other mine workings, 88 the vesicular and scoriaceous phases characteristic 
within the limits of the area. here described. well as at a few points on the sUrface. These ·of lavas. Almost without exception the Tintic 
They are both intrusive and eifusive, and inClude make it evident that when the rhyolitic lavas were andesite is a porphyritic rock 'showing CJ;,ystals of 
rhyolites, andesites, monzonites, and basalt. Taken erupted the old talus·covered slopes of the lime- both feldspar and the darker constituents.· 
together, these igneous rocks cover by stone mountain were essentially the same as they 
far the larger part of the area included =!.of are to-day. 
within the Tintic district. In addition rocb. In the central portion of the area of Packard 
to their areal importance, some of the igneous rhyolite there is an absence of interbedded struc­
rocks are of economic interest, since they are the ture in the rock. Separate flows can PIollkard Peak 

country rocks of important ore bodies. not, therefore, be distinguished, and =1:~1e 
The Tintic Mountains have been the scene of this, with the great thickness of rhyo- eruption. 

volcanic activity, and the products of that activity lite in this vicinity. suggests that Packard Peak 
have been important factors in the construction was the center of an eruption which was of the 
of the range. The rocks differ considerably in nature of an outwelling of viscous lava rather than 
chemical and mineralogic composition as well as of an explosive ejection of volcanic material. Such 
in appearance, yet they show a general relation- a location of the eruptive. center explains the man· 
ship, and are all directly or indirectly connected ner in which the deep canyon underlying the 
with this volcanic activity. present broad gulch in which the town of Eureka 

The age of the volcanism in the Tintic Moun- is situated was filled by the viscous rhyolite. But 
tains has not been exactly determined. On the few small eruptive masses of rhyolitic rock occur 
basis of general relations it seems A 01 vol- in the vicinity of Packard Pettk. 
plausible to assign a Tertiary age to c!:...... Ferrww rhyolitd.-The Fernow rhyolite occurs 
the igneous rocks. South of the Tintic Moun· in several small areas in the southern part of the 
tains, where the wash of the southern part of the Tintic district. These appear to represent the 
range enters the valley of Sevier River, a red northern extension of a mass of . rhyolite which 
conglomerate is exposed, which is correlated with is rather important in the southern part of the 
the Eocene conglomerate (Wasatch) to the north- Tintic Mountains. Here, as at the north, the con­
east. Examination of the pebbles of this con· tact with the limestone is often difficult to trace, 
glomerate failed to detect the presence of any but the relations appear to be similar. The 
rhyolitic or andesitic materiSJ, although the Femow rhyolite is like the Packard rhyolite in 
quartzite and limestone pebbles from ~e Tintic all essential characters, except that it is rather 
Range are numerous. In the alluvial material, more glsssy. A correlation of the two rhyolites 
contributed to this same locality from the Tintic is here avoided, since it is probable that they were 
Mountains, the detritus from the volcanic rocks erupted from two distinct vents, although doubt­
is rather abundant. On this accou.nt the rhyolite less about the same time and under similar con­
and andesite are believed to have been erupted ditions. 
after the deposition qf this conglomerate, thought f/w(b1UJea .hyoUte.-This rock type is limited to 
to be of ~pcene age. In this way a probable a 'few occurrences. The principal area is a belt 
Neocene age i~ indicated for the igneous rocks of one-fourth mile in width extending from Robinson 
th~ Tin~ic Mountains.Ol the~e rocks, the rhyo. to Silver City. Separated from ~his only by the 
lites are relatively the oldest, and the basalt the alluvjum of the &binson basin is a mass of rhy. 
youngest, the andesite and monzonita belonging olite which forms the greater part of the hill just 
approximately. to the same epoch of eruption. on the southeastern edge of the village of. Robin· 

Three types of rhyolites are distinguished......... son. These two areas doubtless belong to the 
the Packard, the Fernow, and the Swansea. same rock mass. Although area.lly" more limited 

FackoJrd .hyolite.-AreaUy this rhyolite is an than the other rhyolites, the Swansea rhyolite has 
important rock within the limits of the mining an economic inte:rest as the cQuntry rock of the 
district. It extends to the north and east of the well·defined ore vein of the Swansea and South 
town of Eureka, and there fonns the crest of the Swansea mines. Another occurrence of Swansea 
range. Its vertical range is over 2700 feet, from rhyolite is that of Horseshoe Hill, near the mouth 
the summit of Packard· Peak eastward to the of Diamond Gulch. 
edge of Goshen Valley. In ~neralogic and chemical composition the 

The Packard rhyolite shows many variations in Swansea. rhyolite is essentially similar to the 
appearance, both in color and iu texture. In color Packard rhyo~te. It differs, however, DIstlnGtlon 

it ranges from light gray to a bright CoOl ItJon in the texture of the groundmass, which r:.~= 
pink and light purple, although often :r~= makes the type commonly termed a rhyolites. 

on the surface the rock is yellowish or rhyellte, "quartz.porphyry." Its geologic occurrence also 
rusty. The texture of the rhyolite shows three distinguishes it from the other rhyolites of the 
distinct varieties. One type is granite-like, its Tintic Mountains, since its relations are those of 
granular appearance being due to the crowded an intrusive rock. These. facts, as' well- as its 
phenocrysts. Another type is plainly porphyritic, economic importance, sustain local usage in dis. 
,with the crystals of quartz and feldspars less tingnishing it from the effusive rhyolite of the 
a'bundant than the groundm.... A third type Packard· Peak area and of the area to the south. 
shows glassy textures, all being banded, of tell I The Swansea rhyolite is light gray in color, w. ith pheno. 
porous and vesicular. In this type crystals are crysts of flesh-colored teldspar and clear quartz more or less 

rarely seen, and in some occurrences it is an ::=:~;t~U~::i~~f;a':!~::n~~ :::0.::; ~~:~=; 
almost black obsidian. . feldspars being usually eloud.ed and often completely aJ.tered. 

The meglUlcopic phenocrysts are quartz. feldspar, and biO'· 
tite, the latter being often the most prominent. Quartz 
appears almost universa.lly, its angular crystals otten project· 
ing from the weathered surface. In BOme ooou:rrenccs of this 
rhyolite the freeh crystals of sanidine are large and 80 a.bun­
dant 88 to make the rock. mueh lighter oolored. than when it 

An interesting ooll8tituent in one ooonrrence is tOUl"lDaline. 
This occurs in aggregates of acicular crystalB, which in part 
replace the feldspar and in pa.rt ooow" in the groundmass ot 
the rook. .. 

Andesite.-This rock occurs principally in the 
southern part of the Tintic district. Nearly 

The Tlntic andesite shows considerable mineralogic diver· 
sity, e8p{"cially in its ferroma.gneslan constituents. Biotite, 
hornblende, augite, and hypersthene 8.l'tl present, together or 
separately; thus, BCveraJ.minera.logic typesmfght be separated 
within this 8,1'e8. •• The most important porphyl"Y constituent 
is the plagiocla.se, which ill cbiefty labradorite; hiotite and 
hornblende are lel!6 important than the pyroxenes, while of 
the latter the monoclinic is the more important. In a few 
easel!, however, the hypersthene ill sufflciently predominant to 
constitute the rock a hypersthene-a.ndesite. Magnetite and 
apatitt'f are cowmon acOOBIIOries, while quartz and olivine are 
sporadic in their oooorrence, The texturcs are those typical 
for a.D.desitic lavas. 

The chemical analysis of a specimen from Tintic Mountain 
shows this andesite to be ehara.cterized by a higher percentage 
of the alkalies, and a lower of Hme, thau is usual Latlte ...... er 
in typical andesites. The two alkalies are nearly t"'n t.{!"cal 
equal in their molecular proportions. Although aallN . 
this rock, as regards its silica. percentage, resembles the ande· 
sites, it is not seen to have a relationship to the syenite· 
trachyte fa.mily. Such an effusive rock, which stands in 
chemical composition about midway betweeu the typical 
trachyte and the typical andesite, hM been giveu.the name 
"latite." Thechemica.l a.naJ.ysis shows the Tintic Mountain 
rock to be essentla.1ly similar 10 Ransome's type "Iatite," 
which occurs on the western slope of the Sierra. Nevfda. 

On the geologic map the tuff and breccia are 
not separated from the andesite. Throughout the 
andesite area, however, beds of these Tuffand 

pyroclastics are fonnd capping or under- breec:la. 

lying the flows of massive andesite, and their asso· 
ciation is so intimate that very detailed mapping 
would be necessary to represent the two types 
separately. These fragmental volcanic rocks are 
especia.lly prominent on Volcano Ridge, southwest 
of Diamond and Long Ridge, in the southeastern 
part of the quadrangle. Here the tuffs and brec­
cias are hundreds if not thousands of feet in 
thickness. 

These pyroclaBtic roeks vary from the tlnest stratified tuffs 
to very coarse agglowemtlc breccias. In the la.tter, huge 
blocks of lava, weighing tons, are mixed with smaller frag· 
menm of the same material, and are cemented with sand 
matrix of eSilentiaUy the s&me oowpollition. The fine-grained 
tuffs vary in oolor from brown or green to yellowish white. 
In general they are somewhat lighter In color than the a.ccom· 
panying la.va flows. These totfs are composed of gllUls and 
fragments of the crystals most a.bundant in the andesite lava. 

The occurrence of agglomerate on Volcano 
Ridge is of striking interest as indicating the 
vent through which much of the ande· An old vol­

site and accompanying tuffs was _0. 
erupted. Near the western end of Volcano Ridge 
this agglomerate contains blocks of limestone 
brought up from below, while immediately west 
the limestone blocks give plaee to large blocks of 
white, vitreous quartzite. Some of these are 20 
and 30 feet in diameter and are plainly embedded 
in the volcanic material. With this agglpmerate 
are associated irregular sheets and dikes of ande· 
site, the whole presenting rather con~ed rela­
tions. Surrounding this point is an extensive 
area of bedded tuffs which are seen to constitute 
the. remnant of a deeply eroded volcanic. con~. 
These tuffs have dips of '100 to 20° and in their 
strikes express a roughly semi~ircular' ~8nge­
ment .. The agglomerate locality is approximately 
at the center of this area of tufts. The occurrence 
of ~ncluded fraiments of rhy~litic lava i~' this 
andesite agglomerate indicates the relative age of 
the two lavas. 

Mo,""",ite.-The ..... lying south of Robinson 
and Mammoth, and extending past Treasure Hill 
and Diamond to Sunrise Peak, is characterized by 
a TOck locally' termed "granite" or "porphyry." 

This belt. is about 4 mil.. long from north to 
south and 2 mil .. or less in width. It lies wholly 
on the western slope of the range and is deeply 
cut by the alluvium·filled Ruby Hollow and Dia­
mond Gulch. Its western boundary is hidden by 
the alluvium of Tintic Valley, except at the 
northern and southern ends, where its' western 
limit is indicated by the areas of Swansea rhyo­
lite. 

This roek in general appearance closely resem· 
bles some diorites. Its color, which is light to 
dark w.ay, and its evenly granular 
texture, with the evident importance !1'~IEat!= 
of its darker constituents, are points of zODlte, 

such resemblance. Its chemical and mineralogic 
composition, however, show it to be intermediate 
between a syenite and a diorite-i. e., it is a. mono 
zonite. This rock varies greatly in appearance. 
In the northern portion of the area it is perfectly 
granular, with the lighter and darker constituents 
very evenly intermingled, and this granular pbase 
of the monzonite can also be observed. at different 
localities throughout the area. On the southern 
and the eastern edges of the monzonite mass, 
however, the rock is decidedly porphyritic_ In 
this monzonite.porphyry the crystals of feldspar 
become more ~mportant. Both the granular and 
the porphyritic monzonite are compact and hard, 
being everywhere jointed, so that the sharp·edged 
joint blocks are very noticeable in the talus slides. 

