J DEPARTMENT OF THE INTERIOR’

UNITED STATES GEOLOGICAL SURVEY

GEORGE OTIS SMITH, DIRECTOR

PROFESSIONAL PAPER 62

L EE
GEOLOGY AND ORE DEPOSITS

OF THE

CEUR: D'ALENE DISTRICT, IDAHO
é J':"Av BY | ’ :
FREDERICK I;Ebi 5 RANSOME
' AND

FRANK CATHCART CALKINS

WASHINGTON
GOVERNMENT PRINTING OFFICE
1908 .



DEPARTMENT OF THE INTERIOR
v
UNITED STATES GEOLOGICAL SURVEY

GEORGE OTIS SMITH, DIRECTOR

PROFESSIONAL PAPER 62

T H E

GEOLOGY AND ORE DEPOSITS

OF THE

COEUR D’ALENE DISTRICT, IDAHO

BY

FREDERICK LESLIE RANSOME
AND

FRANK CATHCART CALKINS

6§"“M ”.:'.,-:2'.. S le

WASHINGTON

GOVERNMENT PRINTING OFFICE
v
1908




E 'J | i - ."u.', Lv\l:‘{ \'
| AUG 141908
| LIBRARY.




CONTENTS.

IntTrRODUCTION, by Frederick Leslie Ransome. ... ... .. . i
Location and area of the district. .. ... ... .o
Tield work and acknowledgments. . ... . ... e
Outline of the geography and geology of northern Idaho and adjacent parts of Montana and Washington. .

I FOAHBIIGNL 2= 25 e o o i e B pas s B i ot b PSS PR SER A 5 e E D E A Balrs 35 2 B A R
OO e s e b Raa e AR SR B EE SR ER ks S s B s T B S B R a8y oo s A TR e P B
BBl san e mmem s st e i S 0 S 1 0 T 0 0 0 A B S 5 w2 5 i G
Industries and settlements within the Cceur d’Alene district........... Povsron ko Loims simm g S S S0 .
L . N O PP I

Parr I.—GENERAL GEOLOGY, by Frank Cathcart Calkins. ... ... . ...,

107 E:1 o] 755 8 Il o] 10 21 4
General character. .. .. .. i iaaao.
B3 4T
Principal features of relief . ... . . i

Chapter LL—STabIBTaADINT . . <o v comioim min e s o o i o o 0 s 5 B 8 0 558 s
Greneral elams i CatIoRO L0 K mm e 55 5t 0 s Sesiz AR e SR B IR O PSS SO A RS e D TR R
Pre-Cambriar BeATTHETIN: S s 0 0 0um om0 mn s b s i 5 e 5 o s s B S 5 e D 1 o 3 e b i e

Succession and general character of formations. .................. ... .. ... ..................
B 2170010 1) FET01ia L 11c) 4L O SR RS

It T B TAOR e s o 5 5 5
BT O TR TR s s s s e e G S SR S R S 8
Revett quartzite. .. ...

St. Regis formation. .. .. ... iiiiiiiiiiii...
Wallace formation. . . ... e
BEIpEr POAK TOTTIABTON . . . « «cicomiecoimormie im0 0 s e 0 180 0 i 0
BRI ..o i v st By B BB o it b B R B S AR S F DB S R S e e DR e T e Tt B
REETOTIA), CORTEIATION 2005 0m o simiiot 5080 P s o S G B I 4 S 0 e S 0 £ B S 8 2 S e S
Detailed description of formations. .. ... ... .. ... .. il
PrCHAT, B 2105 n0mmmmninm oo om e e 5 5055 010 0 51515 i 005 i St o5
Distribution and exXposures. ... ... ..............iiiiiiiii.... T P
THICKIEH, (v cvmmsnasmaninnys snubensaspasssisars bobnnssnag SR RS SIS

5 4
Megascopic features. . ... ... ... iiliiiiiiiii....

Microscopic featUres. - . woe i

DIStITCEIVE, ChALRCEOTIBTICH  « voan o e e cvm o i o i S 0 00 5088 8 i &

BATKE) S OTTRIGN o 5t0zecospuoronoe mamsesmisucmsesn B s imy s b 6 A 2 B SRS B D S B S 8 S S S S
Digtribintion and. EXPOBUTEE. ..o v semsion smm s ok @ o1 e e o S e & /e e S 0 5 B B 9
EHICIHEEEL . o o0 2 a0 D A S e A - L B O SRR A S B e S S Sibn st s i s a1 sl e et

D L D0 s cvs armsste ore 215 05 ey 51 o o B B S 5 8 e e 535 T A 55 R 2 SRS
MesaREOPIC FORUTNCH. « ot s 5. 0 i S 5 s T 0 315535 0 01 B 1 i

M CrISEO PTG TR om0 e s i i S0 S 5 B S S S SIS BRI

Distinctive charactensmcs ........................................................

