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EXPLANATION. 
The Geological Survey is making a geologic: 2. Contours define the forms of slopes. Since I town or natural feature within its limits, and at 'I changed by the development of planes of div1. 

map of the United States, which necessitates the I contolll'S are continuous honzolltal1ines conform-I the sides and corners of each sheet the nallles of sian, so that it splits in one direction, more easily 
preparation of a topographic base map. The iug to the surface of the ground, thefT wind adja;ent s~eets) if pU.blish:d, are pl'int~~. . I t!J:m in others. Thus. a grani~e llla~~ pa.sg luto a 
two are heillg issued together in the forIll of an smoothly about smooth sllrfaces, recede mto all USC8 oj tlu: topollmpltrG shed. - ". Itllll the. and from that lllto a lllwa·sclmt. 
atlas, the parts of which are called folios. Each reentrant angles of ravines, aud project in passing limits of Reale the topographic sheet is an accunde I l'ocft:s.-These compri;,;e all l'(wkR 
folio consists of a topographic base map and about prominences. The relations of contour and 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 fO]"lll a ,'e]"y large 
with explanatory and descriptive texts. I be traced in the map and sketch. Illg the landscape, map III hand, e\'ery character· part the dry land. 

r' , , 3. Contours 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 illYestor or ovmer \\·ho uesires to a1:icertain the water and deposited as gravel, salld, 01' lIl!1Ci, the 
map 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 seuilllellt. Thest' 
of SUI face, c,tlleu 1 ellet, as plauJS) plateaus, valle} s) on a gentle slope one must go fal ther th,lll on a IlJough t or sold; sa, e the englllem pI elimlIlaI) may become hardened into eonglomel'ato, sand­
hIlls, lind moullt,llnS; (2) dlstributlOJl of wateJ) steep slope, ,md therefore contourt; ale f'll apart sm \ e, s III locatlllg loads, ldll\, a) s, and llIlgatwn stone) or shale. ",Yhen the material i~ carrieo. ill 
calle(l aH streMHR, Llkes, and swamps; on gentle Hlopes and ne,lr togethm on Htetp olles dltcheR, pro\Ide educational matelIaI f('1 Rchools solution by the water aHd is deposited witllOllt. 
(3) the of man, c'llled culture) as loads) I For a flat ot gently unduhttmg cuuntly a small wd hottles; and Rer\ e man) of the purpot;es of It ~.he aid ~f life,Jt is call~d a, c~em~ca~ sediment; 
rluho,ul!-l, bound alles, ,illages) and CIties contour mterval is used; fora steep 01 mountam lll,lp fO! ]0(,,11 Iefelence If deposIted WIth the aId of hfe, It Hl called an 

Belaj -All eJe\ atlOlls aJ e llleas11led hom mean ous country a large mten al IS l1eCe~Sal) The THE GEOLOGIC MAP organic sediment. The more important rocks 
Rea.leyel. The heightf; of many points are aceu- ! smallest inten'al LLsed on the atlas sheets of the formed from chemical and organic deIJosits are 
rately <letermineu, and those -which al'e most Geological Suryey is 5 feet. This is llsed fot' The maps representing areal geology show by limestont', ellert, gypSUlll) salt, iron orc, peat, 
important tLre given on the map in figures.: regions like the }iississippi deltlt and the Dismal colot'f; and conventional signs, on the topowaphie lignite, and coaL Anyone of the ahO\~e se(ii­
It is desirable, however, to gi\'e the el:ytl,tion of 1 t':hyalll~). In mappingw'eat mountailll1las~ef'l,like, base map, the distl'ibutiun of rock for·lllatIOns.on lllenta,l):c deposits ~ay be 8epar:~tely f~)]'jned, ~ll' 
all parts of tl~e area mapped, to del\lleate the , thos~ 1Il ColOl:ado, th~ ~lltel'yal H~ay be 2nO feet.. I the Rurface of ~he earth, and the str~tctuT'e.sechon the drfierent mate~tals ltlay he l?tel'l1l:11g1ed III 

horiz()ntal outline, or contoul', of all slopes, aJHl to i For mtermedmte l'eltef contOllr Interva.ls of 10, map Rhows theIr undergrounu relatIOns, as fur as mally -ways, productng a great varwty of rocks. 
indicate their gmile or degree of steepness. This 120, 2i\ :":i0, and 100 feet are used. known, and in such detail as the scale pel'lTritf'l. Sedimentary rocks are usually made lip of 
is done hy linef; connecting points of equal ele\Ta· J)J'(tina[!e.~-\Vatercourses are indicated hy blue KINDS OF ROCKH layers 01' beds which can be easily separated. 
tion above merlll sea-level, the lines being drawn i lines. If the stream flmvs the year round the These layers are called 8tl'aia. Roeks depll,sited 
at l'eglll,H.r \'el,.tieal inte]'val~.. These. lines are I line is drawn unbJ'Oken) .but ~f the chanuel is Ul'y Rocks al'e of many kinds. Tho OI'iginal crust in rSllccess~ve.layers are sai~ to he stratifi~u 
caJle(l coutours, and the umform vertIcal a part of the year the hne IS broken 01' uotted. of the earth was Vl"obably composed of rhe smface of the e::trth IS not fixed, as lt seems 
between eaeh two eon to ill'S is called t.he " \Vherc a stt'eam sinks and reappeal's at the sur· and all other rocks have been to be; it very slowly rises or sinks (H'er wide 
-interIHtl. Contour!-l aud elevations are printed in ,I faee, the supposed underground course is shown them one ,:ay or a~lOther. ,i e~panses, and as it riseH OJ' suhsidesthe s~~re-lines 
brown. by It broken blue line. Lakes, marshes, and other Atmosphenc agenCIes gradually break up tgne· of the ocean are chiwged: areas of tleposlllOn may 

The manner in whICh contours express elova- I bodies of water are also sho,vn ill hlue) by appro- ollsrocks,forlllingsuperficial,ol'slfrfidal,deposits rise ahove the ,vater and become !amI areas) and 
tion, fOl'J)]) and grade j" shown in the following ~I priate conventional signR. of sanu, and gravel. Deposits of this class land arellS may sink below the water and become 
sketell and c01'1'espo]](ling eontour map: Outtu,!'e.-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 ,vere 

railroads, and towns, together ''lith boundarIeS of he:-;t geologIC tane. Ihrough the transportlllg gradually to smk a thousand feet tbe sea would 
to\'\I'nships, counties, and States) aud artificial agencies of streams the surficial materials of all flow over the Atlantic coust and tIle ::Uississippi 
uetails, are printed in black. ages IlIld origins are carried to the sea, where, und Ohio valleys frotH 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 
illg Alaska) is about 1\025,000 square miles. On action~ of the wayes OIl the coast) they form ~e(Ii- ,become un arch~felago., and ,the ocean's ~h()re 
", map with the, scale of 1 mile, to the inch this mentaJ'Y rocks. These are llflllally h.ardened mtn I would traverse W,I,sconsIll, Io\\'a, and ~ansas'.,alld 
would covel' 3,025)000 square inches, and to conglomerate) sa~ustone, shal.e) and lime-ston.e, but extend ~hence to Iexas. l\[ore exte~stve changes 

I 

accommodate it the paperd, imensions, WOUI,d need they may remalll uncollsohdateu an,',l stIll be, than thIS have repeatedly OCCUlTed m the ,pa . ..,t. 
to be about 240 by 180 feet. Each square mile callecl "rocks)l by the geologist, though popularly The chamcter ~f the original s~dime.nts may he 

"'-""::-rT'--'-,, of ground surface would he represented by a kn~wn as ?,ravel) s~nd, ~Tld clay... . changed by chemIcal. and dynamIC actlOn so as to 
square inch of map surface, and ()ne lineal' mile lirom tmle. to tllne 111 geologIC hlt;torj' 19ne- pr~duce meta~orphIC rocks .. In t~e metalllor­
on the ground would be represented by a lineal' OilS. and sedI?-lentary rock~ 11:1\'e .been deeply phlsm .of a se(hm~ntary rock, Just as III the meta~ 

: inch on the map. This relation bet\"een distance bUrled, consolIdated, and raJf;ed agalll aboye the morplllsm of an Igneous roek, the ,m bstances of 

I 
in nature and corresponding distance on the lllap sllrface of. the water. In these processes, thro~gh \~:hic~ it is eomposed lllayenter into new com· 
is called the scale of the map. In this case it is" 1 the agenCIes of pressnre, movement, and chemICal hmatlOns, or lle\\'~ substances may be added. 

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

I 
by a fraction) of whieh the numerator is a length condition they are ~~alled metanWI1Jkic 'l'~ck..'" tary rock becomes crystalline., Su~~h chaugeR 
on the map and the denominator the coJ"t'espond- klJUons '/'o('k8.~rhese are l'()(:ks. wbwh Imye transform sandsto.~e to quartZIte, hmest~)]Je to 
ing length in nature expl'e:~sed in the same unit. couled and consol~dated fr~IIl a hqlJld state. As ma~'ble, and. r~odIfy other rocks acc()l'd~n¥. to 

}'ig. L-ld~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 exp]aI~e~, 8~dlmentary roc~s were their eO~llposItlOn. A system ?f parallel dlnslOn 
scale" 1 mile to an inch" is expresRed hy depOSIted on the (mgllluligneous rocks. lhrough planes IR often produced, whlCh may cross the 

The sketch represents a river valley between Both of these methods are used on the maps the igneollR and sedimentary rocks of an ageR original beds or strata at any angle. Rocks 
two hills. In the foreground is the sea) with a bay the Geological Survey. molten material has from time to time been forced divideu by such planes are ealled slates 01' Sdlists. 
whieh is partly cloRed by.a hooked slmd·bar. On Thl'ee scales are used upwaru to or near the sllrfaee, and there con-I Rocks of any period of the earth's histmy nwy 
eaeh :-.ide of the valley IS a terrace, From the the Geological Survey; the smallest is solidated. vVhen the (~hannels or vents iIlto be more or less altered, but the younger forma-
terraee on the right a hill rises gradul111y, -while intermediate W;oo6' and the largest which this molten material is forced do not tionR have generally escaped ll1:trke<1 metamor· 
from that on the left the grollnd ascends Rteeply correspond approximately to 4 miles, reach the surface, it either consolidates in cracks ~ phism, and the oldest sediments known, though 
ill It precipiee. Contrasted with this preeipice is and 1 mile on the ground to an illch 011 the map. Of fissures cl"Ossing the hedding 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 inch of map sllrface ing dikes, 01' else spreads out between the strata remain essentially unchanged. 

~~:;:,~;;~~t~f :~~~:~o;,e~!u:~: i:k~;~~~~;(\:l:::~~l; ~:;;:~s:~t~h:n~ca~~I::,,:,O:od~(1;~~2r s~~,a:.e :~:~::~ :'~c~~~~.eb~~;~::l c::;t~~18:~;s O\J~t~i:i~~:ir ~.~~~ sa;~;~~;:~e;·;e::d;~':~~::s~~:~::,~,~~::2:;I~~:;':: 
The following expbnation may make clearer the enclosures they cool slowly, and hence aJ'e gener- whether derived from the hreaking up or disinte, 
manner in which contulirs delineate elevation, and on the scale 250~QOO' to al)()ut 16 sqnare miles. aUy of crystalline texture. \Vhen the channels gration of the underlying rockR by atmospheric 
form, and grade: At the bottom of each atlas sheet the scale is reach the surface the lavas oft.en flow out and. build agencies or from glucial action. Surfieial rocks 

1. A contour inuicates approximately a certain expressed in three different ways, one being a up volcanoe~. These lavas cool rapidly in the ail', that are due to disintegmtion are produeed chiefly 
height al)()\'e Rea·le,-e1. In this illustration the graduated line l'epresentiJlg miles and parts of acquiring a glassy or, more often) a partially by the action of ail', water, frost, alJimals, iwd 
contour interval is 50 feet; therefoI'e the con- miles ill English inches, illlotbel' indicating diOl- talline condition, They are uSlHl.lly 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 after the more 
iluove sea·leveL Along the contour at 250 feet lie fraetional scale. surface are called extl'u8h..'e. Explosiye action soluble parts have been leached out, and hence 
all points of the surface 250 feet above sea; and Atla-8 sheet8 a.nd The map is often aecompanies volcanic eruption~) causing are known a..'l l'eflidual products. Roils Ull(] Ruh. 
similaT'ly with any other contour. In the space being published in of convenient size, ejections of dust or aOlh and larger fragments, soils are the most important. Residual accumu· 
between are found all elevations v,.'hich are bounded by parallels and meridians. These materials when consolidated constitute lations are often washed or olown into valleys OJ' 

al)()v(l the and below the l,igher eontouI'. The corresponding fOllr-col'llel'ed portions of ter- bl'eccias) agglomerates, and tuffs. The ash when other' depressions, where they lodge and form 
Thus the contour at 150 feet falls lust below the' ritory are culled qua.dmuyle8. Each Rheet on carried into lakes or seas may become Rt.ratified, deposits that grade into the sedimentary class. 

of the terrace, \"hile that at 200 feet lies the scale of ~50:QlJj) contains one square degree, i. e., a so RS to have the structure of sedimentary rocks. Surficial rocks that are due to glacial action are 
the terrace; therel'ore all points on the degree of latitude hy a degree of longitude; each The age of an igneous rock is often difficult or formed of the products of disintegration, together 

terrace are shown to lH'l more than 150 but less sheet on the scale of 1~00t) eontains one-quarter of impossible to determine. ,"Vhen it cuts across a with bowlders and fragments of rock rubbed from 
than 200 feet ahovE> ~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. TheRe are 
higher hill il'l Rbted to be (71) feet ahove sea; contuinl'l one·sixteellth of a squlll'e def:,l'ree, The and ,,,hen a sedimentary rock is devosited over spread inegularly over the territory ()e(~upied hy 
accordingly the contour at 650 feet sUJ'rounds it. areas of the eorrespomling quadrangles are about it, the igneous rock is the older'. the ice) and form a mixture of clay, pebbles, and 
[n this 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 mlty occur 
numbered. Where this is not possible, certain The atlas sheets, being only parts of one ma.p of forces an igneous rock may be metanlOrpllOsed. as a sheet or he bunched into hJlls aud ridges, 
contours-say every fifth one-are accentuated the United States, are laid out without regard to The alteration may involve only a rearrangement forming moraines, drumlins, and other special 
and numbered; the height~ of others may then the boundary lines of the States, counties, or town- of its minute particles 01' it may he accompanied forms. Much of this mixed material was waRhed 
be l1scertained hy counting up or down from a ships. To each sheet, Rnd to the quadrangle it by a change in chemical and mineralogic composi- away from the ice, assorted by water) and rede­
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 sediment.ary 
deposits. Some of this glacial wash \vas deposited 
in tunnels and channels in the ice, and forms char­
acteristic ridges and mounds of sand and gra.vel, 
known as osars, or eskers, all(l kames. The 
material deposited by the ice is called glacial 
drift; that washed fmm the ice onto the adjncent 
lalld is called modified drift. It is mual also to 
class as surficial rocks the deposits of tlle sea and 
of lakes and rivers that were made fl,t the same 
time as the ice deposit. 

AGES OF ROCKS. 