The more important oonstituents of the monzonite are 
plagioclase, orthoclaBe, biotite, hornblende, and quartz. 

:s:rylt:~~:t~ =~~' ~:~=: ~f:~:"'::.ts 
oaJeite, epidote, and pyrite. The orthocla.se and lIonlte, 
plagioclase are in approximately equal amounts. The latter 
has a composition varying from that of basic andesine to that 
of basic labradorite; quartz is ullua,!ly an important constitu­
ent. Of the terromagnesian constituents biotite is the II.1OSt 
abundant and augite the least. The green hornblende rarely 
equals the biotite in importance. The chemiea.l allalysis of a 
specimen of this monzonite showed it to be slightly richer in 
sHiea. than in the alkalies, and poorer in lime than the most 
typical monzonite, so tha.t it belongs rather to the sye.nite 
phase 01 this intermediate rock type A eaJ.eulation of the 
mineralogic composition ot the rock from the chemical analy­
sis indiea.tes that the orthoclase probably contairu soda, and 
that this IIOda. orthoclase would constitute over 82 per cent of 
the rock, with about 30 per cent of a basic andesine, 16 per 
cent of quartz; and 12 per cent of hornblende rather poor in 
alumina, with biotite and magnetite constituting the remain· 
der of the rock. Quantitatively, therefore, as well as qualita· 
tively, it is an orthoclase·plagioclase rook. 

On the southern side of Sunrise Peak the mono 
zonite is in contact with the andesitic tuffs, and 
sends out well-defined dikes into these Relatlo .. of 

bedded tuffs. One of these dikes can :::e t:t::­
be traced southeast to a point where it aad"lte, 

evidently connects with· an andesitic lava flow 
overlying the bedded tuffs. On the spur connect· 
ing Sunrise Peak with the main part of the range 
the monzonite-porphyry of the peak shows a per· 
fect gradation into the andesite to the east. Any 
separation of the two rock types at this point 
must be wholly arb~trary. At a lower level, how­
ever, the distinction between the monzonite and 
the tuffs is again sharp. These relations point to 
the monzonite being the intrusive equivf\.lent of the 
later flows of Tintic andesite. It intrudes the 
tuffs of the V orcano Ridge series, and these are 
likewise capped by the horizontal la.va flows, 
which, it is believed, are the effusive equivalent of 
the monzonite. Petrographic and chemical study 
of the monzonite and andesite fully corroborates 
this field evidence. 

Basalt.-Although bssalt is of common occur· 
rence south of the Tintic Mountains as well as in 
other parts of the Great Basin, it is Sheets and 

found in only one locality within the dlke8. 

Tintic district. House Butte is a prominent flat­
topped hill about a mile west of Tintic Moun. 
tain. Here occur three small areas of basalt, the 
relations of which suggest intruded sheets. Imme· 
diately southeast basalt is found in the side of the 
ravine. In all of these occurrences talus accumu·· 
lations somewhat conceal the geologic relations, 
but i.t is reasonably certain that the basalt is 
intrusive in the andesite. This rock is black and 
very compact, lacking the vitreous textu~ of the 
d~k~ of the andesites. It is very fine-graiD.ed, 
and no megascopic crystals can be seen. Iu, micro­
scopic oonstitueirts are olivine and augite in a 
holocrystalJine groundma,s of feldspar and augite. 

RELATIONSHIPS OF THE IGNEOUS ROOKS. 

Four types of igneous rocks have been described 
above as occurring in the Tintic district.: rhyolite, 



andesite, monzonite, and basalt. No analysis was 
made of the basalt, which is of little importance 
in the Tintic district. The following table shows 
the analyses of the Swansea rhyolite, the Packard 
rhyolite, the Tintic andesite or latite, and the 
Sunbeam monzonite. 
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From these analyses it is seen that the rhyo. 
lites have simi1ar compositions, and that the two 
other rocks likewise show chemical affinities. The 
andesite is plainly the effusive equivalent of the 
monzonite. The slight differences in chemical 
composition of these two rocks are much less 
important than their similarity, which is especially 
striking in those features which may be termed 
characteristic of the two rocks. Such are the 
relatbTe importance of the alkalies as contrasted 
with the lime and the potash.rich character of the 
two rocks. In mineralogic composition and tex· 
ture the relationship of the two is not so appal'ent; 
both rocks contain labradorite as an essential con· 
stituent, but they diffel' somewhat in their ferro· 
magnesian constituent. In the andesite 01' 1atite 
the pyroxenes are characteristic, with Monzonite 

biotite less important and hornblende an~ Jatite. 

only accessory. In tIle monzonite, biotite and 
hornblende are more common than augite. In the 
latter rock orthoclase and quartz are rather impor. 
tant constituents, ,,,hile in the lathe quartz is very 
rare and orthoclase was not detected. This is to 
be explained by the fact that in a monzonite these 
two minerals are the last to crystallize, and would 
therefore be wanting in the effusive equivalent 
where the consolidation of the glassy base pre· 
vented their crystallization. 

The two rhyolites contain 1 to 12 per cent more 
silica than the monzonite·latite type, and are much 
poorer in the alkaline earths. The latter type: on 
the other hand, is slightly richer in alumina, and 
contains more of the oxides of iron as well as of 
the titanic and phosphoric acids. The chemical 
characteristic of this group of rhyolites, monzo' 
nite, and latite, is the constant molecular ratio 
between the potash and the soda, which is nearly 
1: 1, the soda being always slightly in excess. 
This relation of the alkalies may be regarded as 
the best evidence of consanguinity in the igneous 
rocks of the Tintic Mountains. It is to be noted, 
also, that both the rhyolitic type and the monzo· 
nite·latite type approach trachyte in mineralogic 
and chemical composition. 

ALTERATION. 

The Tintic Mountains are in great part com· 
posed of comparatively young rocks, and their 
history has been relatively simple, yet 
these rocks show in their general as ~d!:'ee;;:g 
well as their microscopic appearance morphism. 

changes dlle to processes which have been active 
subsequent to the formation of these rocks. Such 
changes express the effect of varying conditions 
and may all be included under the term "altera· 
tion." These changes have been both mineralogic 
and structural, and have been effected by both 
chemical and physical agencies. The processes of 

Tintic Special. 
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alteration may act under superficial conditions purely surface erosion. Quartzite is affected both I angle in the shore, thus forming a natural reser· 
within the range of our olmervation, 01' the pro· by temperature changes and by frost, but suffers! voir. ~ectiolls of the ,""ave· built tel'l'aces and 
cesses may be such as to operate only at great little solution. bars show well·bedded sand, fine and well sorted. 
depths under conditions known to us only through SURFICIAL ROCKS. A few thin beds of coarse gravel occur inter. 
inference. The separation of the two classes is bedded with the sand. This gravel can be traced 
not ahvays easy, since the same rock may have A thick mantle of disintegrated rock material upward to the talus at the base of steep slopes of 
been subjected to both kinds of alteration. The covers a large part of the Tintic special district. limestone. The deposits thus indicate an alterna· 
superficial processes and reactions may be included This constitutes one of the most unfavorable con- tion of conditions ~ now the locally derived lime· 
under the term (' weathering," while those that ditions for geologic work, and has often seriously stone fragments being deposited on the beach, 
are deeper seated, or abyssal, may be comprised interfered with exploration for ore bodies. On and now the finer shore drift. Calcareous tufa 
under the term" metamorphism." tlJe geologic map two of these surficial formations has been deposited on the upper surfaces of the 

The rocks of the Tintic Mountains have been have been distinguished, the alluvium and the uppermost pebbles of these beds. 
subjected to metamorphic processes, and although Bonneville lake beds. Faint traces of other shore lines can be detect.ed, 
these are less important here than in many regions, Alluvium.-Tintic Valley is bordered byallu. but what has been called the Provo shore line, 
the closely related proeesses of ore deposition are vial cones which extend down from every ravine although strongly marked at other localities, is 

;!c1::~:~,~ ~~:e~:~~~~:~I~:l~:~l~~d Paleozoic :~: ~~I:i7 M~~:~a~s~ w;~t::~l c:~~: ~~ AliuviKI fKD5. ~~:;~~~:~~:p~~~efea~~:r~1;~:~~;::~~;e:t:~n~~~ 
dynamic metamorphism. The sheeting ::'~t::~~= stream-deposited material become flatter as they the Provo stage of the lake. Currant Creek 
and crushing along certain zones bave phlsm. emerge from the mouths of the ravines and emerges from its canyon immediately Curraot 

reduced massive limestone to a shale·like rock, gulches, and here better deserve to be termed east of the Tintic district, and from Creek delta. 

which in turn is locally decomposed to a plastic alluvial fans. Neal' the center of the valley the the mouth of this canyon extends a large delta 
clay. Since the processes of mountain folding slopes are very gentle, yet the grade is sufficient which forms a noticeable interruption in the 
antedate the eruption of the igneous rocks, the for the wide transportation of coarse material. broad concave sweep at the head of Goshen Val· 
latter have been little affected by dynamic action. The exceptionally large proportion of run·off due ley. The surface of this delta has an elevation 

A more important type of metamorphism is to the cloud·burst character of the rainfall of this of slightly more than 4700 feet, thus approximat. 
one in which water is the principal agent. This region gives to the occasional streams a greater ing the level of the Provo shore line as seen else· 
has been termed hy.drometamorphism. Hydrometa_ capacity to transport than might be expected. where. Below, the delta face has a deep slope to 
Changes due to this type of alteration morphism. Evidence as to the manner of transportation is the valley bottom, and Currant Creek has now 
are mineralogic. 1.'hus it is a fact that in the seen in the angularity of most of the rock frag. cut a deep channel in the delta terrace. The 
igneous rocks secondary minerals are of common ments found near the middle of the valley. origin of this delta is connected with the desicca· 
occurrence. Such minerals resulting from bydro. Their journey from the rock slope to the outer tion of the lake. When the water stood at its 
metamorphism are chlorite, epidote, muscovite 01' edge of the alluvial fan has been a comparatively highest level, or the Bonneville stage, Currant 
sericite, serpentine, talc, magnetite, and pyrite. rapid one, and they have suffered less corrasion Creek Canyon was a narrow strait connecting the 
In the northern half of the monzonite area there than would be incident to transportation in a water in Juah Valley with that in Goshen Valley. 
are several large masses of bleached rock. In well·defined stream channel. With the fall of the lake water to the Provo level 
many cases the true nature of this rock is difficult The structure of these alluvial fans can be there was a marked change of conditions; Cur· 
to determine. In appearauce the rock can be seen seen where the deep arroyos are at present rant Creek began to drain Juab Valley, having 
to have the same texture as the other monzonite. trenching them. They show stratifica· its point of discharge at the head of Goshen Val· 
The rock is not at all disintegrated or less tion, sometimes imperfect, hut usually ~~~~~e::~d ley. Here the delta was doubtless quickly built, 
compact than the fresh rock. Analysis shows, readily distinguished. rl'he materials SKod. and its upper surface may he taken as indicating 
however, cOllsideralle chemical change. The are interbedded gravel and coarse sand. The the water level at that time. The uniform fine· 
monzonite has lost the most of its iron oxide and freshness of all this detrital material is noticeable, ness of the material composing the Currant Creek 
all its lime, as well as all its soda. There is, since rock disintegration has been so far in excess delta is due probably to the fact that aU coarser 
hovvever, a relative gain in potash and silica, as of rock decomposition. sediments were deposited in the lake·like expltllse 
well as of ·water. Thus the rock has been siJici· In many cases the alluvial deposits extend far of the stream in Juab Valley above the canyon. 
fied as ,·,,~ell as leached. up into the mountains, following the different 'Talus dtposU-'i'.-These deposits, although not 