Revett quartzite. . ... .o
Distribution and eXPOoBUIes. ... ... ooo ittt i
B ERIEEEL L v e tearsimsolirm i s s oy it T D € o s B o e S S R B P BB S D '

Lithology...
M EEaERODIC TCAITEE. - o o S s b A TS TR SR SN 751 S St S S S e B S R

MECTORCOPLE) FOATUREH. cico v spe mie mis 2 om0 s o 8 500 8 im0 6 5 5 55 5055 550800 5 b i




4 CONTENTS.

Parr I.—GeNERAL GEOLOGY—Continued.
Chapter II.-—Stratigraphy—Continued.
Pre-Cambrian sediments—Continued.

Detailed description of formations--Continued.

B8t Regis formutianee Sy ol g o e s et an e, s W Dherdecs il sami SR RE i ST N )
Distribution AN CXPDBUTES. - o so ca i sn i s e i s o N Sl R PR AR SRS U S
TTRACKIIOR, . o i e i a e e i e i e it s £ s O S SR NSRRI S v,
JAthOIOEY . covroic w2 fomic s mimin o s s e o e e A e A SIERC RN F R T BRI 60 31 S

Megasecopic FEaturRH. . ..o s v tivs wisimin wssio s il iam o Boh 4 L Sit i BB SRR e ) 5 S
MicroScODIe FORBIILON . . oiic s oo d s m e 2t o SR OO S ARG S RS IR R (11 g :

Wallace FOTMABION w2 1L ol S ol ol e i o i o e A B S el U g O e S
Distribution. and CRPOSUFES. <. v cia bl mn o e 5 d bio i ot it eis S ST SEL S N L e
TRACKINOES, —iiosim rressn 2inws msmis b s g et @ 2o e e AL SR MR S et G A N Lo e
A 711 1o [o77 S O S e NN -pel SES R S D B T i e e

Meoaseopie FEAEITEN. ..o voecim oo o mm o smrerStardlin aveimiios o rbtetete e SNTN (IR N SO
MictoScopic TEatUPes, o boiosn o in busa b s o st o St SRR SIS S e s
Digtinctive charaeterIBtIos. oo o naive 5 doe moua b TG S RIS L

Striped Peak formation. .. cdueass: w2 nmmms s samilbastmt L, cos W R R WL ot s o
Distribution and eXposUres. .. ... e e St T AN T o TNy SRR G K
Thickned.. /o o d Baagrladr el sae Bl bd o .Sy MBI TN or ., . o 05
Lithologs s i m DRI L0 it 2 e b e, (e alioes e s Sd MR e, o eI Lo

Teneous Yok . aa SR w R dut L o n it o 2 et SRR R O T 0 g s R G e Doy SR %
Principal kinds'andigeneral relations.. ... ... .ol i ol dU N RN
M OB Z O EOCKE S e i o o mroebi it o i et o et e 5 0 e 202 o L St PRIy . . .

Varieties, distribution, and modes of 0CCUITeNCe. ., cueiien e ravnenn oo oS oot

B 21110y 9] 1 A I e L RO S e ST B, 0 ¢ )
MONZONITO: 2 i svaimis onmmiorn = rmimigt S ssasons s . imm A ar i res m r p AMEIRETSSP NIRRT L 0
MoONZOTIt e POTPIYTIY e s v msim S o e B o o SRR 5L
PorphyTitie BYCNIie .t ox s b e aisraim siads rasiond st e e M ot it SRR L0

Contact metamorPhiSii o i o« o fam ol b ghorcoinein s ite s rib b SO SH SRR L0 o
GeNeTal CHATRCTEE . . ;v oo cimims bim mimisiaiore & o 3 S Al s SCE e AP WO S S0 e Los s
NoncalcareouB POCKS. . . o nvimsimminie mmisimomis oo a2 e o AR SRRt SR e S
CalearSoms TOCKE. oot fiswdims s dm i o sl bl it o D ANt (o RGN gt S5 S S

IDTRDARL - e e i s b o el 5 i e e g i A NN SR SR Ay
Ocourrence and QistHbULION. - coc i oiol it e o st s il it LSS PR AR Th (s
Petrographys . S S8y ol et s et o o A R e e U BNl ety

Lamprophyrec. . Sley o S sl fandarn s b Sl L e O e S e o
Ocenrrence abdldistMbutions: Sl 2o Sl S L I e R R s L
B2 o)1 2 o] e el S P e e R T S W L ol RSN et SRS )

Tertiary and ‘Onaternary deDositss -t ietr s f ol LR il SR N R ot el BN s Lot e

Classification, origin, and general modes of occurrence. .............cooiiiienniiiaaaaaaaaann.