Hocks are further distinguished according to 
their relative agel'l, for tIley were not formed all 
at one time, hut from age to age in the etl,l'th's 
history. Classification by age is independent of 
origin; igneolls, sedimentary, and i:llll'ficial rocks 
may be of the same age. 

the Pleistocene and the Archean, are distin. In cliffs, canyonR, shafts, and other nat.ural and 
guished from one another by different patterns, artificial cuttings, the relations of different beds 
made of parallel stmight lines_ Two tints of the to one anotller may be seen. Any cutting whll'h 
verind-color are used: a pale tint (the underpl'int) exhibits those relations is called a 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 representingfol'mations. : earth is the earth's structure, alld a section exhibit­-- ----. - -.-._ .. - -.-- --~---I ing this arrangement is calleu a stf'If(:flll'e section. 
______ . P"'F<I()~ ____ 1>!nW()L.;1 COLOR. The geologist is not limited, 1IoWe\'8r, to the 

Pleistocene .... . . . . . . . . . . . .. P I Any colors. : natural and al'tineifll cuttings for his information 
Neocene {~Vg:~:} ........ ··1 N Buffs. concerning the earth's structure. Knowing the 
Eocene (includi.ng Oligocene) ..... '1 E I Olive-browns. manuel' of the formation of rockR, anil having 
Cret.aceous. .: K Olive-greens traced out the relations among beds on the sur-
Juratrias {~~i~~:lg} . Blue-greens. faee, he can infer their l'elati ve positions after 
~::~~~;~rous (including PCI1uian) •. ! ~ ~i~:~~urples. they pass heneath the surface, dnnv sections 