The processes of superficial alteration have drainage lines, and tlleil' distribution is, Dlstrlblltloo indicated on the geologic maps, are very exten· 
furnished the material for the extensive surficial therefore, greater than can be repre· ofallovium. sive in some portions of the district. They 
deposits which are described below. sented on the geologic map. In sinking the wells include the rock detritus which OCCIII'S in the 
These processes have modified the SilT'· Weathering. Ileal' IIomansville, alluvium was found in one form of talus slides and avalanche streams. TIle 
tace of the region and have also affected the rocks instance to a depth of 65 feet, consisting of inter- material is heterogeneous and unstratified and 
and ores lying nearest the surface. The zone of bedded clay and gra.vel, the former in beds a few owes its removal from the original rock mass pri· 
such alteration is that above ground·water level. inches tbick The alluvium of the hills and madly to the action of gmvity. Creep due to the 
'Vithin this zone the action is that of oxidation, ravines above Goshen Valley is similar to that ~tion of frost and snow may occur in these talus 
hydration, and carbonation, all resulting from the on the west side of the range, and does not slides, while on the steepest slopes avalanches of 
chemical activity of the surface waters and their require further description. i snow doubtless have been effective in the trans· 
oceluded gases. Under this head. also are to be Bonne'ville lake bed8.-Goshen Valley is about' portation of the rock fragments to lower levels. 
included the physical changes due to tempera. 1000 feet lower than Tintic Valley tllld is covered Well·defined avalanche streams occur in some 
tnre variations, or water and frost action. At the by deposits of a different character. The allu· ravines, and these have apparently not yet come 
surface the action is, for the most part, physical vium, which doubtless once covered the lower to rest, judging from the comparative absence of 
rather than chemical Disintegration of the rock part of the valley as it yet covers the whole of vegetation on their surface. 
mass takes place with comparati\'ely little decom· Tintic Valley, has been hidden from view by In many places on the slopes of the Tintic 
position of the mineral constituents. Thus, in lacustrine deposits, which are finer grained and Mountains the mantle of talus material has accu· 
the areas of igneous rocks coarse mineral sands more evenly distributed. The Pleistocene lake I mulated to a great thickness. Pros· Cemented 

aI'e of frequent oeCUl'rence, which are the result which covered the eastern part of the Great Basin pect tunnels, both in limestone and talus. 

of the action of frost and sudden temperature extended into this valley, and this fine material monzonite, show disintegrated rock to a depth of 
changes. Wind erosion is also an important fea· now covering the surface was deposited from the 50 or even 100 feet. So compact is this detrital· 
tUre on the exposed· rocky peaks. waters of Lake Bonneville. I material that roofs and walls Imve remained 

Of the igneous rocks the monzonite is the most The Bonneville shor@ line, which marks the I standing untimbered for many years in these 
resistant to atmospheric agencies, being broken highest water level, is well developed at the head' deserted tunnels. In gulches also, where streams 
into angular blocks which form a pro· of Goshen Valley, a few feet above the Oldsbore have cut trenches in the debris, the high angles 
tective mautle. '],he andesite breaks ~!:!~v(>f 5100·foot contour. The terrace here is lIoe. at which the walls stand show a considerable 
into smaller angular fragments, and in reslstKDce. mostly cnt in alluvial material which extends degree of cohesion. This cementation of loose 
the more porous lavas there is a marked tendency down from the small ravines indenting the moun· fragments into such coherent maRses is a process 
to disintegration into sand, which is washed from tain slope. As shown in Mr. Gilbert's monograph* ' connected with the aridity of the region. Chem· 
the slopes and accumulates in hollows. The on the Pleistocene lake, tllis area formed a part ical decomposit.ion of the rock fmgments has 
rhyolite weathers like the andesite, but is slightly of Utah Bay, an almost landlocked arm of the been slight, but sufficient water circulates through 
less resistant. In their resistance to weathering lake; therefore, the waves which beat on this the deposits to leach out a snlall part of their sol· 
action the sediment:uy rocks stand in the follow· shore having but little fetch and being relatively uble constituents. Such solutions are brought to 
iog order: quartzite, limestone, sandstone, shale. inefficient, the shore line is not so deeply carved the surface, so that on evaporation the material 
The shale and sandstone yield to both frost action as at more exposed points; yet the terrace mark- in solutiou is left near the surface, where it acts 
and solution, the latter removing the cementing ing the Bonneville level is readily obser\'ed, since 
material and thus disintegl'ating the rock. The it forms the line of division between two types of 
limestone is broken into fragments by the frost topography. Above, the rock has been sculptured 
on exposed points, and also suffers a certain into bold outlines which even the surface accnmu· 
amount of solution. This is most apparent where lations of rock detritus do not conceal. Below, 
the Godiva limestone contains cbert nodules, the lines are softened and the gentle, even slopes 
which stand out relatively unaffected. The caves of the lacrustine deposits afford a marked con. 
occurring in the limestone at the surface are! trast. One interesting feature of the Bonneville 
closely related to fissures, and may have an origin I shore line is a bar constructed across a reentrant 
similar to that of the caves encountered in the 
minel'l of the region, and thus not he the result. of * Lake Houneville: Mon. U. S. Geol. Survey, Vol. I, lS90. 

as a cement. 

GEOLOGIC HISTORY. 

Several epochs in the history of this region are 
reeorded by the different rocks and deposits 
which cover the surface. Although the region 
has been one of constan.t change and unceasing 
geologic activity, four general ,epochs in the geo· 
logic history Il).ay be distinguished. 

8edimentati'on (Paleoz01{:).-The history, as 
recorded in the rocks, begins with Paleozoic sedi· 
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mentation. Notbing is exposed below the Tintic I deposited. These beds of mixed sediments were! commencement of the eruption. Similar erup-i up into tli~ mountains the mantle at alluvium is 
quartzite, which is believed to be of Cambrian I also limited in extent, so that the rocks as now I tiona occurred in the southern part of the district, i considerable. Alluvial deposits of this character 
age. The position of the Cambrian shore line I seen are not persistent in character along the as well as contemporaneous i~tl'usions of rhyolite I and extent testify to climatic conditions favorable 
and the conditions which governed the deposi- r strike. in the central portion of the area. to both erosion and transportation. At present 
tion of the 14,000 feet of Paleozoic sediments can Uplift and erosion (Jl[esozoio).-This area of I :Following this volcanic activity were, the erup·1 the agencies of transportation are inadeqnate, so 
only be inferred. Paleozoic sediments is believed to have been, tions of andesitic lavas, quite different in character. I that the rock detritus accumulates in talns depos· 

In the first place it is to be noted tlIat there is raised above sea level early in Mesozoic time. Volcanic cones were built up by the Andesltlc 'its. It is evident, therefore, that a period charac· 
in the Paleozoic ~ection. of the Tintic Mountains Although sediments of Mesozoic age occur both lava flows an~ the ~ccoropan!ing f~ag. eruptions. I rerized by great~r. precipitation p~eceded t~e 
no apparent stratigraphIc break, such as a marked to the east and to the soutb, none are found i mental mateTIal, whIch was eJected lU great quan- ' present one of arIdIty. 'fhe lacustrme deposlts 
unconformity or an extensive conglomerate. within this area, and it probably was situated in titieR. A later eruption in the Diamond area [ of the now extinct Lake Bonneville afford further 
These would be expected as the result of any I the southeastern part of the Mesozoic continent. I was less explosive in character, and appears to evidence of this in Goshen Valley, where the lake 
considerable uplift or subsidence. The absence, In the Tintic Mountains the Carboniferous have been of the nature of a quiet extravasation! beds were deposited, covering the alluvium of 
of coarse material in any of tbe sedi- I strata hM'e suffered compression to a consider· of lava £r.OO1 a fissure. 'fhe outlines of this fissure that vaHey. Later, when the rainfall' became 
ments is noteworthy, a few pebbly ~~:res~c:edt able extent. At what time such folding took are approximately defined to-day by the area of I insufficient to maintain this body of water, it 
bands in the Cambrian quartzite being menU. I place can not be determined within monzonite and andesite-porphyry, rocks which i disappeared. Since that time these deposits have 
the only exception. The sediments are all such the limits of the Tintic district, but &~::~~~l~f i consolidated below the surface. Higher up, i remained practically undisturbed. Currant Creek 
as to show that their deposition at no time I immediately to the south, in the Can- rocks. andesites flowed from tbis fissure, covering the trenched its delta as the lake level was lowered, 
occurred near a shore line. As compared with I yon Range, it is seen that the Carboniferous fragmental deposits and lavas of the older vol. cutting down over 100 feet into the delta depos­
the Paleozoic rocks of the Wasatch Mountains to I limestones continue the folds of the Tintic cano. A Tertiary age is given to these volcanic its. The lowering of Lake Bonneville, with the 
the east, the Tintic sediments above the top of I Mountains, 'while early Tertiary conglomerates rocks on the basis of general relations. sudden change of water level, also caused an 
the Cambrian quartzite are characterized hy their in the same locality show only a slight tilting. Depmdtion of surficial fonnations (l{eocene increase of efficiency in other streams tributary 
generally calcareous nature. In the Paleozoic of So marked an unconformity between the Tertiary and PZeistocene).-Erosion continued its work to the lake. In Tintic Valley there are stream 
the 'Vasatch Mountains arenaceous and argilla. and Paleozoic rocks makes it evident that the even before the cessation of volcanic activity. terraces which are, referable to this period of 
ceous rocks greatly predominate throughout the mountain-building movements which caused these The rhyolitic flows were somewhat eroded pre- marked activity, but in the rich bottom lands of 
section, while in the Tintic series above the Tin- folds were of Mesozoic age. They may have been vious to the first eruption of andesite, while the this vaHey there is little other evidence of the 
tic quartzite and associated shales only 110 feet connected with the birth of the Mesozoic conti- volcanic cone of Volcano Ridge had begun to stream that once flowed. Along the edge of the 
of sandy limestone and quartzite occur with 6500 nent. be caned by atmospheric agencies berore the valley.alluvial fans are still being trenched by 
feet of limestones. This points to the existence This uplift inaugurated a decided change io intrusion of monzonite cut across one side, and the occasional streams. 
of a deepening sea over the Tintic area after the history of the area. Erosion was substituted the flows of andesite covered the earlier volcanic Res1l,me.-In Paleozoic time the area was one 
Cambrian time with conditions that were favor- for sedimentation and the new land ExtensIve deposits. Since then erosion has continued with- of sedimentation. Beginning with the deposition 
able for limestone deposition, while to the east area immediately began to waste at its erosIon. out interruption) and to-day the region is one of of well washed sand, the succeeding sediments 
arenaceous sediments were being deposited nearer surface. Many thousand feet of Carboniferous marked relief, although the products of Tertiary were calcareous muds followed by more argilla­
the shore. strata have probably wholly disappeared from the volcanism had concealed to a large extent the c~ous and arenaceous sediments. This series, 