Terrace gravelsi. o o s vad s wlive sen st o v wels S alniban el st L UL 1 A SRR 2 Cw e Siivie 1l C R
DABEDUAION o o c v ciniins s i s o S i ot e W Al IRl S St 080 M e iy 8
Charaeter. J. .o ool docesin iis ss i L s m it S S S S R PR SR DR TS I PR et

Glacial dePOSItaL . aivti soin dniis mc s se s bk o S5 it e bt R A OIS &7 21 oL
BT n 0ol 171011 LOMMEESERERR RS SRS B 1 D T s e
(0] (5.5 ;o1 /o1 (EENE RO O e e R e e L T

Valleyiallusmavin oo o fo il okl Fue 2 e e e B e s s
B0 3Tzl o] 11 1 o) SRR PN R S S EEE RS IRE Lo b s S e
CRAFACTEL, .. « 2w v @ o 5o ek s s i e v o i e SIS A 8 CNE I R MRS o o)

Chapter T —Steiires tr . . ol Tommiiies it mtersn o o e aim it SO0 N NS S e o e
Introduetory:statementas 0o i s lail o s nitna it mn e s e B S P R Dl o
1 7061Cs b oo PR W6 ST e SO A AOSt  AIGAPNIN: S o o SO 14, 3. i i B NN,
RaMANG IR o 2 5 e s ch i mtir i Bl raiad o e i o e et o 7 ST R Moo bl

Byidences of faulltinghe © oo o oobann s ho L anid s Bt sl DS R R SR

General character and direction of the faults ..... ... B gl e AR PR S

Deseription of prineipal fanltes . - . oo sein s o bn oetr dor E S R e T L

CLEBVABE - e oo 2 i e inaie s s i SR 2 o Lk i il o e e SR e M o 1 SR
CREracter: o wsuilh s o SEERS U et B el L P e e R TR S LR i [
Attitide.: o te s S e A A e e s 3 i e, S L S R T P 1 M R R TR e
Structural subdivisionsiof the distrcts o <. e ae b gl S e O e e T L S e e s
Positions and boundaries of subdivistonms. L. . ool d o oie L e I e v RO
Southwestern area,. 28 Lo oot n 2l o o Ll ol L e G R A R PR g R e



CONTENTS.

Parr I.—-GENERAL GEOLOGY—Continued.

Chapter ITI.—Structure—Continued.

Structural subdivisions of the district—Continued.
Southeastern area. ... ........__. e ez @

Introductory statement
Pre-Cambrian sedimentation
General conditions

Burke epoch

Intrusion
Regional metamorphism

Determination of summit levels

Sulphides, sulpharsenites, and sulphantimonites

SUDDItE. ccvnmsimnnmesmemmansrdoisaniassnins
Galend . .cccoviersinnsimsnssadennmssdnnenns
Chalcocite. . ..o oot
Sphalerite. .. ... ... ... . llli....
Covellite . . ... ... oL
Pyrrhotite. . ...l
320311 17 SO SO
Chalcopyrite.............. ...
PYTIE, oo ve comrmdmemmmorn e s T SO .
Proustite . .. ... ...
Tetrahedrite. .. ... ... .. ... ... ... .._.
OXAEH o s vvmmrsrmsimmusrsmrisss et nuin s ERiERS
Quartz . ..o ... ...l e &
Cuprite. .. oo oo
Massicot. .. ... ...
Magnetite . ... ... Llloiiiii....
Limonite. .. .. ... ... . ... ...
Plattnerite . ... ... . ... ... ... ......

Chapter I'V.—Geologic history ........... ... ... ...
Prichard epoch._.... ... ... .. ... ... .. ..
REVelt P08 : csiricsmmommsc e adomanonmmmmmn-
St. Regisepoch._............._ ... ... .....
Wallage ePach . c:wems s inenddossassmnse -
Striped Peak epoch... ... .. ... ... ... ... ...
Intrusion, deformation, and metamorphism...... ..

Development of present topography............ .
Formation of valleys and terraces.............
Glaciation -........o... . ...
Postglacial valley filling......................