8iluriall (ineiuding Ordovician) . , '·1 S I· Hed-purples. which represent the stI"llCture of the earth to a 
~~~~!:~~~.. . . .. £ ~!::;~.browns considerahle depth, and construct a diagram 
Archean. A'l Any colors exhibiting what \vouJd be seen in tIle side of a 

\Vhen the predominant material of Ii I'oek mass Each formation is fllt'thermore given a letteI'­
is essentially the same, and it is bounded uJ'rocks symhol of the pedod. In the case of Ii Redimen. 
of different matcl'iulfl, it is ('onvellient to eall the tar), formation of uncertain age the pattern is 

cutting many miles long and several thousand feet 
deep. ThiR IS illustratell in the following figure: 

lllaRS throughout jt!ol ~'xtellt a and such printed on whitegronnd in the eolorof tIle period 
a fOf'matioll is tIle llllit of mapping. to ,,,,hieh the formation is Rll}lpose<l to belong, , 

Se\"era] formatiolls cOlll:liuereu togdher al'e the letter-symbul of the perio(l being omitted. I' b--~~===-~oc?:irs-::s:;,-;;=2~ 
designated a The time taken for the The number and extent of ~urncial formationR 

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 l'Iandstones and shales, which lie in It hori· 
zontal position. These sedimentary strata are 
now high above the sea, forming a plateau, and 
their change of eleyation shows that a portion of 
the earth's mftSS has swelled upwm·d from a 
lower to a higher level. The Rtmt:l. of tIlis set are 
parallel, a relation which is called coliforlfWUlr. 

The second set of formations consists 01 strata 
which form arches and troughs. These strata 
were once eontinuous, but the crests of the arches 
ha\'e been removed hy degradation. The beds, 
like those of the first set, are conformable. 

The horizonta.l strata of the plateau rest upon 
t.he upturneil, eroded edges of the heds of the 
second set at the left of the section_ The OHr-
lying deposits are, from their positions, evidentl): 
younger than the underlying .rormatiOlI~, and the 
bending and degradation of the older stmta must 
ha\Te occurred between the depositiun of the oluer 
beds and the acculllulation of the younger. ,Vhen 
younger st.rata thus reflt upon lW el"Oued ~urfa.ee 
of ohler strata t.he relat.ion hetween t.he two is an 
~I1WOllf()l"rnllble one, and their surface of eontaet is 

deposition of :\ is ealled an epoch, and of the Pleistocene render them so important that, ; 
the time taken for that of a syRtem, or sume to distinguish them from those of other periods of formation~ c01ll:lists of enstal. 
larger fraction of a I:l)'stem, a per£od. The rocks and from the igneous rocks, patterns of dots and line flchists and igneous rocks. At some pVt:'l'iod 

are mapped by forll1ations, and the formationR are circles, p-r:In.ted in any colors, are used: I Fig. 2.-Sketch showing a yertical ~ectioll ill the front of tbe of their history tlJe 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 for its deposition are se;tled. l\b~IY of dIem are certalll~Y Igneou~.· The figure represents a landscape which is cut But this pressure and intruRion of igneow, rocks 
the same name, a~, for instance, Cambrian "\\" hether s~chmentary r~cks are aTlso lllc~IHleJ. ]S I off sharply in t,he foregrollnd by a vertical plaIle I have not affected the overlying strata of the seeond 

system, Cambrian period. not det_erlllllled. The Alchea~ ~ocks, and all meta- that cuts a sectIon so as to show the umlerground set. Thus it is evident that an interval of con Rid-
As sedimentaTT deposits or strata accumulate morphlC rocks of unknown onglll, of whatever age, I relations of the rocks_ erable dUI'a.tion elapsed between the furmatioll 

the younger rest OIl those tlmt are older, and thfl are represented on the maps by pattems consisting The kinds of rock are indicated in the section of the schiRts and the bebrinning of deposition of 
relative ages of the deposits may be diRcovered of short dashes irregularly placed. Tllese are by appropriate Rymhols of lineR, dots, aIHl 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 much variation, but the the sc1lists suffered. metamorphiRm; they were tIle 
tionship holdR 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 
tllI'bance; sometimes ill such regions the disturb· dashes or hachures nmy he arranged in \vavy pm·- sent the commoner kinds of rock. eroded. The contact between the ~econd and 
lwce of the be(1R has been so great that their allellines. If tlle rock is knO\vn to he of sedi- third sets, marking a time iIlterval betweell t\'1;O 
position is reversed, and it is often difficult to mentaryorigin the hachure patterns may be 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 f()8~ilr;, or the l'emainR of plants 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 sheet are 

Strata often contain the reltlains of phutR and pattern. related to the maps as the section in the figure is 
animals which lived in the sea or ·were waRhed Known igneous fOI'matioTls are represented by related to the landscape, The pt·ofiles of the sur-
from the bnd into hI,kes or seas or wel'e buried in patterns of triangles or rhombs printed in any face in the section correspond to the actual slopes 
surficial deposits on the lanc1. Rocks 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 water-bearing 
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 unknowu the letter- measured from the surface by using the scale of 
llistory have to a great t'xtent differed from those symbol consists 01 small letters \yhieh suggest the the map. 
of othel' periodR. Only the simpler kindR of name of the rockR. Colum,lwl'-s6ction Hheet.-This sheet contaius a 
marine life existed when the oldest fossiliferous THE VARIOUS GBOLomC SHEETS. concise description of the rock formations which 
rockH we]'e deposited, Frolll time to time more JIistorical (fwlogy sheet.-This Rheet shows the' 1 occur in the quadrangle. The diagrams and 

complex kinds developed, and as the ~impleJ" 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 forms life became more margin is a legend, which is the key to the map. I relating to the character of the rocks, to the thick-
varied. But during each period there lived pecnl- To ascertain the meaning of any particular colored The plateau in fig. 2 presents to\vard the lower nesses of the formations, and to the order of 
iar forms, \vhich 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 denne the age of uny bed of symbol in the legend, where he will nud the name stituting tl!e ~lope-s, ILS shown at the extreme le-ft ing heading, aud their characters are indicated in 
rock in which they are found. Other types and description 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 Rhould lie The broad helt 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 figm'cs whit·h 
the time of the oldest fossiliferou~ rocks to the noted, when tlle an'as on the map corresponding correspond to heds of sandstone that rise to the state tIle least and greatest mea~urelllents_ The 
present. . in color and pattern may be traced out. surface. The upturned edges of these beds form average thickness of each formation is showlI in 

"\Vhen two formationR are remote one from the The legend is also a partial statement of t.he the ridges, and the intermediate valleys follow the column, which is drawn to a scale-usually 
other and it is impossible to observe their relative geologic history. In it the sytnl)()ls and names are the outcrops of limestone and ('alcareous shales. 1000 feet to 1 inch. The order of accumulation 
positions, the chaI'acteristi(~ fossil types fOllnd in arranged, in columnar form, according to the origin ,Vhere the edges of the stra.ta appear at the of the sediments is shown in the columnar arrange­
them may determine which \vas (le-poOlited first. of the forlllations--Rurficial, sedimentary, and surface their thickness can be measured and the ment: the oldest formation is placed at the 

Fossil remains found in the rocks 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, 
area..<l, provinces, and continentR, afrord the most in the order of age, so tal' as kno\vn, the youngest obsenced_ Thus their positions underground can and igneous rocks or other formutions, ·when 
important means for comhiniIlg local histories at the top. be infened. pl'esent., are indicated ill their propel' relations. 
into a general earth history. Economic geology 8l1.eet.~This sheet repl'esents "\Vhen strata which are thus inclined are traced The fOl1nations are combined into systems 

Colol'I:l ((1ul pattel'lls.-To show the l'elati\'e ages the dist.ribution of useful minerals, the occurrence underground in mining, or by inference, it is fre- : which correspond with the periods of g~ol()gic 
of strata, the history of the Redimentary rocks is of al'tesian water, or other facts of economic quentlyobserved that they form troughs or arches, : history. Thus the ages of the rocks are shown, 
didded into periods. The na.mes of the periods interest, sho·wing their relations to the features of such as the Rection shows. But these sandstones, and also the total thickness of each systE'm. 
in propel' order (from nmy to old), \vlth the color topography and to the geologic formations. 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 hent events of uplift and degradat.ion and constitute 
in the table in the next column. The names of geology sheet are shown on this sheet by fainter and folded is regaJ."ded as proof that forces exist iliteIT'uptions of deposition of sediments llwT be 
certain suhdivisionR 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 certain 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 seet-ion 

'1'0 distinguish the sedimentary formations of by Rtrong colors. A symbol for mines is intro- posed of schists which al'e traversed by masses of is accompanied by its namE', a descriptioTI of its 
anyone period from those of another the pattel'l1s duced at each occurrence, accompanied hy the igneous rock. The schists are much eoutol'ted character, and its letter.symhol as used ill the 
for the formations of each period are printed in name of the principal mineral lllined 01' of the and their arrangement underground can not he maps and their legends. 
the appropriate period-color, "\-\lith the exception stone quarried_ inferred. lIenee that portion of the section CHARLES D_ \V ALCOTT, 
of the first (Pleistocene) and the last (Archean). Str1wtWl'e·s8c#on slwet.-This sheet exhibits the delineates what i8 probably true but is not 
The formations of anyone period, excepting relations of the formations beneath the surface. known by observation or well·founded. inference. Revised June, 1897. 

lJiredm'. 



DESCRIPTION OF THE FORT BENTON QUADRANGLE. 

INTRODUCTION. 

General relations.-The Fort Benton quau­
rangle extends in longitude from 110° to 111° 
and in latitude from 47" to 48". It is 
69.25 m~les long from nort~ to south, ~~~~;!:~:~ 
47.36 miles wide, and contams 32'72.7 
square miles. It includes part of Choteau, the 
northwest corner of Fergus, and tbe eastern part 
or Cascade counties, in central Montana. rrhe 
Little Belt Mountains quadrangle adjoins it on the 
south, and the Great Falls quadrangle on the west. 
The greater part of the quadrangle is a nearly flat 
region which forms the western border of the 
Great Plains. The southwest corner is part of 
the Little Belt Range, one of the front ranges of 
the Rocky Mountains. In the center of the quad. 
rangle an isolated group of peaks knmv}l as the 
Highwood Mountains rises above the general level 
of the plains. 

Des(Jription of the plains.-Three·fourths of the 
quadrangle is an open, treeless but grass.covered 
tract that appears almost level, though possessing 
a slight general northward inclination. Between 
the Highwood Mountains and the Missouri River 
ridges and hummocks of glacial sand and gravel 
modify the surface. Sou th of Arrow Creek a nead y 
featureless plain extends to the base of Levd, tree_ 

the Little Belt Range. North of the less plain. 

Missouri River the open plain stretches in unva· 
ried continuity to the Canadian line. The region 
is devoid of marked elevations above its general 
surface, but is deeply etched by the streams which 
traverse it. All the larger streams flow in can· 
yons, the largest being that of the Missouri River, 
which is 400 to 600 feet deep. As a rule, these 
gorges are narrow, with steep walls, and so sharply 
cut that the break in the plain is recognizable ouly 
within a short distance of the canyon brink 

The general aspect of the plains area would be 
monotonous if it were not for the neighboring 
mountain ranges. The scenery along the stream 
courses is, however, sufficiently rugged to be 
picturesque, and along the Missouri HiveI' it is 
especially so. The Great Falls of the Missouri 
River are a few miles west of the limit of the 
quadrangle. Many lateral ravines which incise 
the canyon walls cut the plateau into the peculiar 
topography so commonly called H bad lands." 
Pyramidal and .rounded terrace.d buttes anti 
ridges alternate with deep ravines, while more 
resistant sandstones form balcony ledges and cas· 
tellated piles, with isolated pillars. No finer or 
more picturesque examples of erosion ca"Q be 
found in the State. 

The geology of the plains is as simple and 
broad featured as the topography. The region is 
underlain by sandstones and clay shales, 
which are softer and less consolidated '~~~gf~~e of 

than the older rocks of the mountains, the plaln~. 
The beds are'nearly horizontal, the dip over most 
of the area being but 2° to 3° N., and corres· 
ponding very nearly to the general inclination of 
the surface. The only pronounced flexing or 
faulting recognized is that seen in the walls of 
the Missouri River Canyon. Igneous rocks are 
rare, occurring only about the Highwoods and 
near the Big Bend of the Missouri River, where 
dikes of black basaltic rocks have weathered in 

·relief above the white sandstones and gray shales. 
Over the greater part of the plains area the under· 
lying rocks are concealed by a mantle of glacial 
debris or a thin veneer of stream drift, though the 
cliffs along the streams reveal the rocks. 

Description of the Little Belt Moulitains.-The 
Little Belt Range, only a small nortbern part of 
whicb is within the limits of the quadrangle, is a 
broad, relatively low range forming the eastern 
flank of the mountain region of Montana. It 
trends east ana west, is v.shaped, and ends in a 
sharp point at Judith Gap, east of the Little Belt 
Mountains quadrangle. In general, it shows 
broad, flat summits, is deeply trenched by streams, 
and though picturesque it lacks the ruggedness 
of the main chains of the Rockies. "\Vitbin the 
Fort Benton quadrangle the transition from open 
plain to mountain slope is not abrupt, as there is 
a zone of hilly country between. 

The general structure of the I ... ittle Belt Range 
is that of a wide arch with flat summit and 

steeply inclined sides. In the center of the range I of the throat of a volcano, the dikes which radiate 
the limestones and other stratified rocks are hori· from these centers of activity, and the loose mate· 
zontal, or nearly so, while on the flanks Structure of rials and lava flows of 'which the cones Structure of 

of the mountains they are sharply LheiN{!I:n_ were built. The sedimentary strata ~:o~~!;'n_ 
inclined and dip away from the moun· tains. through which the volcanoes broke up tains. 

tains to the lower plains country. The horizontal and upon which their material,S accumulated are, 
attitude is .... vell shown in t.he rocks of Belt Park, over most of the area, nearly horizontal or inclined 
whereas farther north the mountain masses near gently to the north. These roc.ks belong entirely 
Monarch are formed of blocks of tilted limestones to the Cretaceous system, and denudation has 
dipping northward. Thi.s structure is also seen exposed them over considerable areas within the 
in the walls of Belt Creek, which expose a com· mountain tract. They are generally unaltered 
plete section of the beds from the nearly level except at the immediate contacts with the dikes 
coal seams of Belt and Armington, with dip and in rings or contact zones about the cores of 
increasing south ward, to the core of gneisses and massive rock. In these places they show indura· 
schists south of Monarch. tion and baking, .... vhich about the volcanic cores 

'1'he simple structure of the uplift is, in this at South Peak and Shonkin Creek have completely 
area, mue<h modified by local intrusions of igneous metamorphosed the sediments to dark, flinty horn· 
rock. Where these intrusions form laccoliths the stones, to pink, green, and la\'ender·colored adi· 
stratified rocks are uplifted in local domes, like noles resembling porcelain, or to vitreous quartz. 
those of Tiger Butte and Barker Mountain. In ites. In these altered forms the original bedding 
this \vay the symmetrical distribution of the for· planes are recognizable only in the horizontal 
mations is disturbed. Local areas of younger color banding, as the rocks are shattered by a 
formations are left as inliers in Rynclinal basins, close system of prismatic vertical joints, which 
as may be seen at the head of Dry Arrow Creek, results in their breaking into dicy debris on weath. 
while on the outer flanks of the range the ering. In no case have the sediments been altered 
laccolithie domes bring up the older rocks above to schists. The sedimentary strata formed an 
the general level, as is the case at vVoH Butte. eroded hilly country when the first volcanic erup· 
When eroded these domes show areas of the older tions of the district broke out, as shown at South 
rock as outliers surrounded by younger forma- Peak and elsewhere. That volcanic activity was 
tions. About these domes the dips are steep and intermittent and continued through a long period 
variable, but about the mountain borders, where of time is shown by the relation of the latest 
not disturbed by igneous intl'Uslons, as, for breccias to the general level of the plains about 
instance, north of Monarch, the strata dip at the mountains, for the earlier andesitic eruptions 
angles of 6° to 10° away from the axis of the were succeeded by a period of extensive erosion 
range, the dip becoming gradually less toward the before the basaltic lavas were poured out, as is 
open plains country. Along the foothill tract shown by the occurrence of the latter rocks fill· 
from Uicevi1le to 'V oodhurst this lessening dip is ing deep ravines cut in the earlier rocks, and 
most apparent, since the hard strata cap hilltops resting upon the core rocks of earlier dissected 
whose slope often corresponds to the dip of the centers of activity. 
beds. 'rhese marginal tracts are areas of plana. Nothing no\-\' remains to show the original out· 
tion. "\Vhere protected by a mantle of stream lines of the volcanoes. It is evident that the dif­
drift or "wash," the surface over large areas is a ferent vents were not active at the same time, but 
vel'y uniform inclined plain. Ravines expose represent a sllccession 01 volcanoes following one 
blillfs in which the plain is seen to be cut across another, the ashes and lava flows of later vents 
the edges of the upturned strata of sandstones partially covering those of earlier eruptions, 
and shales, 01' even across folds, leveled off or Drainage.-The Missouri Uiver crosses the 
truncated by the ever.varying water courses. In northern part of the plains and drains the entire 
ot.her areas the strata have a nearly constant dip quadrangle. It is throughout a flowing The river 

away from the mountains, their outcropping edges stream, unaffected by the aridity of this systems. 

forming broad bands, and as the softer shales region. Belt Creek is the largest of the streams 
weal' more rapidly than the sandstones, the sur· heading in the mountain tracts. In some parts of 
face is then an alternation of ridges and hollows, its course the stream bed for short distances is 
with long, gentle slopes in the direction of the dry during the summer months, that is, it is an 
dip. interrupted stream, seeping underground in places, 

De8cription of the Higkwood Mountain-S'.-'l'he The streams originating in the plains, as ,,,ell as a 
Highwood Mountains occupy the center of the majority of those draining the mountain slopes, 
quadrangle aud form a district comprising about are intermittent Atreams, flowing only during the 
300 square miles, distinct in topography and geol. rainy season or the period of melting snow. 'l'he 
ogy from the other parts of the quadrangle. They drainage of the High'woods is radial and COD8e· 
consist of a cluster of peaks standing alone and quent upon the geological structure of the moun· 
rising so abruptly from the flat plains as to pre· tains; that of the Little Belt Range is, in part at 
sent an imposing appearance, though the highest least, independent of geologic structure, and may 
points do not exceed 7600 feet in height, OJ' 4000 be of antecedent origin. The low level of the 