The Mammoth and Godiva limestones record Tintic region, and their erosion was pre· Tertiary. earlier work of erosion. which comprises thousands of feet of sediments, 
a long interval of sedimentation under conditions Such a thickness of overlying strata "ms doubt- An exact measure of this post-volcanic erosion was deposited in the deeper waters of the sea, 
~ssenti~lly uni~or.m. They.are not rich Limestone less necessary for the production of the close can not be easily given. The upper slopes of and, for the most part) at a considerable distance 
III fossIls, and It IS also notICeable that sedimentaw folds which characterize the structure of the Car. Godiva Mountain do not appear to from the shore. 
the fossils found were from a few well- tlon. boniferous rocks of the Tintic Mountains. have been .greatly ~educed) ~lthough ;~!!~;:!c"::nlc In ~Ieso7.0ic times these sediments were lifted 
defined beds in which) although the rock is Volcanic activity (TertiaJ'y).-The third epoch the 'VOICtJ.lllC materIal coveTIng the above the sea level and the horizontal beds were 
markedly fossiliferous, the range in species seems in the history of the Tintic Mountains is that lower slopes has been in part removed, yet the compressed into close folds. Atmospheric agen· 
to be decidedly limited. Thus it appears that of volcanism. The mountains had been deeply bottom of the pre-volcanic canyon at the head of cies immediately began to weal' away these rocks, 
the conditions were not especially favorable to carved by erosion, portions of tbe range being Eureka Gulch has not yet been reached. In the giving a marked relief to the Tintic Mountains. 
organic life. A break in these uniform condi- reduced nearly to the yalley level, when volcano southern part of the 'rintic Mountains evidently In 1'ertiary time volcanic eruptions of tuff and 
tions seems to have been inaugurated with the ism began its task of rejuvenating the mountain a large amount of the volcanic rock has been lava added greatly to the mass of these mountains, 
deposition of the Humbug formation. Here range. Deep canyons were filled with volcanic removed by erosion. Buckskin Mountaln and and the results of the Mesozoic erosion were 
arenaceous, argillaceous, and calcareous beds I material, thus restoring in great measure the topo- Tintic Mountain have been carved from horizon. largely concealed. 
occur in succession, in consequence of more varied I graphic continuity of the range. tal flows of andesitic 1ava. Andesite once cover- Since the volcanic eruptions, erosion has cut 
conditions of sedimentation; the depth of water The earliest lavas to be erupted were the rhyo- ing the monzonite of Sunrise Peak and the area deeply into the accumulations of volcanic mate­
was doubtless somewhat lessened, so that arena- [lites. J!'rom the vicinity of Packard Peak an to the north has almost wholly disappeared. rial and the products of this erosion have been 
ceous as well as calcareous material was contribu- outwelling of viscous rhyolitic lava RhyOlitic Some measure of the amount of erosion in the deposited as alluvium and lake beds in the val-
ted to the area of deposition, and, changing cur· I filled the deep canyon north of Godiva eruptions. Tintic Mountains is afforded by the extensive leys ana as talus on the upper slopes. 
rents being" only partially able, to perform the I Mountain and Eureka Peak, and the lava also surficial deposits. In Tintic and Surficial I GEORGE OTIS SMITH, 
task of sorting this heterogeneous material, calca- I flowed off to the southeast, down the Goshen Goshen vaneys the al1uvial and lacus- deposits. I GeoZogl-st. 
reous sandstones and sandy limestones were slope, making the range much wider than at the trine deposits are doubtless very deep; even wen I June, 1899. 

MINING INDUSTRY. 

HISTORY. 

I rich in ore deposits. This incluc;les the Godiva, I Homansville in 1871. The second, the Tintic I to the large smelters in the vicinity of Salt 
Uncle Sam, Humbug, Utah, and Sioux mines, I Milling and Smelting Company's works at Dia· , Lake City and elsewhere. The shipping mines 
which are situated on the eastern slope of Godiva mond, was also built in 1871. The Local I in 1899 were: the Mammoth, Bu1lion- Producing 

Tintic is one of the oldest mining camps in the i Mountain and Sioux Peak. third smelter was the Copperopolis, smelters. Beck, Centennial-Eureka, Grand Cen- mines. 

State. Ore was discovered by a party of pros-" For a number of years rapid development of! built in 187:~. Others were the Crismon-Mam- I tral,Gemini,EurekaHi11, Swansea, South Swansea, 
pectors returning from western Utah in Decem· I the mines in this district was not possible, owing I moth, built at Tintic in 1884; the,Latham furnace, I Godiva, Humbug, Uncle Sam, Sioux, Sunbeam, 
ber, 1869, and the districts were organized in the I to poor facilities for transportation. There was, built at Goshen in 1874; and the Clarkson, at Ajax, Star Consolidated, Four Aces, Carissa, Joe 
following spring. The only districts in the State however, a very considerable amount of ore neal' I Homansville. Like the earlier milling processes) I Bowers, May Day, Northern Spy, Eagle, Treasure 
discovered previous to Tintic were those of Bing- I the surface which was rich enough to be mined i smelting was unsuccessful. • Hill, Lower Mammoth, Tesora, Alaska, Shower's 
ham in 1863 by the soldiers of Gen. P. E. Connor j , in the face of almost any difficulty. These rich I The process of leaching the ores has been tried I Consolidated, Boss Tweed, Utah, Rabbit's Foot, 
Rush Valley, or Stockton) also in 1863; and,. ores were shipped to San Francisco, Ellrly ore on two occasions-once at Goshen, in 1876, and I and Silver Park. The Tintic iron mine shipped 
Little Cottonwood, in 1868. The first claim California; to Reno, Nevada j to Balti- Shipments. again on the site of the old Millet· mill, LeachIng I nearly 600 cars of iron ore to be used as fiux. It 
recorded in the Tintic district was Early loca. I more, Mar~yland j and even to Swansea, \\T ales. in 1879. This method of winning plants. will be noted that the above list of producing 
called the" Sunbeam," and was located tions. I The average value of the ores was not sufficiently values was even less successful than milling and mines includes three of the four mines first loca· 
on December 13, 1869. The second location, the great to warrant shipment to such distances, and smelting. ted in the district, a fact which speaks well for 
Black Dragon, a short distance north of the Sun- 'attention was turned at an early date to the The scant supply of water contributed largely I the permanence of the ore bodies. 
beam, was made on January 3, 1870. The third I erection of mills and smelters in the vicinity of to the want of success in the early mills. 'fhe I PRODUCTION. 

location was made on February 26 of the same I the mines. The first ruill erected was at Romans· Mammo~h and Farrell mills are to.day supplied' 
year, on the site of the present Mammoth mine, ' ville, in May, 1871. 'I'he second mill in the same through a pipe line from Cherry Creek, 18 miles I In the first few years after the discovery of 
and two days Jater stakes were set on the Eureka II locality was completed in the fall of the same I to the west j while at Eureka this supply is aug- ' precious.metal deposits in these mountains the 
Hill ledges. year. The Wyoming mill, the Miller mill, tlle mented by water from wells sunk at Homans· production was about equally divided between 

These early locations ,were in parts of the dis- I Shoebridge mill, southwest of Dia· Amalgama. ! ville. I the deposits in the sedimentary and those in the 
trict which have continued to be the important mond, and the Copperopolis mill were tion mms. , The development of the mines was greatly igneous rocks, or between the northern and the 
centers of the mining industry. 1'be MIning I constructed in 1873; the Mammoth mill, at Tin· I accelerated upon the advent of the railroads-the i southern districts. Upon the exhaustion of the 
first is in the area of igneous rock centers. I tic, in 1879; the Roseville roill, southeast of I Oregon Short Line from the west in 1883, and oxidized ores in the igneous rocks the output of 
in the southern part of the district, in the Mammoth, at about this time, and more recently the Rio Grande Western from the east in 1891. the southern portion of the district became prac· 
vicinity of Silver City. The next area north is the present ]\Iammoth mill, at Robinson, in I There are now four pan.amalgamation mills of tically nothing, and most of the mines were aban­
that of Mammoth Basin, the most important December, 1893; the Eureka Hill and Rullion- I the most modern type in the district: the Mam- doned. A few, however, pusbed their shafts to 
mine of which was the third location of the dis· Beck mills, at Eureka, in 1894; and the Farrell moth and the Sioux or FalTell mills at Presentconw greater depths, until, finally, after a lapse of 
trict. North of this basin, and separated from it mill, at Robinson, in 1895. I Robinson, and the Eureka Hill and dltlons. nearly twenty years, rich sulphide ores were 
by a high ridge of limestone, is the Eureka area, Owing to the poor success of the early amalga- , Bunion-Beck mills at Eureka. These treat suc- found in seyeral of the mines, notably in the 
with the Bullion-Beck, Eureka Hil~ Centennial- mation mills and the refractory nature of much of I cessfully the lower-grade ores of the district and Swansea and South Swansea. Since then these 
Eureka, and Gemini mines. East of the Eureka the ore, smelting has been tried frequently. The I ship both bullion and concentrates. I mines have produced constantly, and the renewe~ 
and Mammoth groups of mines is another locality first smelter erected in the district was built at ! The richer ores from the mines are shipped I interest in the veins of the igneous rocks that 



their developments have created has already 
accelerated development in other mines and 
added greatly to the production of the district. 

From the earliest times the mines in the sedi­
mentary rocks have been productive, and the 
development bas kept so far ahead of the actual 
breaking down of the ore in the stopes that the 
production has been one of constantly increasing 
proportions. 

The following table, compiled from the report' 
of the Director of the United States Mint, affords 
the best data on production obtainable. The 
individual reports of production fron;t the vaJi"ous 
mines have been used, so far as possible, as a 
check on this table, but, as it has been impossible 
to get reports on all the mines, and as many of 
th'e reports are incomplete, the production of the 
earlier years has not been verified. 

Production of the Tifttic mining district. 

""""'-
1880 .. 3,012 ,8,682 

'88' 2,332 105,3M 

1882 ..•.. 3,000 232,658 
1888 .... 2,000 224,800 

1884 .. 1,500 612,016 

1880 888 868,925 
1886 2,300 825,000 

1887 .. 3,200 1,412,468 

1888 .. . . . . . . . . . . . . . . . . . . . 7,110 1,201,620 

1889 .... 14,940 2,055,700 

1890 24,633 3,801,700 

.89. 19,4.44 2,901,700 

'89' .................... 16,470 2,011,642 

1893 ........... lG,097 1,990,860 

1894 .. 18,066 2,582,038 

1895 .... 27,525 8,517,166 

-1.896 .. 40,470 3,953,843 

1897 .... 37,009 2,877,600 

1898 .. 38,136 8,!l89,1.i07 
I--------~I~-----

277,142 34,575,199 
L-_________ ~ ____ ~ ______ 

It is thought that the production of silver and 
gold previou. to 1880 did not exceed $2,000,000 
in value. 

In addition to the silver and gold, Tintic has 
produced a large amount of lead and copper, the 
production lor 1898 being over 2,000,000 pounds 
of copper and 29,000,000 p~unds of lead. 

FRACTURE SYSTEMS. 

The fracture systems of the district may be 
divided into two distinct classes: the first and 
more important are those whioh occur in sedi· 
mentary rocks; the second are confined to the 
igneous rocks. 

Fracturing and mineralization in the sedimen· 
tary rocks occurred before the volcanic activity 
and therefore previous to fracturing anq mineral. 
ization in the igneous rocks. 

FRAOTURES IN SEDIMENTARY RO(JKS. 

Fractures in the sedimentary rocks are very 
abundant and may be seen in almost every out· 
crop. They are most readily traceable in the 
quartzites and harder limestones. The Robinson 
quartzite i. so profoundly .heeted by the N.-S. 
fractures as to conceal the bedding in most places. 
The fractures are most abundant in the vicinity 
of the three great mineral.bearing zones: the 
Eureka zone, the Mammoth zone, and' the 
Godiva-Sioux Mountain zone. 