feet above the plains. The group consists of low, Missouri, 600 to 800 feet below the plains, affords 
gently rounded northern summits, gradually ris· such a fall that the stream courses are mostly 
ing southward to higher, sharper forms, and cuI· etched deeply into the plain, but in many cases 
minating in Arrow_and Highwood peaks. High. the present brooks are too small to account for 
wood Gap, a deep cut, separates the mountain the si7.e of the ravines, or coulees, as they are 
group into eastern and western parts. East of the locally called. Many of the mountain creeks 
mountains two isolated buttes rise above the flat become sluggish, meandering water courses, or 
plateau level. The one nearest the mountains, lose their waters entirely through seepage and 
called Palisade Butte, is a dark, pillared mass; evaporation in the plains country. Arrow Creek 
the other, Square Butte, is a mesa whose white combines the several features of the different 
eliffs and pinnac1erl slopes are conspicuous features classes; in its lower course it is, in midsummer, 
for many miles. a chain of pools of bitter alkaline water. Several 

The Highwood Mountains present a striking lakes form conspicuous features of the region 
example of a group of once active volcanoes which north of the Highwoods. With one or two excep· 
have long been extinct and exposed to the erod· tions they occupy hollows in an abandoned river 
ing agencies of denudation, so that they have course-the Shonkin Sag and its continuation. 
been cut down, dissected, and their inner stmc· Theil' waters are bitter and their shores are white 
ture brought to light. '1'he cones built up about with alkaline salts. 
each vent have been greatly eroded, and are no Vegetatlon.-'..r1'he plains are treeless, but geneI" 
longer:recognizahle topographically, but the lava ally well grassed. The borders of the streams 
-flows, scoria, and fragmental materials that formed are fringed with willows, and the larger stream 
these cones, though now reddened and altered, bottoms are covered with groves of cottonwood 
are as readily recognizable as if the eruptions had CPOpiJ.11t8 bal8amffeJ'a and P. amgu8tifolia) and 
but recently ceased. alder. The mountain slopes above 5000 feet are 

As a result of dissection hy long.continued ero- covered with forests of pine -mostly P inu8 mwr· 
'Sian, the mountains now show masses of granular 1'ayana, the lodgepole pine. 
crystalline rock 'representing the cones or filling Climate.-The region is subject :0 extremes of 

heat and cold, varying greatly, of course, with the 
altitude. The annual rainfall is from 13 to 20 
inches, being greatest in the mountains; June and 
October are the rainy monUls. The snowfall is 
heavy and the mountain tracts are well watered. 
Agriculture is therefore confined to the foothills 
and stream bottoms, except ,,,,'here irrigation is 
possible. 

Uulture.-Fort Benton, the town from which 
the quadrangle is named, is the oldest settlement. 
It was formerly important as the head of naviga. 
tion upon the Missouri niver, and is now a dis· 
tributing center for a large area of sparsely settled 
country. The Great Northern Railway (Montana 
Central) crosses the plains in the northwestern cor· 
ner Ot the quadrangle, to the north of the Missouri 
River, and a branch line of the railroad, running 
from Great Falls to Neihart, is the outlet for the 
coal mines at Belt and Armington, and for the 
silver mines of the Little llelt Mountains. Stage 
lines to the Judith region tru.vel'se the plains, 
passing through a number of minor settlements. 
The greater part of the plains country is de\Toted 
to stock raising. 

&enery.-The great limestone cliffs and the 
"sluice·box" canyon of Belt Creek (between 
Logging Creek and Riceville), the fantastic sculp. 
turing of Square Butte and the adjacent bad lands 
of Arrow Creek, and the weird monuments of 
erosion along the canyon of the Missouri River 
near Eagle Creek are the most remarkable scenic 
features of the region. 

Litemtur8.-Previous puhlications upon the 
geology of the region are few in number, are 
based upon reconnaissance trips, and treat only of 
particular part.s of the quadrangle. The most 
important papers upon the Little Belt Mountains 
are the following: Relations of the coal of Mon· 
tana to the older rocks, by W. M. Davis; with 
appendixes on Petrography, by W. Lindgren, 
and on Fossils, by R. P. "\Vhitfield: Tenth Census, 
Vol. XV, pp. 6Sl6-737. Notes, by J. S. Newberry: 
Annals New York Acad. Sci., Vo1. III, No.8, 
1884. A detailed description is given by the 
writer in Twentieth Ann. Rept. U. S. Geol. Sur· 
vey, Part III, 1900, pp. 271 et seq., in which the 
petrography is treated by Prof. L. V. Pirsson. 
A brief sketch of the Highwood Mountains and 
their remarkable rocks is given by V,T. Lindgren 
in the report above cited, and by Weed and Pirsson 
in Bul1. Geo1. Soc. America, Vo1. VI, 1895, pp. 
389-422. The geology of the Belt Creek coal 
field is described by the writer in a paper entitled 
Two Montana Coal _Fields, in Bull. Geol. Soc. 
America, Vol. III, 1892, pp. 301-330. 

DESCRIPTION8 OF TIlE ROCKS. 

The rocks, grouped according to age and char· 
acter into various formations, belong to three 
classes, surficial, sedimentary) and igne· Three claues 
ous rocks, whose general distinguishing of rocks. 

characters are noted in the" Explanation" on the 
co,,-er of this folio. The oldest, whose original 
characters have been completely obscured by 
changes of structure and by recrystallization, are 
here set apart as ancient crystalline rocks. 

The geologic map shows that the various rock 
formations- are grouped in an arrangement corres· 
ponding to the three topographic districts of the 
Little Belt, Highwood, and plains areas. The 
older rocks are seen only in the I~ittle Belt Moun· 
tains. The plains area is underlain only by the 
younger, less compact rocks, covered in part by 
a mantle of unconsolidated glacial drift. The 
Highwood Mountains consist of various rocks, of 
volcanic origin, peculiar to this locality. The 
structure also of the formation is different in each 
area. The Little Belt area is part of a broad 
mountaiu uplift modified by local arches due to 
igneous injections. '1'he Highwoods are a group 
of extinct volcanoes, dissected by wind and 
stream, and revealing the various internal as-well 
as the outer structures of the vents. 

ANCIENT CRYSTALLINE ROCKS. 

ROCKS OF THE ARCIlEAN PERIOD, 

G1U-U8e6' and 8chi,sts.-The oldest rocks of the 
region are the gneisses and schists found in the 
mountainous tract between Belt Creek and the Dry 
Fork. They are unconformable with the serli. 



mentary strata which overlie them. They vary I the most conspicuous single group of beds in the I or disseminated through the rock. Buff·colored 
greatly in color, texture, hardness, and composi- ' Little Belt Mountains. It consists of a thickness I sandstones are purer, and are often cross bedded. 
tion, and are well banded, but no The oldest II of 950 to 1000 feet of limestones, which conatio

l 
Some sandstones pass horizontally into Sandstnne 

evidence of sedimentary origin has been rocks. , tute mountain masses near Monarch, ,steep canyon clays, and these and the interbedded !.i~h~r"'~:h_ 
observed. Being, therefore, probably igneous and walls along Belt Creek and the Dry Fork, and' clays are mostly of a reddish or a waterlossils. 

the oldest rocks of the district they are classed as are striking features or the scenery wherever 'I lavender color, containing lumps of yellow 
Archean. They underlie the surface of Belt exposed. Seen from the plains the beds form sandy materia1. At a horizon 140 to 300 feet 
Park, whose gentle northerly inclination corres· great cUr\'ed plates wrapped about the slopes of I above the coal of the Cascade formation the red 
ponds to the surface of the gneisses upon which bare rock. , shales contain bowlders ana lenses of limestone 
quartzite beds rest. Near Barker this old surface The formation contains a very uniform fossil varying from a few inches to a foot or more in 
is steeply inclined to the northeast. The Archean fauna throughout, but may be separated into thickness. 'fhe rock is dense, blue gray in color, 
is a c?mplex. of v~ious rocks .. The most ~b~n. ~ubdivi.sions corresponding to htholog Thlekbedsof ","eathering light buff, and contains numerous 
da:q.t IS a whlte mICaceous gneISS, w~ose fohatlOn lcal chalacters. At the base tl~e strata ~i'=~!t::~;s freslHvater fossils. The sandstone above these 
planes are indistinct, and which IS composed are thin bedded and darker m color fossil-bearing beds is assumed to be the uppermost 
chiefly of quartz and feldspar, with micas decom-i than the upper part of the formation, owing to bed of the formation, giving a total thickness of 
posed to green chlorite and pearly sericite. Inter- the presence of much argillaceous material form- about 300 feet along Belt Creek. 
laminated with the gneiss there is much micaceous ing the Paine shale. The outcrops are frequently Colomdo formation.-The Colomdo formation 
hornblende·schist, whose rusty weathered outcrops stained pale orange or red by iron oxide. In the consists chiefly of leaden-gray shales. The base 
are very conspicuous_ Stringers 01' dikes of white great cliffs along both Belt Creek and the Dry; is not readily separable from the Dakota, as the 
granite (aplite) usually much sheared, cut the Fork the section sho,vs a ribboned structure, due sandstones of that formation become shaly 

tion, but the strata are flexed and disturbed, while 
the species identified are forms commonly found 
in the Laramie. The beds on Arrow Creek and 
Missouri River are clearly capped by a conform­
ahle series of marine beds, 2000 feet in thickness, 
which are, in turn, overlain by the Laramie east 
of the quadrangle. 

.. ,:lIontana J'ormation.-rfhe Montana formation 
is composed principally of leaden-gray clay shales 
which are much like those of the under. Gray da 

lying Colorado. r1'he formation con- i!:::bed!~~ 
tains much sandstone interbedded with sandstone. 

the shale in the Highwood Mountains, but along 
the MissoUl'i River is a very uniform series of 
drab·colored clays whose fossil remains are of 
Montana type. The subdivisions of the Montana 
recognized farther east are not found here, and 
it is doubtful whether the top of the formation 
exists within the limits of the Fort l~enton quad­
rangle_ 

gneiss, and veins of white or rose-colored quartz to differences of weathering, tbe harder and more toward the top and alternate ill thin layers with SURFICIAL ROCKS. 
are not uncommon. . Some of the rocks are massive beds of the Woodhurst limestone pro- 'the dark clay shales of the Colorado formation. 
undoubtedly of igneous origin, hut are sheared jecting in relief. The massive, heavy beds of The Colorado comprises two formations, pre- ROOKS 01<' 1'0ST-OltETACEOUS (TERTIARY?) AGE. 

and metamorphosed. the Castle limestone at the top of the formation viously distinguished as the Benton shale and the 8ta1J/'ord conglomerate.-The Stanford conglom. 
SEDIMENTARY ROCKS. are well exposed in the "sluice-box" canyon of Niohrara limestone. The former is typi('ally erate is the name applied to a conglomerate 

ROCKS OF THE CAMBRLiN PEHIOD. 
Belt Creek, and general1y in the "gate"ways" developed about the town from which it is named; found in the very prominent hills rising above 
where streams leave the mountains. the latter is also a shale formation in this quad. the fiat prairie neal' that town. The rock is a 

BarkeI' f01'1natlon_-The oldest sedimentary Quadrantj'ol'lnatioll.-Within the limits of tllis rangle, but contains limestone concretions. Along, conglomerate whose pebbles are like those of the 
rocks of the quadrangle form a sequence, collect- quadrangle the Quadrant formation is a variable the northern base of tIle Little Belt ! neighboring stream bed, and come from volcanic 
i\'ely called the Barker formation, as they can not sequence of sandstones, shales, and Range and the Belt coal field, the Ben- ~'i:~;:hles intrusions of tlle Little Belt Range. They are 
be mapped separately on the scale of these sheets_ limestones. The lowest beds are red- ~~~'i~~'!,~~' ton shale consists of alternating strata H;!:~~d not well assorted, but are finely bound in a white, 
They are characterized by fossil remains of mid- dish and yello,"", clayey sandstones, of gYP"um. of gray shale and impure shaly sand- light-buff, 01' earthy·colol'ed cement, and resemble 
dIe Cambrian age. The lowest and oldest bed is often holding interbedded htyers of gypsum and stones, a good section of \"hich is seen jn Belt lake beds. The road east of Stanford crosses a 
the Flathead sandstone, a coarse sandstone, which constituting the Kibbey sandstone_ These are Butte. At this locality and along the south base Hat bench cO\Tered with this conglomerate. 
rests dire(·tly upon the gneisses and is made up of: overlain by the Otter shales holding interbedded of the Highwood Mountains the formation holds Benoh gmvell3.-A part of the plains region 
small pebbles and coarse grains of qnartz and II limestones. The shales al'e dark gray or purplish a 'white ash bed whose rock resembles porcelain north of the Little Belt Range is a nearly fiat, 
feldspar, with occasional pebbles of gneiss. This near the base, becoming a bright coppery-green and breaks into shaly fragments. The sandstone featureless plain, devoid of vegetation and show· 
grades into indurated sandstones, which higher in the sequence. The interbedded lime- over this ash bed contains fish-scale impressions, ing few if any exposures of rock in place. This 
are often so finely cemented, hard, and ~t':,s:~:;:d~~D_ stones are seldom more than a foot or two thick, and 100 feet beneatll it is a sandstone bed v,rbich area is covered by a mantle of local drift, sand, 
den~e as to form a true quartzite. These glomerate. are frequently oolitic, and carry fossils of lower generally holds pebbles of black chert. The Ben- and gravel brought down from the Little Belt 
basal beds are overlain by the Wolsey shale, con- Carboniferous types. The gypsiferous sandstones ton shale is, however, a more homogeneons series at Range by streams, and spread by them over the 
sisting of 125 feet of purple and green micaceous are 153 feet thick near Riceville, and the overly- Fort Benton, and consists of dark-gray shale with region as their courses were shifted from time to 
shales holding small limestone nodules containing ing Otter shales 303 feet thick, giving a total yery thin beds of impure sandstone. It forms time. The gravels consist chiefly of the harder 
fossils, succeeded by the thin-bedded Meagher thickness of 456 feet at this locality. The best steep bluffs along the Missollri Ri\'er, and the rocks, especially the igneous rocks, as they are 
limestones, 110 feet thick, overlain by several exposures noted are seen in the cliffs along Belt beds contain an abundance of shells, sharks' teeth, the most durable. 
hundred ieet of the Park shales and limestone Creek. and other remains of marine life. The upper part 

ROCKS OF THE PLEISTOCEN}: PElUOD. 
conglomerates. Above this there is 140 feet of ROCKS OF THE JURA'L'RIAS I'BRIOD. of the formation also varies in character in differ-
the massively bedded Pilgrim limestone, weather- ellt parts of the quadrangle. 'Vest and south of Gl(f{}ial drift and till.-'l'he entire northern 
ing as a cliff or steep slope and marking the top Elli8formation.-The Ellis formation cOIlsi~ts the Highwood Mountains it consists of dark-gray half of the quadrangle is covered by a nearly con-
of what has been distinguished as the Flathead of a basal limestone, usually but 10 to 25 feet or black shales in beds 50 to 200 feet thick, alter- tinuous sheet of glaciated materials. Neal' the 
formation. Above this the brick-red shales and thick, which grades upward into a con- nating with yellmdsh, rather massively bedded southem limit of the area this forms 
limestones constituting the Dry Creek shale are glomerate that passes into a well- ~:'~~1t~"p.. sandstones_ East and north of these mountains, a well·defined frontal moraine, with a :'~::::l'and 
co\'ered by 100 feet of the Yogo limestone, which indurated granular sandstone, the total ~t~.glomer- along the Missouri River, the rocks are more ulli" . scattered fringe of bowlders, and high rIdges. 

is included in the Gallatin limestone of the Yellow- thickness being 135 feet. The basal form in composition and color, forming a homo- morainal ridges occur south of the Missouri neal' 
stone Park region. The total thickness of the limestone is a very dense, compact, pinki"h-gray geneous series of leaden-gray clay shales, alternat- Fort Benton_ The material is an un assorted mix­
Barker formation averages 800 feet. It is well rock carrying Jurassic fossils. No sharp line ing with arenaceous shales. The former contain ture of sand and gravel in which bowlders of vary­
exposed near Barker and in the broad valley of exists between the limestone and the overlying ovoid limestone concretions, often 2 or 3 feet in iug sizes are irregularly scattered. These bowlders 
Pilgrim Creek as well as in the cliffs north of conglomerate, the rocks grading into each other. length and 1 foot or 2 feet thick, in which com- consist of gneisses, quartzites, and limestones very 
it. The beds are seen at the base of tbe Belt The latter contains fossil fragments and pebbles monly occur fossil remains that ally it with the different from any rocks found within the quad­
Creek cliffs south of Monarch, at Keegan Butte, of limestone and quartzite of various sizes up to well-defined Niobrara of other localities. These rangle in this part of Montana, but identical with 
and at the head of Running Wolf Creek, but as 2 inches in diameter. This rock hreaks into large slJales generally contain much gypsum in disselll- Canadian rocks whose nearest outcrops are oyer 
the rocks are soft and the shales weather easily, rectangular blocks, which cover the slopes beneath ina ted scales and crystals, and the streams draining a hundred miles distant. The finer material is 
the formation is not generally well exposed. the exposUl'es. Upward the conglomerate changes areus where these rocks are exposed are bitter largely derived from the Cretaceous formations of 
HOCKS OJ!' THE SILUnIAN .AND DEVONIAN PERIODS_ gradually into a deep-yellow sandstone, wllicIt \vith alkaline salts. the plains country. In many places a true ground 

weathers reddish and is a prominent horizon Eagleformation.-TheEagleiormatlon,named till is found. The bluffs along the Missouri 
Mona1'cltj'onnation.-The Monarch formation along Belt and Arrow creeks. It is overlain by from its typical exposUl'es along the Missouri near Fort Benton and those of the Teton and 

consists of rocks readily distinguished by their a finer.grained platy sandstone of common type. River about the mouth of Eagle Creek, Whlte~and~ }Iarias rivers show a capping of fine sandy clays, 
colvr and crystalline granular texture from the UOCKS OF THE CRETACEOUS PElUon. consists of a sequence whose most prom- ~!;~:d;:':k- without stratification, seldom containing pebbles, 
limestones above or below them. The greater inent bed is sandstone. The whiteness and blutts. but of remarkably uniform character throughout. 
part of a total thickness of 130 feet con· Dark, fetid Cascade j'orrnati{)n.-The Cascade formation of the formation is in marked contrast to the dark- No attempt has been made to distinguish this 
sists of the dark-colored, usually choco- limestones. consists of alternating beds of sandstones and gray shales above and helow it. The formation loess-like material from the other forms of glacial 
late-brown or bluish.black, Jefferson limestones, shales. The lowest bed of sandstone, 160 feet: consists at the base of thinly laminated sandstones drift. It varies from a few feet to a hundred feet 
which weather with a pitted surface. The rocks thick, is distinguished from the under- Brownlami= I stained light brown by lignitic material, and con· in thickness, and prohably underlies the level 
are finely crystalline on iresh fracture, but show I lying Ellis sandstone by its dull brown- :t"ot~:!.it:- taining concretions and nodular masses of iron plains north of the Missouri River, which stretch 
saccharoidal textUl'e on surfaces exposed to ish colo!', its weathered appearance, and coal. ore. These beds gl'ade upward into a very pure in apparently unbroken continuity to the Canadian 
weathtlring agencies_ The dark color is due to its lamination. Above these sandstones is the white sandstone, which along the Missouri River boundary line. 
organic material, and the rocks give off a fetid coal seam, which in some places occurs neal' the weathers into diffs or steep slopes, \v1th balcony All1l1 .. Jium .. - The river bottoms, more especially 
odor .vhen struck with a hammer. They form top of the formation_ The sandstones lying ledges and striking monumental forms capped by those of the Missouri and the Teton, are occupied 
beds 3 to 5 feet thick, showing block joints and immediately beneath it are impure, micaceous, ironstone masses. This sandstone forms extensive by flood-plain deposits of recent aUu· 
weathering out in layers resembling masonry. and of a lavender tint. rl'he coal seam is from 5 bluffs 75 to 100 feet high_ It is overlain by less villm composed of the fine silt!:!, clays, River silts. 

These beds often show a fine striping, dlIe to to 12 feet thick, but is entirely absent in some shaly sandstones with interbedded lignite seams. and gravels transported by the streams in times 
slight variations in colol'_ Neal' Barker the lower parts of the quadrangle. A inasslvely bedded The total thickness of the formation is 200 feet. of high water and deposited by them. Such 
beds contain light cream-colored masses of coral sandstone that caps the coal seam and forms a Exposures also occur in tlJ6 bluffs of Arrow areas are commonly overgrown by thickets of 
in a brown matrix, the species collected being of sloping table·land over large areas, is taken as the Creek, and northeast of Square Butte, where its wi11mY, or groves of cottonwood trees. 
Devonian age. The Silurian age is supposed to top of the formation. The total thickness on measul'ed thickness is 235 feet. At these locali- IGNEOUS ROCKS. 
be represented in the rocks at the base of the Belt Creek is 520 feet, and at Skull Butte 225 ties the beds are nearly level, or but slightly 
formation. feet. tilted, and their relation to the leaden.gray Colo-

The upper 30 feet of the formation consists of '1'he fossil lea\'es found with the coal seam are rado shales beneath is clearly seen, while on the 
reddish shaIy limestones carrying abundant fossil of lower Cretaceous age, and resemble those of Missouri River similar gray clay shales overlie 
8hell remains, also of Devonian species. This the Kootanie formation of Canada. the formation. At the last locality occur fossil 
formation em braces both the Jefferson and Three- Dakota f()nnatlon.-The Dakota formation con- plant remains that are similar to those Freshmwater 

forks formations of the south~rn part of the State. sists of beds of sandstone alternating with red found in the Belly River beds, a for- fosslls. 

ROCKS OJt TIlE CAI{BONll'EROUS PERIOD. I and gray shales and. clays. Ce~t~in purpl.ish mation found north of the Canadian line. l"resh-
sandstones are of varIable compOSItIon, cal'rymg water shells are found in white sandstone beds in 

Madison limestofl.e.-The Madison limestone is large amounts of purplish and red shale in streaks the High"roods which may represent the forma-

The igneous rocks of the quadrangle present 
considerable di\'ersity of structure and mineral 
eomposition, corresponding to differences in their 
mode of occurrence and cbemical composition. 
They are grouped into extrusive and intrusive 
types, the former occurring in the Highwood 
Mountains only. The rocks are the products of 
two centers of eruptive activity, the Little Belt 
Range and the High wood Mountains. 



III"'O'"" rooks of the Littk Belt Mmuntrdnll.­
The igneous rocks of the Little Belt Mountains 
present many transitional varieties of well-known 
rocks1 and even in the same rock mass they show 
considerable variation in character. For this 
reason the Darning of the rocks forming the 
intruded sheets and masses presents difficulties 
which are partly met by giving local designations 
to the principal varieties of granite-porphyry 
(the commonest rock), while other rocks are 
designated by the names of the groups to which 
they appear most closely related. The rocks of 
the various laccoliths of the range belong to ODe 

well-marked structural type, with slight variations 
in mineral constitution and chemical composition. 
The most common fOlm is a variety of granite­
porphyry to which the name Barker porphyry is 
given. In Steamboat Mountain the rock is a 
diorite-porphyry, but these rocks, while petro. 
graphically distinct, are variations of the same 
kind of magma, and in hand specimens are strik· 
ingly similar and clearly belong to the same type. 

Igneo"s rocks of the Highwood Mountain8.­
The igneous rocks of the High wood Mountains 
are of various kinds and modes of occurrence. 
They are found as massive granular types, filling 
former volcanic conduits in the shape of central 
stocks or cores, such as exist at Highwood, Mid· 
dIe, Shonkin, and East peaks, or in laccoliths, as 
at Square Butte and near Manard Lake in the 
ShonkiD Sag; as porphyritic types in the great 
numbers of dikes which form so striking a geo­
logic feature of the group; as dense, fine.grained 
or slaggy, scoriaceous, amygdaloidal rocks com· 
posing the extruded flows of lava; and as breccias, 
tuffs, and ash beds, which everywhere throughout 
the region give abundant witness of former vol­
canic activity. 

From a petrographical standpoint the rocks are 
of great interest, as they possess many unusual 
features, and some of them are of novel types. 
For purposes of classification in this folio it may 
be said that they are composed chiefly of pyroxene, 
with more or less accessory olivine and mica, 
together with a white feldspathic component 
which is generally orthoclase but is sometimes 
partly nephelit~, sodalite, or other alkali-rich sili· 
cates of similar kind. Sometimes several of these 
latter minerals are present. The proportion of 
the white feldspathic element to that of the dark 
augitic one varies within wide bounds; rocks may 
be found which are composed entirely of the 
former, and there are also intermediate types, with 
passages into those in which augite predominates, 
and these transitions occur alike in the massive 
rocks of the cores, in the dikes, and in the effusive 
lavas. Hence, for purposes of brief description, and 
to avoid too great technicality of classification, it 
is most convenient to divide this group of rocks 
into two classes, those in which the feldspathic 
element predominates, which fall under the 
general family of the syenites, and those in which 
the augite rules, which when fine grained axe o~ 
basaltic character. When the rocks are coarse 
grained and massive a further subdivision is pos· 
sible, the intermediate rocks also being grouped 
together. 

The rocks which occur as intrusive sheets and 
dikes are mapped as tl'achytic rocks, which are 
generally the lighter-colored forms, and as basic 
or basaltic rocks, which are usually much darker 
in color and contain much 19rger amounts of mica, 
hornblende, or augite than the acidic types. 

INTRUSIVES. 

Barks. po,-pWy'y.-The Barker porphyry, 
which petrographic study shows to be a granite· 
porphyry, is a light-colored rock, usually gray or 
pale brown, often weathering reddish. It shows 
large crystals, sometimes an inch across, of ortho· 
clase, with very much more abundant and much 
smaller rectangular sections of pinkish, waxy, 
plagioclase feldspar in a groundmass that is recog­
nizable as finely granular, and is peppered with 
black or dark·brown micas (biotite) and horn· 
blende. The relative abundance of each or both 
of these dark·colored minerals varies somewhat at 
different localities, and even in different parts of 
the same mass. The groundmass consists of 
alkali feldspar and quartz, and the large amount 
of both quartz and orthoclase shows that the 
rock must be classed as a granite-porphyry, 
despite the fact that it has a pronounced andesitic 
look, and has been described by others as horn­
blende·mica-andesite and as dacite. The laceo· 

Fort :Benton-3. 

lithic masiJeB 'of Tiger Butte, Thunder Mountain, 
Tillinghast Mountain, Barker Mountain, and Big 
Baldy Mountain consist of this rock. Each mass 
presents slight local variations in the cb~racter of 
the rock, that of Tillinghast Mountain being a 
granite-syenite-porphyry. At the borders of 
these great laccolithic masses the rocks are finer 
grained, dense, lighter colored, lack the abundance 
of hornblende and mica of the normal rock, and 
show quartz grains. These contact forms are 
rhyolite-porphyries similar to those of the intru· 
sive sheets. 

IJioriteporyhy'l"1J. - The laccolithic mass of 
Steamboat Mountain consists of a diorite-por. 
phyry that closely resembles the Barker porphyry, 
but contains a greater proportion of plagioclase 
feldspar, so that it must be classed as a diorite· 
porphyry. The rock shows the same phenocrysts, 
orthoclase and plagioclase feldspars, hornblende, 
biotite, and iron ore as the Barker porphyry, in a 
microgranitic groundmass of plagioclase and 
orthoclase. 

Syeniteporp"y'l"1J. - The rock of Woodhurst 
Mountain is classed as syenite.porphyry, as it is 
the end of the Y ogo stock. The rock is in appear· 
ance essentially similar to the Barker porphyry, 
but microscopically it contains so little quartz 
that it is no longer a granite-porphyry. The 
intruded sheets of Clendennin Mountain near 
the Barker mines, though mapped under this 
name, are more properly designated as rhyolite. 
porphyry. 

Wolf porphy'l"1J.-This rock is the very typical 
granite-porphyry which forms the intrusive mass 
of Waif Butte and the peak south of i~ as well as 
the mass of Mixes Baldy east of Barker. It is 
easily distinguishable from the Barker variety by 
the large, glassy quartz crystals which lie thickly 
scattered through it. Near the borders of the 
intrusions the rock is finer grained and dense, 
and is then &rhyolite-porphyry (quartz.porphyry). 
The porphyry of Wolf Butte has a white to 
pinkish color when perfectly fresh and unaltered, 
but is usually greenish or rust stained in the 
exposed material. The rock shows large pheno. 
crysts of orthoclase and quartz lying em bedded 
in a groundmass of dense felsitic character. The 
glassy feldspars often weather out in perfect 
crystal forms, sometimes 2 incbes long; the glassy, 
smoky.gray quartzes are smaller, seldom over one· 
fourth of an inch across, are fractured, and break 
into fragments on weathering. This rock itself 
is generally much crackled, and breaks into small, 
irregular lumps on weathering. 

Syenite.-This rock forms the stock or core 
cutting through the sedimentary rocks east of 
Barker. It is a hard and compact, moderately 
coarse.grained granite-like rock, consisting of a 
mixture of pinkish soda-orthoclase feldspar and 
hornblende, in which occasional large imperfect 
crystals of orthoclase sometimes giv~ the rock 
a porphyritic appearance. 

Highwood 8yenite.-The light·colored coarsely 
granular feldspathic rocks of Highwood Peak and 
the neighboring laccoliths are grouped under this 
name. The southern portion of Highwood Peak 
is composed of a very typical syenite. The out­
crops and massive exposures of this rock are 
divided by joint planes into large blocks and 
plates. It has a white color, which varies into 
pale red, brown, or gray tones. It is composed 
almost entirely of alkali feldspars which have 
tabular forms and are in places arranged so as to 
show a fluidal structure, giving the rock a tra­
chytic appearance on a coarse Bcale. Besides the 
feldspars, the rock contains a few little prisms of 
pyroxene and a small quantity of interstitial 
quartz. 

The inner and upper portion of Square Butte 
is composed of a white rock which is a sodalite­
syenite. The mass as a whole has a remarkable 
platy structure, due to contraction on cooling, and 
is divided into huge slabs. The rock is very light 
in color, appearing almost white at a short dis­
tance. It is moderately coarse grained and com· 
posed mainly of alkali feldspars, with more or less 
sodalite of a pale-pink color, through which are 
freely scattered small, slender, glittering black 
prisms of a peculiar hornblende. 

The light-colored platy mass composing the 
summit of Palisade Butte is a rock of a.somewhat 
similar character. 

Monzonite.-This rock, which might be called 
basic syenite, is intermediate in composition 
between syenite and diorite. It is a fairly coarse· 

grained, evenly granular rock, consisting of nearly 
equal parts of orthoclase and plagioclase 'feldspar, 
toget.her with smaller amounts of augite and mica. 
The northern half of Highwood Peak, the great 
core between it and South I)eak, and the massive 
outcrops along the intervening ridges are referable 
to this family of rocks. They" are dark gray in 
color, rather coarse grained, and in appearance 
recall many gabbros and diorites. They are rather 
basic rocks for monzonites, containing a large 
amount of augite, with variable f:\mounts of olivine, 
hornblende, and mica. The white constituent is 
chiefly alkali feldspar, but the rocks contain also 
more or less nephelite and sodalite. Treated with 
hydrochloric acid, the rocks gelatinize readily and 
abundantly, and they also give good reactions for 
chlorine, showing that there is considerable soda­
lite present. 

The great exposures of massive granular rock 
forming the cores near East Peak and at the head 
of Davis Creek, are of a similar character, but 
are believed to contain leucite as an important 
ingredient among the white components. 

Shonkinite.-This name has been given to a 
rock of the syenite family which is very rich in 
augite and contains accessory olivine and black 
mica. The chief white compound is orthoclase, 
and there are varying amounts of nephelite and 
sodalite., though the latter minerals are sometimes 
absent. The rock is granular, and varies in the 
coarseness of its gmin in different localities. The 
dark outer zone of "hoodoos" around the lower 
base of Square Butte is composed of a typical 
form of this rock It forms also the lower por· 
tion or columns of Palisade Butte, and the laccolith 
in the Shonkin Sag, near Mallard Lake. Closely 
related types of it form the massive rock compos· 
ing the intruded stocks or cores at the head of 
Shonkin Creek. The most southern and largest 
of these, the Shonkin Creek core, is at times very 
coarsely granular and resembles many very coarse· 
grained gabbros. These rocks are of very dark 
tones, owing to the abundance of the augite. 

Mit58ourite.-This unique rock, discovered and 
named from its occurrence in the Highwood 
Mountains, has been included with shonkinite in 
mapping. It is coarsely granular, dark gray in 
color, and resembles gabbro in appearance. It 
contains no feldspar, but consists of augite, 
olivine, and leueite, with lesser amounts of biotite, 
magnetite, and analcite. 

TracWyUc dike. a;nd sheetfJ.-In the Little Belt 
Range the dike rocks are mostly rhyolite.porphy. 
ries of various types. The most common type 
seen in the vicinity of Barker is a purplish or 
chocolate·colored rock resembling the Barker por· 
phyry. The rocks are dotted with very small 
white feldspar phenocrysts and slender prisms of 
green hornblende and brown biotite in a dense 
groundmass of quartz and orthoclase. They are 
commonly altered, and are then dull and luster· 
less. The intrusive sheets east of Spring Coulee 
are quartz.diorite-porphyries. 

In the Highwood Mountains the trachytic rocks 
compose a considerable proportion of the dikes 
found in and around the central masses of the 
granular stocks. They are light-colored rocks, of 
light-brown, gray, or green color, in places spotted 
with porphyritic crystals of hornblende, mica, or 
pyroxene, and generally with alkali feldspar. In 
the latter case the feldspars are sometimes present 
as small white dots, at other times as rather large, 
:flat tables. The groundmass of these rocks con· 
sists mainly of alkali feldspar, with variable 
quantities of nephelite and microlites of augite 
and mica, the amount of nephelite sometimes 
present making phonolites of the rocks. 

Ba,altic !likes and sheets.-The dar k·colored 
rocks occurring as intrusive sheets and dikes are 
grouped together under this title, and are shown 
upon the map by one color. In the Little Belt 
Mountains three varieties of rocks are included 
under this heading, viz: minette, vogesite, and 
kersantite, but in some instances the rocks are so 
decomposed that their original character can not 
be determined. 

Minette is found only in intruded sheets and 
in dikes, but occurs rather commonly over the 
whole area. When very fine grained it is dark 
gray to black and has a basaltic appearance. It 
is composed chiefly of orthoclase and black mica, 
and when the grain is moderately coarse the 
abundance of the mica is at once seen and is its 
most striking characteristic. It weathers into a 
dark.green friable rock, which is likely to be folio 

.ted from the parallel arrangement of the mica 
plates. It occurs especially in the form of sheets 
intruded into the thin·bedded horizon. of the 
Cambrian and the Carboniferous. 

Vogesite occurs intruded in the Cambrian shales 
8 miles below Ba.rker, along the banks of Dry 
Fork of Belt Creek. It is a tough rock of gray· 
ish·green color, weathering to a soft crumbly 
forg:l. It is fine grained and holocrystalline in 
structure, composed. of an interlaced mixture of 
hornblende and orthoclase feldspar, and shows no 
phenocryst .. 

Kersantite forms a dike cutting the syenite 
stock east of Barker. It is a dense and dark, 
almost black, rock resembling basalt, and showing 
large quartz grains and scattered feldspar and 
biotite phenocrysts in a groundmass composed of 
plagioclase feldspar. 

Basalts.-These are the fine-grained porphyritic 
or effusive equivalents of the monzonite and shon· 
kinite types of coarse-grained rocks. The basalts 
constitute by far the greater number of the dikes 
and the intruded sheets. When round in these 
occurrences they may be roughly divided into 
three classes, according to the appearaJ?ce of the 
hand specimen. In the first group the rocks are 
black, dense, heavy, and of basaltic appearance. 
They are thickly spotted with well·formed crys· 
tals of basaltic augite, which attain a length of 
several millimeters, and they commonly contain 
smaller crystals of yenow olivine. The dense 
groundmass is made up of minute augites, olivine, 
a little mica, and a variable white feldspathic 
component, largely orthoclase. These rocks pass 
into types which are thickly spotted with small, 
round, white masses consisting, at times, as has 
been shown by analysis, of analcite. 

The basalts of the second type do not carry large 
augites and olivines, but in their place are 
large crystals of black mica, at times a centimeter 
in diameter. Much mica occurs in the ground· 
mass along with the small augites and variable 
white components, highly alkaline, of which ortho· 
clase is the most important. These rocks thus 
constitute transition forms between the first type 
described Bnd a minette. In only a few localities 
have they been found absolutely fresh and 
unaltered; they are generally deeply affected by 
weathering, and appear as soft, dark-green, crum­
bly masses, to which the altered micas lend a 
scaly appearance. 

The third class is composed of those types 
which are not so strongly basaltic in character. 
In. this group the white components are more 
abundant, and the rocks are more thickly spotted 
with the rounded analcite grains, are grayer in 
color, and· are less evidently porphyritic. They 
are analcite·basalts, constituting in fact transition 
forms :from the heavy black basalts in the lighter 
more acid porphyries and phonolites. They make 
up a considerable proportion of the dikes. 

EXTRUSIVES. 

Amk8ite breccia IM!d tu.ffs.-The older light· 
colored extrusive rocks are essentially similar to 
the acidic dike rocks. They are perhaps better 
designated trachyte-andesite breccias. They are 
essentially feldspathic rocks which contain horn­
blende and biotite. They occur as fine-grained 
tuffs, as conglomerates, and as true breccias, are 
generally hard and well cemented and more or 
less altered, so that the decomposed iron.bearing 
minerals stain the rocks a red or brown color. 

BalJalW<J lYreccia,jWws, IJIf1d scoria.-The bulk 
of the Highwood Mountains consists of dark 
basaltic rocks which are extrusive in character 
and represent the lava flows or ejected fragmen· 
tary material from volcanoes. . These rocks pre· 
sent varying colors and textures, but all are 
varieties of analcite·basalt similar to those of the 
dikes. The commonest types are gray rocks 
thickly spotted. with minute analcite grains. The 
massive form is found in the flows which alternate 
with the basic tuffs and breccias on the ridges 
around Lava and Arrow peaks. These basalts 
are abundant on the higher ridges, in the form of 
cellular, scoriaceous, slaggy rocks composing the 
masses of basic flows and breccias. They are 
generally reddened and altered by the action of 
water, which has oxidized the iron·bearing min· 
erals, the augites and olivine, besides filling them 
with amygdules and masses of zeolites, of which 
latter natroHte is the most common. 

Nearly an of these basalts have suffered so 