The great majority of the fractures occur in 
the NE. and SW. quadrants, but the mo.t per~ 
sistent are within a few degrees of N.-S. The 
fractures in the NW. and SE. quadrants are less 
abundant. The fracture planes are nearly verti­
cal, but in a few cases dip east or west at an 
angle that is rather less than 70°. ' 

There are four principal directions of fracture: 
N.-S., including variations of less than 10° east or 
west of the meridian j N. 15° E., N. 25° E., and 
E.-W. Of these the N.-S. are the most important 
and the N. 15° E. fractures are the Prhll:Jpal 

commonest planes at an angle with fractan:a:. 

them. The N. 25° E. and the E.-W. fracture. 
cross the stratification and hence are readily 
recognized. They are apparently later than the 
other fractnre.. The Spy-Ajax fault, which 
crosses from Mammoth Gulch to the Northern 
Spy mine, is the most prominent E.-W. fracture, 
having a displacement of a thousand feet. E.-W. 

TintioSpeo;al. 

\ 
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fraetures are most common along the contact of trend N.-S., but turn gradually to the west, and 
the Robineon quartzite and the Eureka lime. between the Eureka Hill and Bullion-Beck .haft. 
stone, where they lmve a maximum displacement are mainly N. 35° W. North of the Bullion-Beck 
of 200 fee~ The .. fractures are almoBt alway. .haft they trend within a few degree. of N.-S. 
vertical In the two southern mines the ore bodies are 

The subordinate fractures, whicb, while ·con· fairly continuous and extend to great depth, but 
stantly present, are much less persistent tban the in the north they are less continuous; they have 
other fractures, have the following SIlOOrdl ... te a small vertical range and consist of a number of 
directions· NW N 35° W' N 20° W 1ram.res. lens.shaped bodies scattered widely throughout 
tmd NE. . The; a~e usuJIl" ·verticai: b~t those the ore zone. But very few later or secondary 
which are parallel to the strike of the rocks are fractures were observed in this zone. 
also parallel to the dip. The N. 20° W. and N. MamrTWth oone.-This zone commences on the 
35° W. fractures are the most abundant. The north at the Eagle mine, and extends thence 
1atter are confined to sharp ftexures in the strati- southward through the Grand Central, Mammoth, 
fied rocks along Eureka Gulch, and are acCompa- Ajax, and Lower Mammoth mines. The most 
nied by much brecciation of the strata. In the prominent and most numerous fractures have a 
former the individual strata have slipped past general N.-S. direction. N. 25° E. and NE. £rae. 
each other, forming open spaces of small dimen- tures are common to all the IJ?ines of the zone, 
sions. and are especially well seen in the Ajax, where 

The intelT61ations of the various :ll"8Ctures are they have been extensively mineralized. The N. 
very complex. The majority of the fractures 15° E. fractures are peculiar to tbe Mammoth 
cross, but appear not to have faulted InterseGtloa. mine, where, together with the N.-B. fractures, 
one another. The exceptions to this oI'frac:tllreL they have been found on planes of heaviest min­
that have been noted are along Quartzite Ridge eralization. N. 20° W. and NW. fractures have 
and the Spy-Ajax fault, where N.-S. fracturee are their greatest development in th. Grand Central 
faulted by E.-W. fractures; also in the mines of mine, and are apparently the result of slipping 
Eureka and Godiva mo~tains, where N. 25° E., on the planes of stratification. 
N.-E., and E.-W. fractures are seen occasionally The Spy-Ajax fault, which crosses this zone, 
to break the continuity of the other fractures. has displaced the strata on the south side a 

The N.-S. fractnree, which are by far th. moat thou .. nd feet to the eastward. Adjacent to this 
common, are also most abundant on the west limb fault on either side are many parallel :fissures, 
of the syncline, where the strata are nearly verti- some of which are ore bearing. r.I,'he exact reIa­
cal. On the east limb, where the strata dip at tions of the ore bodies on the north to those on 
low angles, they are not common. The NNE. the BOuth of this fault are not clearly understood. 
and NE. fractures are most common at tbe south- At the southern end of the Mammoth mine, at 
ern end of the syncline,: where they cross the the intersection of several fissures, the ore forms 
bode nearly at right angles. The E.-W. fracture. a large, elliptical ,haped chimney, which h ... 
Me found in the central and northern parts of been traced continuously for more than 1600 feet 
the area of stratified rocks. The NNE., NE. and in depth. This sends off several fingers to t~e 
E.-W. fractures cross the stratification and east, but the main channels are N.-S. or N. 15° E. 
appear to have been formed, for the most part, In the Grand Central mine the ore body follows 
sub.equently to the N.-S. fractures. N.-S. fracture. in part, but its main axi. is N. 30° 

Since the ore bodies follow the fractures, their W., or nearly parallel to the strike and dip of the 
general direction is north-south. There are, how- strata. In the Eagle mine the ore body trends a 
ever, many small ore bodies and POI'- few degrees west of north, parallel in strike with 
tions of large ore bodies which follow &n~::_ the stratification, but with a vertical dip. The 
the other fracture directions; but these til.... ore bodies which follow simple N.-S. fractures 
are subordinate in amount. The fractures which Me of much smaller vertical extent than the 
fau"lt ore bodies are very few; ~nd since their Great Mammoth chimney, and are largest near 
courses are generally parallel to them, it is only the surface. On the other hand, the top of the 
possible to distinguish them as later fractures great ore body in the Grand Central mine seems 

sequently to the N.-S. fractnring; this fault is 
traced up to but does not enter the rhyolite, the 
earliest of the igneous ernptives, hence Ap of fral:­

must have been formed previous to vol. tares. 

canic activity. As the most recent sedimentary 
strata belong to the Carboniferous age it is prob­
able that their deformation, and the subsequent 
mineralization, occurred during Jurassic time, or 
at least prior to the Tertiary, which was the age 
of volcanic activity. 

FRAoruRES IN IGNEOUS ROCKS. 

The fracturing in the igneous rQcks occurs 
m08tly in the more solid types, the monzonite 
and quartz.porphyry, and is most abundant in the 
more coarsely granular of these rocks. 

The mineral-bearing fractures have a maximum 
development between Silver City and the Sun­
beam mine, becoming few and insignificant east 
of the latter. Some mineralized fractures have 
also, been developed in the porphyritic monzonite 
on,Treasure Hill and Sunrise Mountain. 

There is not so wide a range in the trend of 
these :fissures as in the sedimentary l"Ocks. Fis· 
sures trending N. 15° E. and N. 35° E. Trend of 

are the most abundant. N.-S. and N. =::111 
10° W. fractures also occur, the latter rollb. 

being limited to mines north of Silver City. A 
few have a trend N. 70° E. They are always 
nearly vertical, the dip rarely being less than 80° j 
but it is not uncommon for the dip to change 
from east to west within a huncb'ed feet. The 
fractures all die out near the sedimentary rocks. 

In the mines north of Silver City-the Swan· 
.ea, Park, Four Acee, and Silver Bow-N.10° 
W. and N. 15° E. fractnres predominate. On the 
north sid!3 of Dragon Gulch, N. 20° to 35° E. 
fractures are the more common, and in the mines 
to the ... t of Silver City-the Martha Washing. 
ton, Sun beam, Undine, Joe Daly, and others-
N. 25° to 45° E. directions prevail. 

Secondary fractures are very rare, the only 
ones noted being two in the Swansea mines, with 
directions of N. 55° W. and N. 70° E., which dis­
place tbe mineral-bearing veins about 10 feet 
each. 

As the igneous rocks are of Tertiary age, the 
fractures must be late Tertiary or early Pleisto· 
cene. 

ORE DBPOSITIOll. 

when they actually cross them. The faulting to have been nearly 1000 feet below the surface.' The ore deposits of the region occur along 
fractures trend N. 25° E., NE., and E.-W. They The only observed post-mineral fractures in the fracture zones within the sedimentary and igneous 
are necessarily of later origin than the minerali- Mammoth mine trend N.-S. and include an irreg- rocks and at the contact between the 
zation, and hence than the great majority of the ular band, varying in width from 20 to 100 feet, two. Those in the sedimentary rocks ~{::IJ~:!tted 
fractures, but they appear to be older than the vol- of broken, angular fragments of limestone, which :.\re practically confined to the three tllre :lODe.. 

canic activity, for in no case have they been traced is popularly k~own as the" dike." fracture zones above mentioned, the Eureka, the 
into the igneous rocks. . The E.-W. fractures, Godwar-Sioum Mountain zone.-This begins on Mammoth, and the Godiva-Sioux: Mountain zones. 
which occur at the cont&ct of the Robinson quartz- the south at the North Star, extends NE. to the In the igneous rocks the deposits consist of a 
ite and Eureka limestone, have not intersected east side of Sioux Mountain, tbence northward to number of short, widely interspaced veins, with a 
any known ore bodiee, hence their relation to ore Godiva Mountain, and finally NNW. to the north general strike N.-S. and NE.-SW. The principal 
deposition is not determined. They are undoubt- side of this mountain. The principal fracture dirac· mines are the Swansea, South Swansea, Sunbeam, 
edly older than the volcanic rocks, because in the tions at tbe south end are N.-S. and N. 25° to 36° Martha Washington, Treasure Hill, Homestake, 
northern part of the district they have been E.; in the central portion N.-S. and N.15° E. frae- and Joe Bowers. The Tintic iron mine, on the 
found to stop at the contact. There thus appears tures are more abnndant; at the north end N.-S. northern side of Dragon Gulch, has the most con­
to have been an earlier series of frac- and N. 15° to 30° W. fractures prevail. Theyare siderable contact deposit. The more common 
tures, trending NNW. and NW., whicb :t!,~~::.d all vertical. The ore bodies follow the fractures; minerals of these deposits are pyrite, galena, 
waa later intersected by the series of turea:. that is to say, they are NNE. at the south end, sphalerite, and enargite and their oxidation prod· 
cross fractures trending N.-B., NNE., NE., and N.-S. along the east. :flank of Godiva and Sioux: ucts; carrying silver and gold, with quartz and 
E.-W. With few exceptions the displacements mountains, and NNW. at the north end of Godiva barite 8.8 gangue minerals. In the sedimentary 
on these planes do not seem to have been very Mountain. At the south end the ore zone is com· rocks quartz IS the predominant mineral; in the 
considerable. They preceded the mineralization; posed of several sbort ore bodies, while in the igneous rocks the metallic sulphides predominate. 
but a few fractures are found which have been central portion there is a single ore body which The ores in the sedimentary rocks are mostly 
subsequent to the mineralization. has been followed continuously from the Clarissa oxidized down to the greatest depth De bof 

E'lfIrelca !'raolAvre oon8.-This zone extends from to the U tab mine, a distance of 6000 feet. Beyond yet mined - about 1600 feet below the o':fJatJon. 

the Gemini mine, northwest of the town of this to the north the bodies are less regular, being surfa~e. In the igneous rocks the ground.water 
Eureka, through the Bullion-Beck, Eureka Hill, short and lens-shaped, with a pitch south of east. level varies from 200 to 700 feet below the sur­
and Centennial-Eureka mines, to the Southern [n the Northern Spy, Sioux, and Utah mines, in face, being deepest in the Swansea mine. In 
EurekQ, Tennessee Rebel, and Opex mines in. the central portion, the ore bodies, which are ver- these the ore deposits are completely oxidized. 
Mammoth Basin. In this zone the greatest frae· tical, or have a steep western dip in the lower above and unaltered below the water level, the' 
turing has been between the Bullion-Beck and levels, are inclined tQ depart from the fractures line of separation being very di$tinct. In the 
Eureka Hill shafts. To the south, though ~early at the contact of the Godiva and Humbug forma· stratified rocks the ores in some cases:fill irregu­
as many fractures exist, there are fewer fracture tiona and follow the bedding planes of the strata, lar spaces and chambers along the fissure zones; 
directions, N.-B. being the ~ost common, and to which dip eastward at angles of from 25° to 65°. in o.thers they replace the country rock. The 
the north there are neither so great a number of Secondary fracturing is slight in this zone and minerals in the igneous rocks, on the other han~ 
fractures nor so many fracture directions, the is principally seen in the U tab mine, where an occur only witbin the walls of the fissure planes. 
principal open .pace. being parallel to the E.-W. fault haa displaced the ore body. The lead and .ilver ore. predominate ahnoat to 
bedding planes. The ore bodies follow the £rae- The fact that some of the ore-bearing fractures the exclusion of copper and gold ores at the north· 
ture planes in their varying directions. are faulted shows that there must have been two ern end of the various ore zones, as in 

In the Centennial-Eureka .mine tbeir general periods of fracturing. The fractures on either the Gemini and Godiva mines, while ~1s.!=:t:t:D 
course is N.-B., with minor irregularities. fu the side of the Spy-Ajax fault do not correspond, the Centennial-Eureka and North Star, ... llIorall;. 

south end of the Eureka Hill mine they also which indicates that this fault was produced sub- at the southern end of these zones, produce more 



copper and gold than lead and silver. Gold, 
which is found almost exclusively in the deposits 
in the sedimentary rocks, is rarely detectable by 
panning, and hence probably occurs in some 
chemical combination. Silver yields the principal 
values in all the deposits; it is largely in the form 
of cerargyrite in the deposits of the sedimentary 
rocks, where it coats the breccias of vein material 
and country rock. In the igneous rocks it is 
found both as cerargyrite and as argentite. The 
other minerals of commercial value are lead 
and copper, the former occurring in both the 
sedimentary and the igneous rocks, the latter 
principally in the sedimentary rocks. The iron 
of the contact deposits is valuable, being used for 
fluxing purposes. The bodies of unoxidized ore 
found in the sedimentary rocks, and the ora nallorm 

ores exposed in the lower workings of ;Peposits. 

of the igneous rock deposits, show that, in their 
original forms, these ores were sulphides and 
sulpharsenides, which form 5 to 90 per cent 
the ore in the sedimentary rocks and 50 to 80 
cent in the igneous rocks. 

Galena and pyrite are the most abundant 
metallic sulphides, and enargite is the principal 
form of copper as originally deposited. By the 
oxidation of the deposits in the sedimentary rocks 
the metals have been separated into ore bodies in 
which one or the other predominates. 'rhus, in 
the Eureka Hill, Mammoth, Ajax, Carissa, and 
Northern Spy mines large bodies of oxidized cop· 
per ore have been found which carried practically 
no lead values. Equally large bodies, almost 
exclusively of lead are, occur in the Eureka Hill, 
Bullion-Beck, Utah, Sioux, and Mammoth mines, 
while large amounts of cerargyrite were taken 
from the Gemini mine. Such ore bodies occur 
filling caves, or in zones of brecciated vein. 
material or country rock adjacent to the original 
ore bodies. 

In structure the original ores are either massive 
or banded, or imitate the texture and color of 
the inclosing rocks. Banded structure, Stru~ture 01 

found in both the igneous and the sedi. original ores. 

mentary rocks, is due to variations in the amount 
of silica deposited. In the deposits in the sedi· 
mentary rocks massive and pseudomorphic struc· 
tures are the more common. 

Contact deposits occur on or directly connected 
with the contact of the igneous rocks 'with lime· 
stone, and are, for the most part, Contact 

replacements of limestone along this depoSits. 

contact. Mineralization has formed great masses 
of siliceous material impregnated with hematite 
and limonite and containing locally small amounts 
of the precious metals. They consist principally 
of jasperoid, or silicified limestone. A typical 
exposure may be seen on the southwest slope of 
Mammoth Peak, neal' the new East rrintic Rail. 
way, where great masses of silicified rock project 
from 15 to 20 feet above the surface. The jasper. 
oid is similar in every respect to the Jasperoid 

cryptocrystalline quartz which occurs repla~ement. 

in the other deposits of the district. It contains 
also spots and small masses of unreplaced lime­
stone and dolomite. It so closely imitates the 
structure of the rock it replaces that fre· 
quently it can be distinguished from the latter 
only by its hardness and its failure to effervesce. 
The contact d~posits always cany a considerable 
amount of hematite and limonite, and in the 
Tintic and Black Stallion iron mines these have 
been found profitable to extract. The iron ore 
of the Tintic iron mine contains about 80 per 
cent of iron oxide, 14 per cent of water, and 3 
per cent of silica, with very small amounts of 
alumina, lime, magnesia, and sulphuric and phos. 
phoric acids. 

:r.UNEltALS OF THE olm Dl<;POSlTH. 

Quartz ........... SiO. 
Chalcedonioo ..... SiOa 
Barioo. . ......... BaS04 

Oaleite . . ......... CaCO. 
Dolomite... .IIJgOO. 
Selenite ........... Ca.80 ,j 

GOJ.1J YIXERALS. 

Native gold ....... ·Au 

SILVER MI:\ERAU;. 

Stephanite ........ Ag.SloS. 
Argentite ......... Ag.S 
Cerargyrite ....... Agct 
Nativel:!ilver ...... Ag 
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LEAD MINERALS. 

Galena ............ PbS 
Anglesite ......... PbSO. 
Cerussite .......... PbCO" 
Minium .. 

COPPER MINERAI,S. 

Enargite. . ...... CU"ARS4 

Tetrahedrite. .. . .. Cn~Sh.S, 
Tennantite ...... ,CusAsS" 
Chalcopyrite ..... CuFeS. 
Bornite ........... 0u,PeS. 
Chalcocite ...... Cu.S 
Olivenite... . ... 0u.As.0,Cu(OH). 
Olinoclasite. . ... Ou.As.0.3Cu(OH). 
Erinite ............ Cu.As.0,20u(OH). 
TyroUte ........... Cu.As.O,20u(OH)a+7H.0 
Chalcophyllite .... 7CnOAs.O •. 14H ,0 
Conichalcite.. . .. (Ou, Ca)3AR 20,. (Cu. Oa)(OHJ.+~H.O 
Chenevixite.. . ... Cu.(FeO) •. As 2 0, +3H.O 
Lettsolllite ....... .40uOAI.O.SO •. 8H.0 
Brochantite ....... OUS04' SCu(OH). 
Mixlte ............ 20CllO.Bi.0.''i.'\.s.0 •. 22H,0 
Chrysocolla . . .CuSiO.+2H.O 
:Malachite ......... cueo •. Oll(OH)~ 
Azurite.. . .20uOO •. CU(OH)2 
Melaconite. . ... CuO 
Cuprite.. . .. 0u,O 
Nati\'e copper .... Ou 

IRON MIXERAJ,S. 

Pyrite... . ... 1~eS2 
Scorodite ........ FeAs0 4 +2H,O 
Pha.rmacosiderite. 6FeAs04.2Fe(OH)a+12H20 
Jarosite .......... K.03Fc.O •. 4S04 " (lH,O 
Utahite .......... 3Fe.0., B80 •. 4H.0 
Borickite. . ...... Oa,Fe,(P04 l •. 12Fe(OHl.+6H oO 
Hematite ......... Fo.O" 
Limonite. .2Fe.O".3H.0 

ZINC MIXER,\LS. 

Sphalerite . . ..... ZnS 

BISMUTH MrlS"ERALS 

Nativo bisilluth ... Bi 
Bismutite.. . ... Bi.O.CO.H.O 

SUI.PHUIt. 

Native sulphur .... S 

Qu,artz is always present in these deposits, fre· 
quently occurring in great masses in the lime­
stone, but with so little of the metallic minerals 
as to be or no commercial value. It occurs either 
in crystals or erystalline masses deposited in open 
spaces or in cryptocrystalline masses replacing the 
country rock; it has been deposited at various 
intervals during the mineralization, and has also 
been found as a secondary deposit formed subse· 
quently to the oxidation. Microscopically the 
individual crystals frequently show enlargement. 
Cases have been observed where the quartz lines 
cavities in galena, and on the walls; it has been 
found coated with barite, to which, in turn, 
younger quartz crystals cling. Quartz which was 
plainly more recent than the oxidation has been 
seen coating crystaL~ of calcite and the J'Ough 
surfaces of copper carhonates. The cryptocrys. 
tal1ine masses of silica which replace the lime· 
stone preserve its texture and color and often 
contain irregular patches of carbonate of lime or 
magnesia. Chalcedonite is, on the whole, rare. 
It occurs in intimate association WIth the quartz, 
but can not be distinguished from it without the 
aid of a microscope. 

Ba-rite, next in importance to quartz, was one 
of the earliest minerals to form in the deposits in 
the sedimentary rocks j it is quite generally dis· 
tributed through them. In the Carissa mine it 
forms a nearly solid body almost 25 feet wide, 40 
or more feet long, and 50 feet in vertical extent. 

Oalr:ite and aolom-ite form residual spots and 
irreglllar patches throughout the cryptocrystalline 
quartz representing, pl'esumably, unreplaced POI" 

tions of the country rock. There has also been 
much secondary calcite deposited in open spaces, 
whatever be the nature of the inclosing rock. In 
frequent instances oxidized ores are found coated 
with calcite. 

Belen-ite forms as the result of the oxidation of 
the sulphide ores in the presence of the limestone 
country rock. 

Gold, on account either of its finely divided 
state or of its chemical combination, is rarely 
revealed by panning. The richest gold ores inva. 
riably contain a large amount of barite in minute 
crystals. Telkuium has been found in the ores, 
but it is not certain that the gold was originally 
1;111 in the form of telluride of gold j some may 
have been associated or combined with the large 
amount of pyrite which originally existed in the 
ore. 

A1'[Jentite and 8tepha'l/,-ite occur occasionally as 
minute grains or crystalline inclusions in the 
galena ore. OeJ'((;l'gy-rite, or horn 8ilvel', forms 
films and crystals coating the fragments of vein 
or country rock. In the oxidized zones of all the 

mines horn silver is constantly found. In the I Olwysooolla, varying in color from blue to 
Centennial-Eureka and Gemini mines large masses, green, occurs abundantly in irregular masses in 
of ore have been mined for their silver content decomposed vein material and country rock. It 
only. Native silver, which has never been a results from a decomposition of all the copper 
common mineral, is seen only in greatly decom· minerals mentioned above. 
posed portions of the ore bodies neal' the surface. Malaclrite, occurring in crystals and amorphous 

Galena and its oxidation products, cerus8ite and masses, is abundant as the result of the decompo. 
anglef.JUe, are the most abundant metallic minerals sition of the hydrous arsenates and arseniates, 
of the Tintic deposits. In the Uncle Sam mine especially of olivenite and c1inoclasite. 
hundreds of tons of ore have been mined which Azurite, which is not so abundant as malachite, 
carry 75 per cent of lead and little or no other is commonly found in crystals attached to solid 
metallic minerals. It occurs in irregular masses masses of cappel' sulphides. It is highly prob. 
associated with pyrite, zinc blende, and quartz. able that malachite is the result of the oxidation 
[n the Centennial-Eureka mine it is seen to form of sulpharsenides, and azurite of sulphides of 
the snen of an ore shoot the center of which is copper. Their occurrence indicates the former 
composed of enargite and galena. Its association presence of enargite and tennantite in the one 
with quartz and pyrite proves it to be one of the ca-se, and of chalcopyrite and tetl'ahedrite in the 
earliest·formed minerals. other. 