much in the hydration and alteration of the white 



feldspathic component that it is often impossible I hundred yards from the igneous rock. Two other body of massive rock, about the borders of which side of the laccolith'- This is the prevailing 
to define its exact original nature. It may be ,domes are cut across by the old river course the baked sedimentaries show fine exam vIes of in the Little Belt Range, the fault being on 
safely said, however, that in aU cases they are I known as the Shonkin Sag. The beds underlying contact metamorphism of clay shales and sand- northern monoclinal fold of the range. It is 
probably high alkali basalts, and that common the intrusive mass are seen to be horizontal, while stones, and the igneous mass has also baked and ,vell illustrated at Tiger Butte, at Barker Moun­
basalt Wit. h soda-lime feldspar as the chief compO-I' the beds at the sides are sharply flexed and arch altered the older acidic (andesitic) breccias and tain, and at Steamboat Mountain. The Mixes 
nent of the base \S either very rare or wholly over the igneous rock in a low dome which has later basaltic breccias that form the old cone. Baldy and 'V aU ,Butte masses are not typical 
absent in, the district_ been partly removed by erosion. Such arches in Radiating dikes_-Throughout the Highwood laccoliths, as fracturing is there the prevailing 

horizontal strata are regular, and do not show the Mountains there are seemingly innumerable dikes_ feature of the contact. At Thunder Mountain 
RELATIONS OJ!' nOOK MASSES_ faulting and asymmetry of the domes in the flexed Those shown upon the map have been actually the heaving force of the intrusion was so great 

'rHE ARCHEAN NUCLEUS_ beds of the Little Belt region. located in the field, though in the area north of that only the rocks immediately adjacent to the 
A81jmmetpiodo-mes.-The large intrusive masses the Shonkin Creek core they are too numerous to contact are uptilted. Barker Mountain is an 

which constitute the principal mountain peaks of be indicated upon the map, and each one shown example of an intrtHlion from \vhich the cover 
the Little Belt area are not symmetrical, but show really represents a number. Over seventy dikes has been partly removed, and the smooth, rounded 
a break or faulting in s~me part of the arch. This were counted in a distance of a half mile along southerly slope of the mountain is the surface of 
faulting is always upon the side of the dome near- the ridge between Shonkin Hnd Alder creeks. the laccolith, as yet but little scored by streams. 
est the plains, thus having a constant relation to In the breccia areas these dikes are not recogniz- The mouutain northeast of it is still covered by 

The Archean nucleus of the region is exposed 
only in the southwest part of the quadrangle, 
where it has been disclosed by the degradation 
of the Little Belt uplift. It forms the floor OIl 
which the stratified rocks were laid down. This 
nueleal mass is often the resistant base for numer- the range uplift. The result of this asymmetry able from a distance, as they are like the breccia stratified rocks, horizontal on the summit and 
ous igneous masses intruded between it and the 
sedimentary rocks. 

The Archean rocks all show pronounced band· 
ing and schistosity. The folia lie at steep angles, 
and their dip and direction vary in dif. Schistosity 

ferent parts of the region, though and banding. 

similar for several miles along Belt Creek. The 
bands are not persistent, and heal' no constant 
relation to the overlying rocks. 

STRUCTURAl, RELATIONS oJ" STRATA. 

is that the older rocks, usually.those of the Barker in color and do not weather very differently from dipping steeply away on its slopes, but a branch 
formation, are raised to the same elevation as the that rock. In the light-colored and soit sedimen- of Otter Creek has cut deeply into the heart of 
Madison limestones on the' northern or northeast tary rocks, however, the· soft mica-basalt weathers the mountain on the west and exposed the igne­
·ern side. Thunder Mountain and Barker Moun- rapidly, and dikes of it can be traced by lines of ous core. Steamboat Mountain, south of Big 
tain both show this structure, as may be seen on green vegetation growing on them. The hard Park, Dry 1,V 01£ Creek, is another example of a 
the areal and Structure Section maps. basaltic dikes, on the contrary, resist laccolith just revealed by the erosion of its co\'er. 

Bynclinal basin.-Where two domes occur close weathering better than the stratified ~¥~i:~: of The great dome-sllaped hill neal' Kibbey is 
together the space between forms a trough or rocks and stand out as broken-down believed to represent a laccolith from "",hose 
basin, a good example being the area drained by walls. The dikes, when mapped, are seen to summit the softer shales and sandstones have 
the head waters of Arrow Creek, in the Little Belt }lave a system, and not to be a haphazarded net- been stripped and the massive 1\Iadison limestones 
Range, where the clays and soft shules of the work of injections. In almost every instance cut through by J..Jittle Otter Creek, but the igneous 

Oontaots between gnccessil'e formations. - The Quadrant formation are seen. compass readings show them to radiate from one core is probably still far belO\,v. A similar dome 
sedimentary rocks form an apparently continuous Landslides: blocks of stl'atrt.-Along the :Mis· of the \"arious volcanic rocks. The dikes about is cut through by Dry ,.yoH Creek. A smaller 
and conformable sequence from Cambrian to Creta- souri River there are areas a quarter of a mile or the Shonkin vent are especially numerous and dome, forming the prominent roum~d hill rising 
ceous beds. No well-marked unconformity other less in extent which show beds tilted at angles at notable, being traceable for many miles across the above the open plaills nellr Stanford, called Skull 
than that between the Archean and Unconfo .. m, variance with those of the surrounding strata. open foot slopes north of the mountains. At the Butte, is not yet stripped of its higher, softer 
Barker formations has been recognized ities. These are blocks detached from vlace and thrO\vn contact tllese dikes have, as a rule, narrow bands, beds. 
in the region, though it is known that tllere are I down by landslides-large masses of strata a few inches wide, of altered sedimentary rock. In the eastern part of the Highwood area, tlle 
several gaps in the geologic succession. About loosened by the saturation of the underlying soft Intrusive sneets.-In the Little Belt Mountains earliest volcanic disturbance resulted in the for­
the flanks of the Little Belt Range and the iso- clay shales so that their weight causes them to slide. the sedimentary strata about the larger igneous Illation of laccoliths in the stratified 
lated domes near by, the Paleozoic limestones and STRUCTUltAL RELAtIONS OF THB IGNEOUS ROCKS. masses are intruded by sheets of igneous rocks. rocks. These were greatly denuded ~If,~~~f: 
associated strata dip more steeply than the They occur in various formations, but are especi- before the earliest breccias of the regiOn" laccoliths. 

younger beds, but, as is indicated in the Structure Igneous rocks playa most important part in ally abundant in the shaly strata of the Barker were laid down, and hence may be regarded as 
Section sheet, the border of the range is marked the geologic structure of the mountainous portions formation. These sheets have been intruded the oldest of the igneous rocks of these mountains. 
by a rather gentle fold. of the quadrangle. They occur in various forms along the partings between the sedimentary strata, The Shonkin Sag is cut across two of these lacco-

Low dips 'Imder the plains.-The beds which of intrusive masses, breaking up through the sedi. and conform to them in dip. They are of various liths, excellent sections of which are exposed in 
underlie the plains dip northeast at an angle of mentary rocks as stocks and dikes, or pushing thicknesses, from 1 to 60 or more feet, and are the cliff walls of the sag. Square Butte is a large 
about 3°. This inclination is disturbed by slight apart the strata to make room for themselves as often many miles in extent. A fine example laccolith now entirely stripped of its sedimentary 
warping in different parts of the quadrangle, as, intruded sheets or laccoliths. The Highwoods is seen slong the banks of Dry Fork of Belt cover. The flat summit and upper slopes of the 
for example, by a low dome in the coal field at are, as already stated, largely made up or effusive Creek above Barker, where a sheet of chocolate- butte are formed of sodalite.syenite, a very hard 
Belt, and in several relatively small areas where rocks and ejectments of volcanic eruptions. colored porphyry forms a persistent cliff. In one and resistant rock. The 10\\'er slopes alld base 
the beds are·disturbed by igneous intrusions. Stocks.-The intrusive body of syenite in and place this sheet divides into three parts, sepa- area! avery dark and crumbly shonkinite, which 
About hali of the surface of the plains tract is about which the ore deposits of Barker occur is rated by shale bands. In the Highwood Moun- disintegrates readily and erodes into fantastic 
concealed by drift, so that local flexures may exist probably to be classed as a stock, as it breaks tains intrusive sheets are sometimes found where pinnacles, towers, and grotesque forms, often 
to which no clue is afforded by existing exposures. abruptly up through the other rocks. It is a mile dikes have spread out horizontally along shale called" hoodoos. JJ The borders of Square Butte 

.Dome of tIl(} Little Belt Mountain.s.-The Little or more across, of oval outline, and is composed beds. Intrusive sheets are abundant at Square present some very peculiar and picturesque exam­
Belt Hange is a broad dome·shaped uplift, the entirely of granular rock. The rock forming Butte and at Palisade Butte, where they underlie pIes of erosion. Palisade Butte is a dark, pil-
beds on whose summit are flat or but Little Belt Woodhurst Mountain is the extreme northeast the great mass of igneous rock forming those lared mass, whose slender columns rise abruptly 
gently inclined, while those on the anticline. end of another stock which at this place has tilted hills. above the grassy prairie. It is believed to be the 
flanks of the range are steeply inclined. This the surrounding strata so that the structure is Laccoliths.-A laccolith is a body of igneous core of an eroded laccolith whose outer portions 
dip, which is away from the range, decreases as partly laccolithic in character. rock which has intrLlded itself between sedimen- have all been removed. The pillars, like those 
the distance from the mountains increases, until Volcanio cores.-In the Highwood Mountains tary strata, making room by lifting the over- seen in the section of the Shonkin Sag laccolith, 
it coincides with that of the plains area. The several centers of eruptive activity are recognized lying beds. The laccolith differs from an intru- are normal to the cooling surface, and rest upon 
sman part of the range included within the quad. by the cores of massive rock formed Old volcanic sive sheet by the thickening of the mass into a horizontal beds of sandstone and shale. The 
rangle forms part of the northern side of the of the molten magma that congealed vents_ lenticular body, over which the strata arch. A rocks of this butte are als,o of tlle two types, 
dome, but the simple fold is obscUl'ed by several in the throats of the volcanoes when they became perfectly symmetrical dome-shaped body is the syenite and shonkinite, already noted. Intrusive 
local domes along the side of the arch and imme- extinct. These masses have been exposed by ideal form. The examples in the Little Belt sheets are common accompaniments of these 
diatelyoutside of it. These local domes are So erosion at Highwood, South, East, Shonkin, and Range are not perfectly regular, but have broken bodies. 
large and abundant as to form the most prominent Arrow peaks. At South Peak the fragmental up into higher bedt; at some part of the margin. The product of the earlier eruptions \yas a 
structural feature of the mountains, as they rocks of which the former cone was built are Subsequent erosion has removed the domes over lig?t-colored andesitic t~ff .and breccia. P .... ment .. 1 

modify the general arch and produce several entirely removed, and the root of the old volcano many of these laccoliths and cut deeply into the TillS filled . th~ pre-exlstmg valleys, ~~~!:;s 
troughs, in which areas of tht\ younger rocks are is seen as a core of massive rock intruded in sedi- igneous masses beneath, forming mountains, the greatly lliodlfymg the surface, but was 
surrounded by older ones, as a result of the mentary beds. The aureole of metamorphosed height of "".'h1ch depends upon the amount of itself deeply eroded before the basaltic materials 
general degradation of the region. No folds rocks is not more than a few hundred feet wide, the original uplift and the ·degree of denudation. thrmvn out by later eruptions covered it. The 
belonging to the general uplift ·were seen. Minor and the alteration diminishes rapidly away Laccoliths in various stages of denudation are earlier breccias show rude bedding and assort­
puckerings and faultings-too small to show on from the borelers of the massive rock. The bor- seen in the quadrangle. The Little Belt Moun- ment, \",hile the later ones are mostly chaotic and 
the scale of the map-are common accessories of del' of the core is further marked by a great tain laccoliths occur partly denuded of the sedi- odol"less accumulations of scoriaceous breccia with 
such domes and inten'ening areas. The moun- number of dikes, which generally radiate at right mentary cover, and also in domes where the occasional lava flows. About the borders of the 
tain north of Barker, which projects northward angles to the border, and in most cases do not overarching strata have not been removed or mountain area the breccias show a rude arrange· 
beyond the general border of the range, is another penetrate the massive core rock. igneous rock exposed, though the structure leaves ment. The nature of these rocks show that the 
such uplift, and its fold merges with the folds Highwood Peak, the loftiest summit of the I no doubt as to its presence. eruptions were violently explosive. 
near it. mountains, is formed of a mass of breccias, with The laccoliths of the Little Belt Range are all .As8ociation of the igneous J'ocks.-In the High. 

Quaquaversal domes.-Skull Butte and the a central core of two kinds of massive rock, both in a plicated region. The uplift and folding of wood laccoliths and at Highwood Peak masses of 
Woodhurst and Kibbey domes are symmetrical of coarse grain but very unlike in appearance. : this tract to form the range favored the High\vood syenite and basic rocks occur together. 
uplifts, with the beds fbt on the sum- Domesprobo At East Peak the coarse-grained rock is seen i intrllsion of such igneous masses in the fi:{%~~~~O At the latter loculity the two Jorms are quartz-
mit and dippjng away from the ceuter, ~~I.'icli~co~ intrusive in the basaltic breccias, the younger spring of the arches and the saddles. :1~:s~flacco1 syenite and monzonite. At Square Butte it is 
at angles of 18° to 20°, one very side. origin. fragmental rocks. Lateral pressure acting upon the massive sodalite-syenite and shonkinite. The relations of 
No igneous rocks are exposed, but the arching is At the Shonkin Creek core, and those masses heds of limestone overcame the weight of the strata I: these dissimilar rocks is beautifully -illustrated in 
probably due to concealed central cores of igneous near by, the granular rocks vary greatly in to a great extent, and the Cambrian shales offered the Shonkin Sag laccolith. The walls of the 
material. Structural domes due to laccolithic appearance, in coarseness of grain, and in form of an easy plane of parting. These conditions favored' Shonkin Sag show sections cut through two of 
intrusions also occur in the eastern end of the weathering. They are all dark·colored basic the injection of intrusive igneous sheets, both in these lenticular intrusions, disclosing the abrupt 
Highwood Mountains, Square and Palisade buttes rocks, coarsely granular to the eye. The Shonkin these shales and at higller horizons where the beds folding of the beds about them, and exposing the 
being surrounded by tilted beds of sandstone dip. Volcano, though the youngest vent, is weE dis- if not actually split apart by lateral pressure were sheets-·which rnn out from the main intrusion 
ping away, at 20° to 30°, from the buttes. The sected by the deep ravine8 that score this part of certainly under stress and yielded readily to the and whose outcropping edges are traceable for 
deep-cut, lateral ravines about these elevations the mountains. The throat of the volcano is hydrostatic pressure of the lava. As these folds many miles- intruded between the beds of sand· 
show that tilting occurs only about the borders filled with a tumultuous mass of blocks cemented preceded the intrusions, a symmetrical laccolith stone and shale. The top of the northern lacco­
of a mass of igneous rock, the beds resuming by a finer-grained rock which is itself cut by is unusual, since the fold ",vould occasion a line of lith has been partly bared by erosion, presenting 
their normal nearly horizontal position a few dikes. The vent is at the south end of a large weakness which would develop into a fault on a broad, gently rounded surface which is deeply 



cut at one or two places by stream gorges, show· I ness of many thousand feet o£ shal1ow·,vater beds 
ing the internal features of the mass. The section were deposited. This was followed by an uplift 
thus presented shows that the liquid rock cooled I that raised the entire Belt Mountain area above 
rapidly about the borders of the main body and i the sea, as is shown by ali absence of rocks of 
in the intrusive sheets, consolidating as analcite- lower Cambrian age, and also by an unconformity 
basalt. In the center, however, where DIfferentia. 01 the succeeding formation upon the previo:usly 

emerging land, the impure limestones carrying 
more and more siliceous sand; the last·formed 
beds consist of a mass of comminuted wave·worD 
shells and sand grains held in calcareous cement. 

CRETACEOUS PERIOD. 

like mass similar to that of Thunder Mountain 
was driven up through the sedimentary rocks. 
These intrusions, so far as can be determined, did 
not reach the surface, but cooled as great masses 
beneath the cover o£ sediments. 

During this or some later period not definitely 
determinable, the Highwood Mountains area 
became the center of volcanic activity. The lac· 
coliths of Square Butte, Palisade Butte, and the 
Shonkin Sag were formed, and somewhat later 
active volcanic action began. Cones of fragmental 
rocks ejected from the vents were built, lavas 
were poured out, and the region was cracked and 
fissured, the cavities being fined with molten 
rock. That this continued for a considerable 
period is certain, for the earlier vents now seen 
at Middle and Highwood peaks were denuded 
and stripped of their fragmental \"oleanic rocks 
before the more recent basaltic lavas seen to.day 
w'ere accumulated. 

cooling took place more slowly, the ~~oO~i~~the deposited strata. '1'he Algonkian rocks are not Early Cretaceous lowlands.-At this epoch the 
region emerged from the sea, forming a tract of 
low.lying land with shallow lakes or estuaries and 
swampy areas in which a luxuriant vegetation of 
ferns and rushes furnished the material for the 
beds of coal now so extensively mined. 

magma differentiated into two very magmll. found exposed in the limits of this quadrangle, 
unlike portions, and consolidated in two very dis· though they constitute the nucleal core of the 
similar, coarsely granular rocks. The central core Little Belt Range and cover large areas in the 
is composed of a syenite consisting chiefly of light. adjacent quadrangle to the south. 
colored minerals, mainly feldspar. This is sur· 
rounded by a darker rock composed of the darker 
and heavier iron· bearing minerals, augite, mica, 
and olivine, with a small amount of feldspar and 
its allied minerals. This differentiation is more 
strikingly illustrated in the large flat.topped 
mountain mass named Square Butte, which forms 
the extreme eastern member of the Highv\I'ood 
group. 

UELATIONS 01<' POST·CRETACEOUS Elms TO 

TOPOGRAPHY. 

The post·Cretaceous beds rest upon the eroded 
sUl'faces of the older rocks. The Stanford forma­
tion, of which only isolated fragments now remain, 
caps hills and interstrearn terraces which owe their 
prominence to the protection afforded by the 
Stanford rocks during the degradation of the 
region. The bench gravels form a usually thin 
veneer over the tenaces of local streams, and 