Anglesite, a rather uncommon, colorless mineral, 
has formed in the cavities in the galena as the 
result of the decomposition of the latter. 

Oerussite is the most common form of lead ore. 
It occurs in aggregations of crystals as well as in 
irregular masses without crystalline form. It is 
mixed with quartz and jasperoid, and fills cracks 
and crevices in the vein material and country 
rock. 

Miniwm, resulting from the decomposition of 
other minerals, is occasionally seen. 

Enr6rgite is found most frequently in the lower 
levels of the deep mines and in a few of the mines 
in igneous rocks near Diamond City. Specimens 
from the Homestake mine show crystals of enar· 
gite fully one·half inch in length. The minerals 
observed in the sedimentary rocks are in crypto. 
crystalline masses which are iiI ways coated with 
oxidation products and sometimes contain chal· 
copyrite. 

Ohalcocite, like bornite, is an uncommon min. 
eral and resul ts from the decomposition of tetra· 
hedrite, chalcopyrite, or possibly bornite. 

Olimenite, one of the first products of the oxida. 
tion of enargite, occurs in hair· like crystals, which 
shade from pale to dark olive.green, and also in 
compact, fibrous, wood·brown masses. It forms 
around masses of enargite, or lines cavities in 
altered limestone. It is often coated with other 
copper minerals, with calcite, or even with quartz. 

Olinoclasite differs from olivenite by its crystal 
form and its very uniform dark bluish-green color. 
The crystals sometimes produce a rough, shining, 
plated surface, as they frequently group them· 
selves in radial clusters. Its association and mode 
of occurrence are the same as those of olivenite. 

Ijpinite, which is dark emerald.green in color, 
occurs in hair·like groups of crystals lining cavi. 
ties and closely associated with enargite, azurite, 
and clinoclasite. 

Ty-rolite is of a very brilliant green color, inten· 
sified by its mica-like cleavage and radial struc­
ture. 

o Iwlcoph.yllite is found in the form of small 
hexagonal plates arranged in rosettes differing 
from the radial structure described for tyrolite. 
Its color is bright apple.green with pearly luster 
and it has marked cleavage. 

Ohenev-iwite is a compact, greenish, opaque 
mineral scattered in irregular patehes throughout 
portions of 6re that occurs in hard lumps, and 
gives a mottled appearance to a broken surface. 
Its color is olive.green, shading into greenish' yel. 
low after exposure, with little or no luster. 

Oon-ichalcite, in color varying from pistachio. to 
emerald.green, strongly resembles malachite. It 
is reniform and massive, coating surfaces with 
decomposed copper arseniates. 

Lettsornite (oyanot1'ichite), from the Ajax mine, 
occurs in druses, forming a velvety lining of short 
capillary crystals, sometimes like spherica~ glob. 
ules. Its color is a clear smalt·blue, sometimes 
passing into sky.blue. 

Bl'ocha;ntite occurs in two distinct forms: (1) 
in the ordinary form, with prismatic habit, the 
transparent crystals having a dark-green color; (2) 
with curved double wedge.shaped crystals, light 
green in color; the crystals do not exceed 2 or 3 
millimeters in length. 

Mixite occurs in pale bluish.green hair-like crys· 
tals, arranged in radial clusters, and often forming 
a very soft, velvety coating on tabular crystals 
of barite. It is associated with olivenite and bis­
mutite. 

Melaconite, coal·black, without cryst.alline out· 
line, is abundantly present in irregular masses, 
and results from a decomposition of all copper 
minerals except cuprite and native copper. 

OupJ'ite, resulting from the I'eduction of melac· 
onite, is always intimately associated with it, 
merging into it by almost insensible degrees. . 

Native copper in small quantities is found as 
the result of deoxidation in nearly all the mines. 
A specimen from the Boss Tweed showed a mass 
of native copper inclosed by cuprite, and in the 
thin sections the transitions from enaT'gite,oliven. 
ite, malachite, melaconite, and cuprite to metallic 
copper were seen. 

Pyrite is rare in the sedimentary rocks because 
of the thorough oxidation of the deposits. It is 
occasionally seen in the small patches which are 
coated with iron oxide, except where it has 
resulted from the decomposition of copper suI· 
phides. It is certain from the great amount of 
iron oxide now present that pyrite was at one time 
a very abundant mineral. In the igneous rocks, 
where the water level is near ·the surface, the 
pyrite is well preserved and can be seen dissemi· 
nated thrOllghout the veins and impregnating the 
country rock near them. It also occurs frequently 
in large lens.shaped bodies of almost solid pyrite, 
especially near the ground.water le\.-'el. 

Bcol'Od-ite occurs in crystals varying from lake· 
green to olive.brown; it is amorphous and earthy. 

Ph((;l'macos{derite is found in brown cubic 
crystals attached to rusty qual'tz. In color it is 
straw·yellow and pale green. The crystals are so 
small that it is often overlooked or confounded 
with jarosite and sCOl'odite. 

J((;I'o8ite occurs in druses of minute crystals-in 
clusters or as an incrustation. In color it is 
yellow or clove·brown. 

Utahite forms in fine orange.yellow scales 
which have a soft, silky lustre. It is found in the 
Eureka Hill, Bullion-Beck, Mammoth, and Ajax 
mines ... 

BO'l'ickite is a compact, massive mineral with. 
out cleavage. Its lustre is waxy and its color 
reddish brown. 

Hematite and limonite are common to the oxi· 
dation zones of all the deposits. They result 
from the alteration of pyrite, and, to a small 
extent, from the decomposition of other eopper 
minerals which contain iron. Neither limonite 
nor hematite were originally deposited as such, it 
lli thought, except possibly in the contact deposits 
in the 'rintic iron mine. They occur in irregular 
masses and in minute particles in all portions of 
the oxidized zone. In the Ajax mine a large cave 
was found across which extended at various 
angles hollow diamond.shaped rods of limonite 
from which hung stalactites. The form of the 
open space in the rod and an occasional corroded 
mass of gypsum showed that the cave must have 
been crossed by numerous long, slender crystals 
of the latter mineral. 

Sphalel'ite, or zinc blende, was found in the 
Swansea mines in' association with pyrite and 
and galent!-. It is an original mineral which,has 
been but little altered. It is usually without 
crystalline outline, is resinous yellow in color, 
and shows characteristic cleavage. 

Native bismutk, in very delicate crystals, was 
found in the Emerald and Boss Tweed mines in 

fresh limestone apart from any known 
ore or vein. On account of the smallness 
of the crystals .its determination rests upon analy­
sis. 



IJismutUd is associated almost exclusively with 
quartz and barite. It is a grayish straw·colored 
mineral without crystalline form. 

Native 8'/Up!IJI.u· was found in crystals coating 
cavities in massive galena ore. In the Eureka 
lJill mine some of these crystals, one-eighth of an 
inch in diameter, were nearly perfect. Its mode 
of occurrence, coating cavities and attached to 
known prod ucts of oxidation, indicates its origin 
as a part of that general process. 

Order of t.Uposition.-Microscopic .study shows 
that quartz is formed almost continuously from 
the beginning to the end of the process of miner­
alization, that it frequently replaces limestone, 
and that some of it has been formed subsequent 
to the oxidation. Barite is earlier than the metal­
lio minerals. The metallic minerals were all 
depoBited about- the same time, but later than the 
earliest quartz and the barite. In the Boss 
Tweed mine quartz was found in distinot crystals 
containing hexagonal skeletons of a finely divided 
dark mineral It was also seen in irregular 
masses inclosing malachite and chrysocolla and 
lining druses in soft, decomposed vein material 
and country rock. In the Eureka Hill mine in 
one case quartz was found coated with and coat­
ing both sulphides and oxidation products. In 
another case fine-grained quartz was seen lined 
with coarsely orystalline quartz containing crys­
tals of barite. Upon the latter quartz formed 
subsequently; some or it was highly altered and 
coated with still more recent quartz. Quartz 
pseudomorphic after caloite ocours in the Mam­
moth, Centennial-Eureka, and Bullion-Beck 
mines. 

GEOLOGICAL RELATIONS OF DEPOSITS, 

Rock alte1'ation.-The ohanges in rocks due to 
fissuring and vein formation are either mechanical 
or chemical in their nature_ 

Meohanical alteration in the sedimentary rocks 
has caused the sheeting of the more resistant 
strata, such as quartzites, and the brec-
ciation or the limestone and dolomite. ~ty=:!~:~ 
An unusual example of brecciation rock •• 

found in the Mammoth mine is locally known as 
If the dike." It is a large mass of greatly brec­
ciated limestone which can be traced on the sur­
face and below it for many hundreds of feet. It 
is of so recent origin that the fragments are with. 
out calcite or secondary mineral cement. 

It is along the channels prodnced by mechan­
ical alteration that the ohemioal changes have 
taken place. Chemical alteration in the sedi­
mentary rocks has affected the walls of the fissures 
by replacing them with silica, galena, and some, 
possibly all, of the other minerals of the vein 
deposits. The commonest change is the substitu­
tion of silica for lime. This process does not 
affect the original structure, texture, or color of 
the rock, but ohemical analysis shows that it 

GENERAL CONCLUSIONS. 

A review of the facts gathered by MeS81's. 
Smith and Tower in their geological study of the 
Tintio special distriot leads to the following 
general oonclusions with regard to the economic 
geology of the diBtrict. 

Ave.-It .BeemB well eBtahliBhed by the evi· 
dence obtained that the original deposition in the 
sedimentary rocks ocourred previous to the erup­
tion of the Igneous rocks, but in the usually oxi­
dized condition of these deposits one can not be 
sure that additional mineralization has not subse­
quently taken place in the sedimentary rooks, 
and possibly at the time of the ore deposition in 
the igneous rooks. There has undoubtedly been 
a later shattering or fissuring of the Secondary 

sedimentary rocks since the formation '1NIlrlnl'. 

of the original fissures, and it may reasonably be 
assumed that this took place at the time of the 
formation of the fissures in the igneous rocks that 
have since beoome mineraI-bearing veins. It is 
noteworthy that the latter have a similarity in 
general direction and relative position to ~he 
older fissure zones. 

The original fissuring in the sedimentary rooks 
is ... umed to be mainly of later date than the 

Tintio BpeoiaJ. 
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changes a rock oontaining '75 per cent carbonate 
of lime to one carrying nearly 85 per cent of silica. 

Mechanical alteration in the igneous rocks has 
been confined almost entirely to the more compact, 
granular rocks, and in no case has a 
large fissure been found. No shearing t:i::!:: 
or granulation of the individual miner. roc • 

als of these rocks,was observed. Chemical alter­
ation is oonfined in these rocks to the few inches 
next to the veins and to the contact of the sedi­
mentary rocks_ It has produced quartz, pyrite, 
and sericite in the wall rocks next to the veins. 
Pyrite occurs both as an impregnation of the 
country rook and as a filling of microscopic oracks. 
Quartz and sericite appear to be the result of the 
alteration of the original rock, the fo~er having 
been seen to replace oertain of the feldspars. 

Ore bodie8 in sedirnentary roc7cs.-The ore bodies 
of the sedimentary rocks are found along nearly 
vertical fractures, and extend into the country 
rock on both sides for from a few inches to more 
than 50 feet. These bodies are extremely irregu. 
lar and are seldom bounded by definite walls, so, 
that the ohange from ore to country rock is vague 
and must be determined either by assay or by the 
hardness of the rock, the silioified limestone being 
invariably harder than the unaltered. 