also fill minor depressions in the plain. The level 
character of the area covered by the gravels is, 
however, the result of a planing down of the 
region by streams. 

The glacial gravels, tills, and silts lie upon a 
surface as uneven as that of the unglaciated plains 

area s~en. at the present day. They fill ~1:C~e:fe!~neg 
pre.exIstlllg hollows and stream beds, r;laclaldepos. 
and the resulting surface is a rolling ts. 
plain. The southern part of the glacial drift 
area shows well·marked terminal moraines or 
ridges, and the extreme limit is generally marked 
by an abandoned river channel (the Shonkin Sag) 
'\"hose course is trans'\"erse to the present drainage. 
The morainal heaping along its northern border 
is, however, not continuous enough to deflect the 
present drainage. North of the :Missouri lUver 
the present topography is wholly glacial in char· 
acter and the drainage is dependant upon it. A 
narrow ridge, in places but a few yards wide, 
deflects the Teton River, so that instead of 
entering the Missouri River near Fort Benton it 
empties into the Marias River near the mouth 
of that stream. The alluvial deposits fill the 
present stream hollows, and therefore rest upon 
the eroded surface of all earlier rocks. 

HISTORICAL GEOLOGY. 

The quadrangle presents a wide diversity of 
rock types, whose lithologic characters, structure, 
and chemical composition indicate a varying man· 
ner of formation. The fossils found in the sedi· 
mentary beds show that although the stratified 
rocks are seemingly conformable and the result 
of continuous deposition, yet such is really not 
the case, and that the area was from earliest geo· 
logic times subject to oscillations of level, by 
which it was alternately submerged beneath the 
ancient seas or elevated above them, until the final 
continental elevation drained the entire region of 
the Great Plains. Since that time unceasing ero­
sion has removed many thousand feet of the 
softer, newer beds, remnants of which are seen in 
the Highwood Mountains ·where the sediments 
have been preserved beneath a covering of lavas, 
or baked by them into hard, resistant forms. 
Theil' presence shows the extent of the long­
continued period of erosion. 

PRE-CAMBRIAN LA1(D. 

PALEOZOIC SUmillRGENCE. 

Middle Cambria.n transgre8slan-A gradual 
depression of the region, ,,,ith a widespread trans· 
gression of the sea and the formation of a beach 
deposit of conglomerates and sandstone, marked 
the beginning of middle Cambrian time. The 
subsidence was gradual, for the basal 
sandstones are widespread, and the ~h~~~~e of 

, succeeding deposits, of shallow.water Wllter. 
origin -shales, limestone-conglomerates, and lime· 
stones, with rarer beds of quartzose sandstone­
show widely varying conditions. These rocks, 
resting directly upon the old continental land 
surface, were formed from detrital materials 
derived from the disintegration or the schists and 
gneisses under atmospheric agencies. These 
earlier sediments consist of quartz grains alld 
pebbles, with fragments of the underlying rocks. 
Over this basal bed comes somewhat nner and 
lighter material, largely mica and clay, derived 
also from the basal crystalline rocks. Upon 
these shales the calcareous sediments were depos· 
ited, at first associated with quartz sand and mica, 
but carrying less and less foreign matter, until 
the beds consist of nearly pure limestone carry· 
ing marine fossils of middle Cambrian types. 

jJ£af'i.M Camln'ian ta (}arban· 
-ffel'01(6'.~From early-formed beds of lime· 
stone to the top of the Madison forma- Predomi= 
tion, the great limestone body of the =:!''':u~f cal_ 
Little Belt Range, the beds consist deposits. 
almost entirely of calcareous deposits which vary 
considerably in purity, some carrying more or less 
clayey material, others containing much quartz 
s~nd; still others hold magnesia, thus becoming 
dolomites. Differences in color, mode of bedding 
and lissility 01' massiveness, render it possible 
to separate this gl'eat body of limestones into 
several series. 

The limestones, which are supposed to repre· 
sent the Silurian and Devonian periods, are 
grouped with the thin·bedded fossil limestones 
carrying fossil shells of Devonian species, under 
the name of the Monarch formation. The beds 
are, so far as observed, conformable, and give no 
indication of the great stratigrnphic and paleon­
tologic break which exists in the Silurian of the 
eastern United States. 

Coal mat's7les.-The beds which contain the coal 
constitute the Cascade formation and are supposed 
to be the equivalent of the Kootanie beds of 
Canada, for they are similar in stratigraphic posi. 
tion and tIle plant remains found with the coal 
show a similar -flora. The beds of volcanic ash 
and tuff found interbedded with the Canadian 
strata, and seen also in the Oascade beds of the 
quadrangle south of this, have not been observed 
here. 

Alternatz'on of fresh and mCM"ine watm's.-There 
is no evidence showing the condition of the region 
during the long period intervening between tlle 
Cascade and Dakota epochs. After the formation 
of the coal seams the basins were covered by a 
varying thickness of sand which now forms the 
heavy bed of sand rock everywhere seen above 
the coal. This was Sllceeeded by the deposition 
of alternating beds of shale and reddish or lilac· 
colored sandstone. The shales hold limestone 
nodules and lenses that contain fresh· Fresh_wllter 
water fossils at a horizon 140 to 190 depoSits. 
feet above the coal. The fossils fou'nd do not :fix 
the age of the beds, being plain, unol'llamented 
shells whose characters remain persistent through 
several geologic periods, but they establish the 
nonmarine origin of the rocks, in distinction to 
the truly marine origin of the succeeding epoch. 

From the Little Belt Range northward, the 
strata of the Colorado formation show a change 
in character that increases 'with the distance from 
the shore line. rrhe fossils are well preserved 
and common, especially the pearly rod· Marine 
like baculites, sharks' teeth, and numer. conditions. 
ous shell remains. The white tuff bed found in 
this formation shows that volcanic activhy pre· 
vailed in some neighboring region, but the mater· 
ial is fine and might have been transported many 
miles by the wind before falling int? the sea. At 
the close of the Colorado epoch the land again 
rose above the sea, for the white sandstones of the 
Eagle formation are of fresh·water origin. The 
source of the pure white sand is unknown. 
This formation corresponds in lithologic char· 
acter and in stratigraphic position to the Belly 
River series of Canada, and the few fossil remains, 
plants, and fresh·water shells support this corre· 
lation. 

In this quadrangle the succeeding limestone The rocks of the Montana epoch show a sub· 
series is characterized throughout by an assem· mergence of the northeastern corner of the quad. 
blage of fossil remains of marine forms of lower rangle beneath marine waters; the sea was not 
Carboniferous types. A local unconformity has deep, for the deposits consist of clays and sands. 
been observed between the Madison limestone The observed facts do not prove the submergence 
and the underlying Monarch limestone, but none of the entire quadrangle, and the evidence of 
has been found at the top between them and the neighboring regions indicates that the borders 
very different series of beds composing the Quad. only of the Little Belt area were covered. 

POST·CUE'l'AOEOU8 EROSION AND DEPOSITION. 

Since this later volcanic period denno:ation has 
obliterated the contours of the most' recent of 
these volcanic cones, has stripped the laccoliths 
,,,hose cores now form Palisade and Square buttes, 
and has worn away the country to its present 

Glaciation. - During the Glacial epoch the 
northern part of the quadrangle was invaded by 
a tongue of the great Canadian ice Extent of 
sheet, the Laurentide Glacier, but it did the ice sheet. 
not reach the flanks of the Highwoods. The ice 
leveled off the sharper eminences and filled the 
hollows with local and far.transported debris. 
The glacial deposits include a covering of till aJld 
loess, as well as the usual morainal heapings. 
Since the melting of the ice, stream action has cut 
the canyons which score the plains, has modeled 
the peaks, uncovered many of the laccoliths of 
the Little Belts, and carved the" hoodoo" parks 
about Square Butte and the labyrinth of the 
Arrow bad lands. ' 

A remarkable feature of the plains area is the 
Shonkin Sag. This is a continuous depression 
that is clearly an old river channel, 
with 'wide valley floor and steep wans Shonkln Sag. 
and precipitous cliffs, whose tortuous course can 
be traced from Highwood Creek to Al'1'oW Creek. 
Shonldn Creek follows it for a few miles, then 
continues d.irectly northward. Foul' large lakes 
mark its course. Flat Creek, a small stream that 
drains two of the lakes in the sag, meanders 
sluggishly through its broad -floor, but leaves it 
in the gap north of Square Butte, the sag con· 
tinuing eastward to Arrow Creek. From this 
point the Arrow Creek Valley is coincident 
with the sag for some 15 or 20 miles. The 
glacial drift is heaped up in morainal ridges along 
the northern border of the sag, which, with its 
relations to the present topography, shows that 
the sag must have been formed by a stream -flow· 
ing eastward about the borders of the great ice 
field which extended southward- to this place from 
Canada, bringing up gneiss and limestone drift 
from the Laurentian Hills. 

ECONOMIC GEOLOGY. 

rant formation. '1'his latter formation shows a Late Cretaceous mountain g1'owt7~.-rl'he uplift The mineral resources of the quadrangle are 
very decided change of conditions of deposition, of the Little Belt Range above the sea appears to varied, including deposits of the precious metals, 
indicating a rising of the region, with shore and have taken place during late Cretaceous time, coal, gypsum, limestone for -flux and Mlnerlll 
estuarine deposits which preceded the emergence but the mountain-folding and blocking out of quicklime, iron ore, building and orna. re~ourc~s. 

of this tract above the sea. The change from the range probably took place after the close of the mental stone, brick clay, and fire clay. The silver 
pure limestone to red sandstones with gypsum Laramie, or later than the deposition of any of ores of the Little Belt Mountains and the coal of 
beds and limy shales is abrupt, but the Quadrant tIle sediments found in the quadrangle. the Belt Creek field are by far the most important. 
contains also several beds of very pure limestone. Each of the minerals mentioned OCCUl'S in deposits 
The shaly beds and the limestones both contain IGNEOUS INTRUSION AND VOLCANIO ACTIVITY. having a definite association with certain geologic 
fossils of species identical with those of the Madi· The mountain· folding was accompanied 01' fol· formations or structure, and their occurrence is 
son formation, but smaller and of impoverished lowed by the intrusion of great masses of igneous therefore indicated in a general way upon the 
aspect. The beds are fossiliferous to within a few rock into the flexed strata. The hot Igneous In_ geological map showing the distribution of the 

I inches of the top, and though there is a marked liquid rock magma was forced between ~i::~dnwi:o- rock formations, called the Historical Geology 
The oldest rocks found in the qu>adrangle-the change in the character of the forms of life there the limestones, invuding most readily the folding. sheet. As, however, the entire area of such for­

Archean gneisses and schists--are thought to rep· is little change in the character of the beds along stratification planes or in beds of soft shale, mations is not always mineral bearing, the areas 
resent here, as elsewhere, the earliest·formed rocks between this and that of the overlying Ellis for· forming sheets) or bulging up the overlying beds indicated by dark colors afe probably underlain 
of the earth's crust. In the limited tract exposed mation, whose fossils aJ'e of Jurassic age. into great arches or domes, and sending out minor by workable deposits of coal or gypsum, and. the 
in this quadrangle they consist largely of sheared .TURATRIAS PERIOD. sheets between beds ruptured by the forces. In areas where ore deposits occllr 01' where the con· 
and altered rocks, whose igneous origin is often ! ~any instances these intrusions form these len tic· ditions are especially favorable for their occur· 
still apparent. Hiatus of Neo·Capbon/jerous and lrwstno ular masses of igneous rock called laccoliths, rence, are indicated upon a special map called 

Algonkian submerge1We.~ The Little Belt tract epOCh8.-There is no representation of the upper which in the Little Belt Mountains rest upon an the Economic Geology sheet. On this sheet aU 
was a land area during that early period of geo· Carboniferous (or Coal Measures) epoch, nor of inclined floor, and in this case are seldom abso- the mines actually worked and many of the pros· 
logic time known as the Algonkian. In the succeeding Triassic epoch, and it is inferred, lutely symmetrical, but generally rupture the peets al'e indicated hyappropriate symbols. The 
this region the Archean rocks were !r::~fill~ that the region was a land area during that time, ! strata upon one side and break up to higher hori· areas of limestone, building stone, and clay suit· 
worn down to a nearly le\'el plain, and sediments. ,as, llldeed, is indICated by the facts observed in II zons. In other cases the force of the intrusion I able for economic use have not been emphasized, 

.formed a lo,yland during the gradual subsidence. neighboring parts of the State. was too great or was exerted too suddenly to I but are noted in the text. 
of the region to the south, over which a thick- I Jwrassw a,pects.-The Ellis beds show an permit the overlying rocks to bend, and a plug. Gald.-Gold and silver are found only in that 

Fort Benton-5. 



part of the quadrangle belonging to the Little The Silver Bell mine yielded between 120,000 I them but 5 to 6 feet across and a few yards deep. 1 great variety and are capable of taking a high 
Belt Range. Gold has been found in limited and 150,000 tons of argentiferous galena in 1890. Both mines are equipped with steam hoists. The I polish. The syenite of Square Butte furnishes a 
quantity in small areas of placer No developed The are occurs at the contact between Sliver Bell ! latter was in 1898 leased by the enited States splendid material of any desired size, but is at 
gravels of existing stream beds, and at gold mines. the limy shale of the Barker fonuation mine. I Smelting and BeHning Company, for the purpose I present very inaccessible. -
a number of localities in quartz veins, but of these and an intrusive sheet of porphyry, the plane of I of supplying lead ore for the Great }'alls smelter, Clays suitable for brick making occur shund· 
none have as yet been developed into mines. contact dipping about 500 N., into the mountain. and further development work has given satis- ! antly in the alluvial areas along the streams of 
Quartz veins carrying a few dollars of gold to the The galena gave out in depth and was replaced factory results. I the plains region, and less abundantly in the 
tOD are found throughout the Archean area, on by pyrite, and the mine was consequently aban· Other mines-the St. Louis, Sunlight, Defiance, mountain district. 
Belt Creek, on Hoover Creek, and on the branch doned. As no search was made for other ore Ontario, Pride of the West, Black Hawk, and Artesia,n water.-The sandstones which under· 
of Dry Fork of Belt Creek which heads north of I bodies along the lateral extension of the contact, Alice No.2-have yielded small amounts of ore, lie the broad expanse of arid prairie land that 
Big Baldy Mountain. The Belt Creek locality the property can not be said to be valueless, and but are not sufficiently developed (1897) to prove constitutes so large a portion of the quadrangle 
yielded a small amount of rich quartz, and was! efforts were made in 1898 to lease the mine and I their value. are probably porous enough to hold \yater and to 
actively exploited for the fe';\' weeks following its look for further bodies of ore. , n'on.-On the north side of Thunder Mountain, furnish an artesian flow if wells were sunk to the 
discovery, but no paying mines were found. I The Cartel' mine showed a somewhat similar lat an altitude of 6000 feet, the contact between water horizon. As there are many square miles 

Gold also OCClUS in small amounts in some of I structure. The ore was found at the contact of ,the porphyry and the sedimentary over which even grazing is impossible, for lack of 
the silver ores) especially in those found in the limestone and porphyry in a pipe or I' rocks is marked by lenses of iron ore. ~fc;::~~~:" water, the practical importance of this is worth 
prospects of Pilgrim Creek, but in the silver·lead I chimney·shaped body, which is Raid to Carter mine. The sedimentary rocks are locally ore. testing. 
ores, which form the bulk of the mineral product have shown 10 feet of galena for a depth of, baked and metamorphosed by the igneous rock, Uoal.-The coal lands of the quadrangle are 
of the region, it is commonly present in minute i 120 feet. For 100 feet below this the are body and the soft micaceous shales are changed to hard, , shown on the Economic Geology sheet by a dark 
amounts, if at all. Assays of the iron ores of I widened to 30 feet, but held only 5 to 6 ounces flinty, brittle hornstone. r1'he iron ore is in part I shade of green. The area so colored is not coin· 
Thunder MOllntain are said to show $1.00 to $2.00 I, of silver, with much iron pyrite and a little a replacement of these rocks and occurs between, cident with that of the Cascade formation, to 
in gold to the ton. ! copper pyrite. r1'he ore sheet became poorer at them and the porphyry. The ore occurs in lenses I which the coal seams belong, for the seam occurs 

Bilver.-The Little Belt region was for JIiany I 220 feet below the surface, the galena occurring varying in thickness from a few' feet to 20 at the top of that formation, and the greater part 
years an important silyer producer. In that part' only in kidneys. feet, but their lateral and vertical extent ha\Te 110t of the area where these beds are exposed is not 
or it included "lithin the quadrangle the metal The Barker and the Wright and Edwards been determined. Analyses made for the owners underlain by coal. For this reason the outcrop 
occurs mainly in silver·lead ores. Promising mines are situated on veins in the mass of gmnu· , show: FezO, 76.90 j FeO, 0.07; .MnO, ·0.03 j of the seam has been taken as one boundar~y of 
prospects sho\ving good ore were found at alar syeniw which has broken up through the I Si02 , 8.80; A1 2 0:1, 0.74; S, 0.03; H 2 0, 13.36. the area emp}lasized, awl, as the beds dip beneath 
number of Ioealities, principally about the mar· other rocks -in the upper valley of Galena Creek i Total, 99.93. the flat bench lands, a strip of country which the 
gins of the eruptive ma;:,ses of porphyry. For The ore is an argentiferous galena that occurs in The ore is seen in an open cut and is said to seam is known to underlie, or probably does 
this reason) and because the zone of altered bunches in fissure veins which cut the syenite I assay from $1.50 to $:1.00 in gold. rrhe analysis underlie, is shown by color. The northern bound· 
rocks about such masses offers the most promising itself, 01' which follow contact planes between it ' shows it to be an impure limonite mixed with a ary of the coal land area is also very largely con· 
structural and mineralogical conditions for ore and intrusive dikes or sheets of porphyry. The I little quartz. The Edna, Tornado, and Hurricane jectura1. "\Vhere the limits of the seam are known 
deposition, these contact areas have been empba. Barker mine was one of the first discovered in ' claims are located upon these deposits. i from exposures, workings, or borings) this bound· 
sized by a distinctive color npon t.he Economic the district, and it is said to bave I Gyps1lm.-The red sandstones and shales which ary conforms to it. Elsewhere it is based upon 
Geology sheet. r1'his mode of occurrence has yielded considerable ore in 1890-91, Barker mine. , constitute the lower beds of the Quadrant forma- field observations, the known peculiarities of the 
been generally recognized by prospectors, for but remained unworked for several succeeding I tion generally contain some gypsum, but these! seam) and structural considerations. By t.he aid 
these area" are often dotted with shallow prospect years. It is developed by a vertical two.com·; deposits are of workable extent, so far as has been of this map and the dip of the coal measures) as 