The ore bodies follow, for the most part, N_-S_ 
fissures, but fissures of all directions have been 
found between N.-B. ore bodies. The ore bodies 
rarely branch or split. When two fissures meet, 
the ore body is usually larger at the intersection 
if the vein continues its course beyond the point 
of intersection than if it departs on the intersect­
ing fissure. 

The'vertioal extent of individual ore bodies is 
rarely more than 200 feet, though a large shoot 
in the Enreka Hill mine has a length Erlent 01 Oft 

of 600 feet, and another in the Mam- bodles_ 

moth mine of 1600 feet. SmaIl horizontal pipes 
are common in all the mines. The longitudinal 
extent of the ore bodies is as variable as the ver­
tioal_ Those bodies which occupy strong frac­
tures having a definite angle with the planes of 
stratifioation are more continuous than those 
which ocour in openings that result from the 
slipping of individual beds on one another. The 
longest observed ore body extends from the Utah 
to the Carissa mine, a distanoe of 5000 feet, while 
in the Bullion-Beok and Gemini there are many 
ore bodies not more than 25 feet long_ 

There appears to be no definite order in the 
distribution of the rioher portions of the ores. 
The smaller ore bodies average higher generally 
than the large ones, and it has also been found 
that the ore is richer where the ore body widens 
at the' intersection of two fissures_ The greatest 
depth of ore mined at the present time is in the 
Bullion-Beck, where the workings have reached 
• depth of 1600 feel (about 4750 feel above Bea 
level). 

folding, for the reason that a great number of the 
fractures cross the bedding at a low angle either 
in strike or in dip. A certain amount 
of slipping on bedding planes may =uf~~ 
have accompanied the folding, but it foldl .. _ 

seems probable that such as caused a buokling or 
bending apart of adjoining strata, sufficient to 
leav.e a. space for the acoumulation of ort', must 
have been caused by later dynamic movement. 
If the assumption is correct that the fissnring in 
the igneous rooks was accompanied by a renewal 
of movement in the fracture zones of the sedi­
mentary rocks, it is probable that the fissures in 
the latter now extend to a considerable depth 
and are not likely to decrease in value with 
depth, exoept as a ohange from enriched oxides 
to sulphides and arsenides, until the fractures 
have passed into the underlying quartzite at the 
bottom of the supposed synolinal basin. 

Grouna.wa.t~ le!,.l.-The remarkable difier· 
ence in the level of the ground water in sedi­
mentary and igneous rocks is signifi- SIKnlficance 

cant, but its interpretation is not in r: var=n 

every respect clear. It is in so far a w= level. 

oonHrmation of the induction that the fissures in 
the sedimentary rocks are the older, since it 
shows that there is no present connection between 

The outcrops of the-ore bodies give no idea of ing the limestone it is probable that there has been 
their size. In the Bullion-Beck mine a ohemical reaction between the components of 
it was said that no ore was encountered ~!:=.dO the vein solutions and the carbonates of lime and 
until the workings reached a depth of onUrop. magnesia of the wall rocks. Deposits forming in 
80 feet_ In the Gemini, ore was struck only preexisting spaces, whether in sedimentary or in 
below the 400-foot level. igneous rocks, may be the result of ohemical pre-

The average value of the ore appears to be cipitation due to loss of temperature or of pressure, 
decreasing, a fact whioh is due rather to the pass- or to changes brought about ill the solutions upon 
iog from the totally oxidized ores, which have mixing with surface waters containing oxygen, 
become richer in the process of oxidation, to the carbonic acid, or organic matter. 
less oxidized, than to an actual decrease in the The structure and composition of the contact 
value of the original ore. deposits indicate a different method of formation_ 

01'8 bodies in igneOWJ roc7cs.-In the igneous It is pro?able that they were formed elatlv. 

rocks the ore bodies vary from a mere seam to comparatlV~y near the surface by ~~fJ:_:f1 
veins 10 feet in width. Their limits are always thermalsprmg8. Of these three forms 
well defined, though clay seams or friction brec- of deposits, those in the sedimentary rooks are the 
cias separating ore from country rock are rare. oldest, as shown by the facts that they are out off 
The most continuous ore body is the Sunbeam by the igneous rocks, that fragments of their vein 
vein, whic~ is 2000 feet long; the majority of materihl are found in the talus, which in some 
the veins are not more than a few hundred feet cases separates the sedimentary from the igneous 
in length. As in the sedimentary rooks, the ore rocks, and that portions of these veins are found 
follows mainly N.-B. or NNE. fissures. The in the contact deposits_ The evidences of the 
veins of parallel and adjacent fractures do not relative age of the deposits in the igneous rocks 
overlap and are generally 90nnected by ore· and those along the contact are not conolusive. 
bearing cross fractures, the cross fissures being Deposits in the igneous rocks are composed of 
barren beyond the intersections. sulphides, while the latter are oxides. The fact 

'fhere is 8 marked banding in the oreB, pro~ that these oxides may have been deriv-ed from 
.duced by -the varying proportions of the minerals. secondary sulphides in the neighboring eruptive 
The bands containing the greatest amount of rocks is suggestive of a more recent age for the 
galena constitute pay shoots. Individual bands contact deposits. 
are sometimes separated by clay seams. The pay Seconrlary dep08its.-In both sedimentary and 
shoots are lens-shaped and without definite pitoh, igneous rooks the surface waters have oxidized 
though their longest axis is usually horizontal. the ore bodies, ~eached the deposits, and rearranged 

While there is a marked decrease in value from the various minerals, forming new chemioal com­
the oxide to the sulphide ores, and the veins are binations among the metals. By this process the 
never large, still there is no good reason for believ- metals have been separated into distinct ore bodies, 
ing that they will ~ot persist to a much greater which occur in open spaces in the vein and country 
depth than that at which they are now worked. rock, made since the original mineralization. In 

Oontact depOBits.-:-In the limestone, along its the sedimentary rooks. these deposits extend to a 
contact with igneous rooks, either monzonite or depth of 1500 feet; in the igneous rocks to 200 
rhyolite, ocour bodies of jasperoid which contain or 800 feet. 
in places sufficient iron to render the ore valuable In this process the pyrite, galena, and enargite 
for fluxing purposes. The most important depos- have been changed to limonite, cerussite, and 
its are, first, the Tintic iron mine, which is situated cerargyrite, respectively. The enargite has passed 
south of Mammoth Mountain, on the oontact of through various forms of hydrous' arsenates and 
Eureka limestone with monzonite; and, second, arseniates into the oxides of copper and native 
those ou the first, ridge east of Mammoth Moun- copper. The alteration has been effected by sur­
tain, just beyond the border of the area mapped, face waters oa.rrying atmospherio oxygen, organic 
along the contact of rhyolite and Eureka lime. matter, chloride of sodium, and phosphOlic and 
stone on whioh is situated the Black Stallion carbonic acid. The separation of the minerals of 
group of mines. The rocks on either side of the the originally complex ore bodies into deposits 
contact have been extensively altered, the altera- containing only one of the various metals is prob­
tion taking the form of replacement of the lime- ably due to differenoe in stability and solubility 
stone, while in the monzonite the feldspar has of the original minerals, though the changes 
been changed to sericite. through which these original minerals have gone 

Orig-inofdtpo8its.-Depositsin the sedimentary have probably been an important factor in the' 
and in the igneous rocks were probably made by final separation. 
ascending heated waters carrying hydrogen-sul­
phide, alkaline sulphides, and arsenical sulphides, 
with some forms of silica, barium, lead, copper, 

GEORGE WARREN TOWER, JR., 
Geologi8t_ 

silver, and gold. Where ore bodies occur repIac- November, 1899. 

them. and those of the igneous rooks. It might eruptions, afforded a great depth of run-off to 
be assumed to indicate that the latter do not surface waters, and hence favored the formation 
extend through these rocks into the lunderlying of caves in the mass of the limestone strata. 
sedimentary rooks; henoe that they ~re likely to Nevertheless, there does not appear to be any 
be found of less extent in depth. definite evidence that the original deposits in 

Contact tUpoBit8.-The contact deposits prob- limestone at Tintio were cave deposits. They are 
ably do not owe their existence solely to the fact mostly replacement deposits, and, in some cases, 
of their occurrence at the contact of Contad de- the filling of open spaces formed by d yuamic 
limestone and igneous rocks, but their :t;t ~":,". movement or fissuring. A large proportion of 
conoentration at the observed points flNllrln&". the actually existing open caves occur 
was probably due to some fissuring which admit- over oxidized ore bodies and evidently ~~ft.t=~ 
ted the mineralizing solutions and from which owe their existence to the settling to :~D~=j.OI 
they spread out into and replaced the adjoining the bottom of the material of a large 
limestone. Further, there does not seem to be ore body. It is well known that in the oxidation 
any final proof that they were originally deposited of a body of sulphides which has replaced lime­
as oxides. It is not improbable that they may stone there is & removal of a certain part of the 
have been deposited 8S sulphides at or near the constituents, and it is possible that the original 
present location of the limonite ores, and, by sulphide replacement was accompanied by a 
the action of thermal springs, have since been slight contraction of the mass. The former is, 
altered to hydrou8 oxides and more or less trans-· however, the more important operation from the 
posed. present point of view. It leaves the mass in a 

Cave deposits.-Cave deposits constitute an porous condition, somewhat in the nature of a 
unusually interesting and importaitt fea.ture of loose aggregation of sand grains, which would be 
the Tintic ore bodies in limestone. The great the less coherent the greater the amount of leach­
elevation of the limestone mass above the bottom ing to which it had been subjected. A shaking 
of the surrounding ·valleys, which must have up of the mountain mass, such as must have 
been even mora marked previous to the igneous acoompanied the formation of what is oalled the 



"dike" in the Mammoth mine, would have 
loosened and canse.d to .ettle to the bottom tbe 
less coherent material, leaving an open space or 
cave above, just as would be occasioned by the 
.haking down of .. nd in a 100881y filled gl ... 
tube. In the cave in the 180().foot level of 'the 
Mammoth mine, for iDstance, portioDs of the ore 
are aoen to be .tilJ. clinging to the roof of the 
cave. Other caves which are now filled by strati· 
fied material are probably of similar though per· 
hape earlier origin, but have been filled by mate· 
rial waohed in from above by downward .• eeping 

watel'B. Hence, where a rich body of oxidized 
ore is found, its continuation should be looked 
for above as well as below, for it is evident that 
where during oxidation there has been a tra.nspo­
sition of valuable metals, it would be downward 
rather than upward, and the distance to which 
they would be carried would bear some relation 
to the relotive solubility of the .ulphates of the 
respective metals. 

.Ji1uflwre ewplm-atio"".-It may be 8BBumed that 
in the future, as has been the case in the past, 
the ore bodies in the sediment8l"y rocks will 

8 

be fonnd to be richer and more extensive than 
those in the igneous rooks. Their secondary 
alteration, and consequent local enrichment, has­
been unusually extensive, and it may naturally 
be expected that when the entirely unaltered 
deposits are reached they will be found to be 
on the average less rich than those that have 
already heeu worked. Still, there is no definite 
evidence that the lower limit of secondary 
enrichment has been reached, and as the valuable 
ore bodies do not always outcrop at the surIace, 
it may well be that present workings have not 

detected all that exist w:ithin the oxidized zone, 
and further explorations may, therefore, prove 
remunerative. 

In depth there seems to be no valid reason to 
expeet that ~e ore bodi .. will be found to he leSs 
extensive or'less continuous than they have been 
in the ground a1ready explored, at least within 
the probable limits of profitable exploitation. 

SAMUEL FRANKLIN EMMONS, 
Geololli8i. 

. January, i900. 
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