pits, but considi:'rable tracts still remain untouched, partment shaft, with crosscut levels to the veins, lobsened, at only two localities-near Ricedlle i shown on the Structure Section sheet, the areas 
and those already "isited by prospectors have not and also a long drift leve1. The ore contains and at Kibbey. 'fhe beds consist of white or: where coal seams may be found and the probable 
been either carofully or thoroughly searched. In much calc-spar, and the syenite is shattered and I grayish, nearly pure gypsum, easily quarried and depth of the coal beneath the surface are readily 
most cases the ores occur at ?r near the contact reticulated with pyrite films. The dump shows " separated from the red sandstones. The beds I determinable. The coal seam is not everywhere 
of the limestone with eruptive porphyry. In crumbly porphyry and hard, dense syenite, but I vary in thickness from a few inches to several workable along its outcrop, and it has been con· 
some cases a distinct fisilure or vein is recognizable. the relations of the two rocks are not known, as I feet, and are of local extent, though often trace· I sidered best not to attempt to define the com· 
More often the ore occurs in bunches in the lime· the workings were inaccessible. able for several hundred feet. As shown in a mercial extent of the fields. The commercial 
stone. In this latter case much time and energy The 'Vl'ight and Edwards property includes: section given in the Columnar Section sheet, the I' value of the seam, its thickness, quality, etc., can 
have been fruitlessly expended hunting for a well· three parallel adjoining claims north of the Barker I strata near Riceville hold four Leds of gypsum, : be determined only by actual exploitation and by 
defined vein. Such pockets or bowlders of ore mine. Though closed down for many ,aggregating 12 feet, besides numerous thinner I sampling the coal as obtained under cover, that 
are commonly connected by stringers, often mere years, the mine has recently (1898) ~.[!t;.~~:nd I intercalated lenses. Gypsum also occurs in the is, where it has not been altered as it is at the 
rust·stained fractures of the rock, but these been reopened under a lease to the mine. clay shales of the Colorado formation, in thin i surface outcrop. But one coal bed is known, and 
deposits have often yielded large returns in other company operating the Great Falls silver smelter. seams and isolated crystals, bnt is not workable. though not always workable it can be fo11owed 
parts of the Staw. The tunnel shows that syenite is here cut by a Lirnestone.-Limestone of various kinds occurs from Sage Creek, on the eastern limit of the 

The Barker district has thus far been the only dike of vogesite·porphyry about 20 feet wide, in the Madison formation. The thinly bedded quadrangle, westward over the foot slopes and 
one that has produced any considerable amount which forms the west wall or the lode. The rocks about midway in the series have been bench lands north of the Little Belt Range to 
of ore. Discovered soon after the first Barker min. crosscut tunnel, driven through syenite to the quarried for making quicklime, and at Logging Belt Creek. Throughout this distance the seam 
settlements of the State were estab· ing district. lode, SQOWS eight well·marked parallel fracture I Creek Station, on the railroad line, the thin· preserves its general characters and the coal is of 
lished, in 1879-1880, it became the site of a planes seaming the country rock in R northeast· , bedded strata near the base of the formation are the same nature, but the seam as exposed in out· 
promising mining boom, and the town of Barker, southwest direction, each one marked by a bleach· ' quarried for flux. The rock is broken to a uni· crop varies greatly in thickness and purity, and 
which on most maps is given its former post.office ing and whitening of the rock for a few inches i form·sized product in a rock crusher, driven by is not everywhere workable. 
name of Clendennin, ·was established. A number on each side of the fracture. The mine was a. water power, and automatically loaded into ore The coal occurs at the top of the series of sand· 
of claims yielded large amounts of ore, and a steady producer of silver·lead are in the summer I! cars for shipment to the Great :Falls smelter. stone beds and shales constituting the Cascade 
smelter was erected to treat the product of the of 1898. Analysis shows it to be a very satisfactory rock formation, and the seam is generally Position of 

mines. Since the completion of the railroad to Not far from the Barker mine, and situated in I' for mixing with the siliceous silver ores treated capped by a bed of massive sand rock, the.:oaJbed. 

Great Falls, in 1891, the ores have been sbipped the porphyry near its east contMt with the mass there. 20 to 50 feet thick, which forms outcropping 
to that city or beyond for treatment. of 'Volf porphyry forming .Mixes Baldy, are the, r1'he limestone nodules OCCUlTing in the clay ledges upon stream bluffs and the summits of 

r1'he exhaustion of the rich ore bodies first dis· two mines known 8.13 the Liberty and Queen I beds above the Belt coal seam have been locally I gently inclined benches. Though but one coal 
covered ended the boom. Since that time the dis· Esther properties, vi'bich were worked in 1897, used for making quicklime. horizon has been recognized, tbe bed is, so far as 
trict has had several partial revivals of activity, shipping several carloads of silver·lead are, but I Clays suitable for fire brick and refractory I known, always a compound one, consisting of two 
only to lapse into all bllt total ahandonment. have since been idle. The veins trend N. 80° to , materials are found in connection with the coal, layers separated by It to 5 feet of shale or sand 
The different mines have from time to time heen 85 0 E., and dip 500 to 55° S. I seam, but have not as yet been utilized. I rock. Very rarely this intervening parting 
leased and ,yorked for short periods, more ore r1'he Liberty shows a vein 3 to 4 feet wide, of , Building stoM.-The stones suitable for strnc· thickens to 10 or 15 feet. Both seams vary 
bodies discovered, extracted, and the leases reJin· banded quartz and galena. An -inclined shaft I tural uses are all sandstones of the Cascade and! greatly, from place to place, in thickness, in 
quisbed. The history of the camp has therefore 19Q feet deep Rnd two surface tunnels show an Dakota formations. Sandstones occur purity, and in the number of partings, but the 
been a disappointing one, despite the fact that ore shoot 130 feet across on the upper tunnel, I in many other formations, but lack the i::'rn::fi.ti:g I upper seam, so far as known, is always noncoking, 
the conditions for sllccessful mining appear, and one not yet cut across when seen but over 90 essential requirement of ease of quarry· purposes. , bituminous coal, while the lower seam is a coking 
even to·day, to be favorable. This is probably feet wide on the tunnel 110 feet below. The iog and dressing combined with durability. The I and blacksmith coal. Both coals are jointed and 
largely due to the generally small size of the ore mine yielded ore for two years, but is now idle. I first requisite for successful quarrying is a matter blocky, but show a decided lamination, and carry 
bodies, and to the fact that they occur in a num· The Queen Esther shows a vein carrying from of local exposure. The rock must not be covered i iron pyrite in scattered nodules an inch or two in 
bel' of small mines, and not in great ones like a half inch to f) inches of galena, the shoot by a heltvy capping 01' its extraction is costly. It diameter. The upper seam shows a compact, dull 
those of the noted mines of the State. pitching into the mountain. The ve!n is in part must break readily into large, square blocks, ~nd I coal, streaked ·with irregular lamime of bright, 

The ores are of simple mineralogic character, on the contact of a granite.porphyry dike which yield easily to the stone mason's dressing pick. shiny coal, burns with a steady) long·continued 
consisting of galena together with pyrite, zinc forms the east wall in the lower tunnel. In 1897 These conditions, together with a moderate degree I heat, and is generally characterized by a red ash, 
blende, and sometimes a little copper pyrite. the mine was developed by two tunnels of 75 of strength, durability, and variety of pleasing I rather large in amount. '1'he lower seam shows a 
Calcite and quartz form the gangue veinstone. and 95 feet respectiYely. Only four carloads of ,tints of color, are found in the sandstone beds I much larger proportion of bright, shining jet· 

The ore deposits all occur at or neal' the contact ore are said to have been shipped up to 1898. I which occur in the Cascade formation. The beds' blaek coa~ which burns with a longer flame, 
with the erupti\'fl rocks, with which they are In 1898 it was under lease, and enough ore was I vary in thickness from 1 to 6 feet, rarely exceed· I sinters or cokes upon heating, generally makes a 
undo.u ~tedly ~e~leticall! connected. Mode of taken out in driving tunnels to pay expenses, ing the latter figure. This formation has not been good coke, and burns to a white ash. 
There IS some ddierence 1Il the manner ~f~~~~:~e':" though the main ore shoot was not then reached. emphasized because it is only in the vicinity of I The coal lies in rather shallow basins, on the 
of occurrellce, however, and the ore The .Moulton, Tiger, and T. W. mines are situ· Belt and Armington that the material will have borders of which it is impure and contains many 
bodies thus far found on contacts between POI" ated on the slopes south of the little branch of any immediate value. ! partings. The limits of these basins can be 
phyry and limestone having been the largest Galena Creek heading north of Mixes Baldy. The limestones of the quadrangle have thus far determined only by actual exploitation, and have 
have, of course, been most remunerative. The 'l'he mines have been worked at intervals since not been used for building purposes. They are! been ascertained only in the Belt Creek field. 
Silver Bell, on the northern bank of Galena the early history of the district by various leasers. undoubtedly suited to such uses, although they I There are five localities in the quadrangle where 
Creek, opposite the town, and the Carter, Paragon, The first two mines are said to be on the same are less easily dressed than the sandstones. , the seam has been opened and coal extracted, but 
}lay, and Edna group on the Kibbey divide, are vein, and to carry similar ore. The ore is a Silver.] Granite, gneiss, and igneous rocks for orI?-a-, the mines of Belt Creek field are the only impor. 
examples of this class. bearing galena a.nd oocurs in bunches, most of mental work might be utilized, as they ooour in I tant ones, and are to.day the largest single pro-



ducers in the State, having yielded a gross output in 1896 was 731,125 tons, of which 517,860 tons I. very gentle undulations, but it nowhere rolls up jlOWer one showing the section illustrated on the 
of 719,600 tons in 1896, and 800,000 tons in 1897. were shipped to Anaconda, and 68,660 to Butte. ' to the roof and cuts off the coa1. Only the lower Columnar Section sheet. The coal at this mine 
The attitude of the seam varies somewhat at dif- The Le"wig and the Millard mines shipped 1140 ! bench of coking coal is generally mined, the 2· : is flaky, and shows the effects of the uplift of 
ferent localities. At Belt and vicinity it is nearly tons the same year. The total product of the I foot to 3·foot parting separating the seam being the hill, the dip of the seam being 15° N. 
flat, dipping at low angles into the mesas, while Belt Creek mines was 779,050 tons (of 2000 Ibs.) used as a roof. For 700 feet from the face of the The Sage Creek mines are situated on Spring 
at Skull Butte it dips at an angle of 15°. in 1897. bluff the entry driven through the level showed Coulee, a fork of Sage Creek. The bed dips 

The Belt Creek field embraces the coal lands The geological structure is very simple. The a bony, impure fuel, but beyond this the lower 5° N., and iB covered by the heavy sandstone 
on both sides of Belt Creek, extending from the coal measure series dips gently downstream, or part of the seam showed 5 to 5t feet of coking bed which forms the surface of the surrounding 
mouth of Cora Creek northward to the BeltCreek northward, conforming to the general coal, having a persistent 4·inch to 10·inch parting bench land. The seam shows the two benches 
confluence of Little Belt Creek, a dis· coalfield. structure:in which the formation dips ~:th~t:'::1 about one·third of the distance from the floor. found elsewhere, but the lower one alone is 
tance of 7 miles, along which the seam is exposed at a low angle away from the Little field. The roof (which is really the midseam parting) forked; it shows 4t feet of clean coal, dull with 
in the canyon walls on both sides of the Belt Belt Mountains. Between A~mington and Belt occasionally rolls, and for a few yards pinches up bright streakings, carryirig occasional balls of 
Creek Valley. The coal lands belong to a num· the beds show a very gentle warping, however, I or even cuts off the coal. Sometimes the roof pyrite. A section of the bench worked is shown 
ber of owners, and are worked at nearly a dozen rising in a 10'w', fiat, anticlinal dome, which has i sends an offshoot into the coal forming a 4·inch in the Columnar Section sbeet. 
different openings, but by far the largest produc. been cut across by the valley. r1'he workings to 12·inch parting. Near Woodhurst, on Running Wolf Creek, the 
tion is from the mines of the Anaconda Mining east of Belt Creek show that the seam has a r1'he coal as mined runs ahout 20 to 30 per cent I seam shows 16 inches of coal. 
Company, at Belt. gentle easterly inclination toward the Highwood slack. The run of the mine averages 30 per cent The analyses below represent samples taken 

The coal of the field was first mined in 18i7, Mountains. ·West of the valley the dip is about of ash by analysis, but this is reduced to 7 per! by the writer, not to show the average composi. 
when a few tons ,yere shipped to Fort Benton. 1 foot in 70 to the west. North of Belt the cent in the slack, by washing before it is coked. 1 tion of the coal or the run of the mine, but to 
Since that time a few hundred tons a year have gentle northward dip is resumed, and the coal East of Belt Creek coal is found in the open ascertain the variation in composition in different 
been mined. The product was 1200 tons in 1885, horizon passes out of sight neal' the mouth of i upland country lying north of the Little Belt I parts of the same seam at the same locality, and 
600 tons in 1886, and 2000 tons from the various Little Belt Creek. The coal seam thins out or 1 Range. Openings ITom which coal has been I the variation at different localities. The analyses 
mines in 1888, but the opening of the mines at becomes impure south of Armington and a mile mined were found at the forks of Ottet' Creek, I will be found, however, to give a very close 
Sand Coulee, with railroad transportation, closed north of Belt. The bed is not workable beyond Frost Creek, Skull Butte, and Sage Creek. '1'he approximation to the general composition of the 
the market temporarily to tbe Belt Creek mines. these points, though the coal horizon can be fol· Otter Creek seam is about 4 feet thick, but so I coals from which the samples were taken. 

In the autumn of 1895, Mr. P. J. Shields leased lowed several miles south of Armington, being far as exposed is 000 impUl'e for shipment. The ,I Li!7'nite.-Lignite beds are found at the head of 
a large tract on the west side of the creek. Con-; traceable by the sand·rock cap. Frost Creek openings show the usual separation Shonkin Creek in the Highwood Mountains, as 
vinced that the lower part of the seam, consisting i r1'he largest mines lie west of the creek and of the bed into two seams, with 5 feet of shale i outcrops in the walls of the Shonkin Sag, and are 
of coking coal, would increase in thickness west- , belong to the Anaconda Mining Company. The between. Only the lower seam has been opened, i seen in the bluffs of' the Missouri River near 
ward, he drove a drift entry and proved the 1 mine openings show that the seam presents the showing 2~ feet of good fuel in a total thickness Eagle Creek. These lignites are inferior to coal 
correctness of his surmise. rrhe property was nearly constant division into upper and lower 1 of 3t to 4 feet. The beds dip 5° N., and are! in heating power, but being found in a treeless 
acquired by the Anaconda Mining Company in I benches, separated by 2 to 3 feet of dense, hard, I capped by a heavy bed of sand rock whose upper r region they may prove valuable for local use as 
1894, and exhaustive tests having proved that the 1 argillaceous sand rock (or argillite ?). surface forms the bench land. household fuel. 
coal, though high in ash, could be washed and Detailed sections of the seam show considerable At Skull Butte tIle coal seam is warped about I 

coked, an extensive washing plant and one hun. I variation throughout different parts of the mines, the flanks of this dome.shaped hill and nearly WALTER HARVEY WEED, 
dred coke ovens were erected, and development I but establish the nearly constant pres· VariatiODsin encircles it. It has been prospected at several 
of the property upon a large scale was begun. ence and character of the partings, thesesm. places, and is mined at the point where Skull! Geowglst. 
Since that time the mine has been the largest though they vary somewhat in thickness, as does Creek cuts tbrough the coal measures. Both the' 
single producer of coal in the State. The product' the coal also. The floor is not constant, showing upper and lower seams have been worked, the I December, 1899. 
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Analyses of coal from Belt Creekfield, Sage Creek, anll Skull Butte. 

Locality. 

South tunnel, Armington's mine, 

west side of creek, Armington. 

Millard. top coal, Belt, east side of 

creck. 

:YiUaJ."'d, middle bench 

Millard, low" b,eneh .. 

Watson mine, east side of 

Sage Creek 

Skull Creek 

1.081 26.03 I 48.13 

1.951 30.61 I 61.61 

1.73 I 19.49 

2.05 41.48 

2.80 37.48 

454,1 33.06 

3.42 ' 39.06 

46.80 

51.67 

53.13 

55.91 

47.06 

selectedsampleAruwondallline,Beltl 3.08 41.01 5~.31 

24.76 White 

5.83 

31.91 I Gray. 

4.80 r White 

659 ,. .. do 

6.49 Gray 

10. 

3.63 

POOl" •.•. '1' .. 

, 
·Wort.hless. Blocky, streaked coal. 

... do .. A dull coal. 

.. I Good. . I Blacksmith coal. 

Poor .. 

None Corwin and McGregormine. 

i 
I 
I 
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PERIOD. 

PLEISTOCENE. 

Montana formation. 

CRETACEOUS. 

Colorado formation. 

Quadrant formation. 

Madison limestone. 

CAMBRIAN. 
Barker formation. 

ARCHEAN. Gneiss and schist. 

Slaty parting. 

Sandypa.rtlng. 

DETAILED SECTION OF BEDS OVER COAL SEAM AT BELT. 
100 FEET~lINCH. 

T~'F~ 

10-20 

45-50 

40-50 

40-511 

5-15 

18-30 

15-40 

6-12 

CRARACTER OF ROCKS. 

Black and purple shale. 

Sandstone forming bench land. 

Shale containing limestone concretions 
15 feet long. t to 2 feet thlek, with 
fresh-water fossils. 

Well-bedded, fl.ssile, lavender-colored 
sandstone, more massive at the base. 

Earthy, purple and red sbaJes with yel­
low sandy lumps. 

Sandstone. 
Red earthy shale carrying yellow lumpy 

maases of sandy limestone. 

Massive bed of sandstone. 

Coal seam. 

1800 
Massive, white and light-gray limestone. 

Thinly bedded, dark-gray and blue-gray limestone. 

Gray limestone. 

750 ~f!=n~~=d~Sn:~~e:t!Yo~fi!~~~~~bfe!~rs of 

MONTANA 
FORT BENTON QUADRANGLE: 

Ravines between mountain slopes and outer flanking 
ridges. 

Steep mountain slopes, rugged peaks and clitls, and nar· 
row canyons. 

Thin but productive soil. 

Cliffs and mountain slopes. 
Rich, fertile soil, 

Bench lands formed by underlying quartzite. 
Fertile fanning lands. 

Gneiss, canyin$" pink, red, and white feldspars, amphib- Rounded mountain summit.<J and steep valley slopes. 
olite, and schists. Thin soils; bare, rocky exposures. 

DETAILED SECTION OF BEDS BENEATH COAL SEAM AT 
ARMINGTON. 

6-12 
6 
20 

60 

100 FEET-1 INCH. 

CHARACTER OF RoCKS. 

Coal seam. 
Gray and yellow shale and fire clay. 
Laminated sandstone. 

Sandy shale with clay-ironstone beds. 
Calcareous sandstone. 

Shale and interbedded S8Jldstones 3 to 
5 feet thiek. 

Bla.tyBandstone. 

Bony coal. 

Bone. 

"""'. Sla.tepBrt\ng. 

SECTION OF LOWER PORTION OF QUADRANT FORMA­
TION SHOWING GYPSUM BEDS, NEAR RICEVILLE. 

21 

" 

22 
5 .. 

1t 
25 

25 7, 
30 

SCALE: 100 FEET-liNCH. 

CHARACTER OF RoCKS. 

Gypsum. 

Shale. 

Gypsum. 
Red and white sandstone. 
Gypsum . 

Shaly sandstone. 
Gypsum. 
Sandstone with gypsum bands. 

Sandstone. 

Limestone. 

Red and green mottled S8Jldy clay. 

Madison limestone. 

WALTER HARVEY WEED, 

Geologist. 