Part II.—EcoNomic GeoLoGY, by Frederick Leslie Ransome. .. ... ... . ... ... ... .. ... ... ...........
Chapter I.—Introduction... .. ... ... ... ... .....
History of mining development ... ._........_...
Produetion s sssesssinaioonsizensndenmiannieon
Lead, silver, and pold ... hu.dadinndosasninss

L870] 070 <) oSO T FOU S

ZING , conbinsamsmnssmamespshsmd remnrsssninns

General character and distribution of the ore deposits
Mines and mining. .. ... ..oioLLo.i...
MIIIITZ. « oS8558 e e e e o
Chapter II.—Mineralogy of the ore deposits... ........
Introduction. ... ... ... ... .. iiiiio....

....... L T




6 CONTENTS.

Parr II.—Econoumic Geornoay—Continued.

Chapter 1I.—Mineralogy of the ore deposits—Continued. Page.
DBTOTITUOE 42 5 k'S i o e i s e o i 2 o e 45 o 5 e g e o S DN DTN WO o 95
CAlCIES o e ot 2o Pt AT i e ittt bl vt s M g o S e s e it B0 ). SISO B i A PR s i 95
DolomiThes 5 b Eals e Hidnnh St i b She o D20 ¢ el o e B ST R SRR s 95
STATIte fal s b Seopam St s Bt o8 805 vt SR U e S o SR e s < T AR 95
Cerusitel . i i LR T e B b B s e GO G el S S e el G § R0 T 97
Madachite T e i o L R o i b e s i e e S R S 99
ArIe) - o i G G e B B R s e A R IR S e R 99

1 150 7o ISP O, (SIS R R (IR Rk b S e e e Rt e o R 99
5% vop. £ i - ARG o R R SR e S e T L S e M 99
ATHDITIOIE - 8 s s 5 5 et S50 o st 5.2 o Tt 58 e o e = 0 o B S B O WL Tl 99

B: 51 o] oo ' L6 o PO P S P S e T o e R R e 99
(RAEREE &0 5 o b e s e e el B 2 5 e 5 s o e et ko OBt ol e JUMET DR L B, 99
Tournialine. - ;= = s e 0 s e e s e R I R e R BT TS e ER L 101
BTN o o e e o 2 5 o e e v 3 50 5 1 5 ' e e T b OB NSO VRPN S22 ey s 101
TOTUTOMIEE o o e i £ 57 B 7 i et 1 s e o RSB e SN VRS 0 Dk 101

B 2d 0 0] 0 ) U USSP SMNOE i M oG 8 . K PR S 3 4 . o 15 U SE M 0 R ] 103
DU PIABOB. s oo com i s i o i s e £ 1 e e o e SRRt S 103
TANGEEATOBL. cee e i it oo i o 0 s e B e e ek e o i et 1, e s S MIENE e el 1. 20 103
Chapter I1I.—Description.of the lead:silverdepositsiz. & i Tl L, 200 e i B Vg L 104
Geographical andigeslegicalidistiibutiomi Sus 2 ot S e L e es 104
The ofefl. .. 5 2 i e e e R e e e 107
MinieIalDZICal CRATACEBY - . o o oic e i cemmim o i o e i 5 76 3 A RN IR o 107

L5753 0T LI 123 01 ¢ S SN B P e ey S00s - Sl ML S . 107

27 voTeoy oL 11 O U U T B e L L e 111

TTOXIOT s con b 505 5 30 3 5 0 5 s 5055 8 50 B0 9 5 505 08 08 0 B 15 (R e e e b w5 e s 113
Form and gtructure of 1he Qeposili.. mesimsnrs s mssmbyis s b anb imadne o w s e S NPl o ol w s 114
Generall Charpeler oo s cnsieuorman: punssmm s e sosnnssh b b St Sow b, UINREMESRRER .~ 0 o | sy 114
Directions: Of HISSUIIND. . e fem ws s m s o o s o m ssm im s e weeiotass S A e PUDSEREE R SR o s 115
Movement along the productive fissures. . . ... i 116
Closing o endIng OF BESUTER. - o wo o vex v et 10w m e e bl TR AR B E E %, 0 e 117
Shapes and dimensions of pay shoots. . . ... ... .. it 122
Detailed strueture of Pay BIOOLA. < . o v oo v oo oo e o i i 2 3 b e e S SRR L s 127
Relations of ore bodies to Surface and dePthi. o - oo cooc ccvi i o o o oo e i N BEES 129
CondILIORS OF QUTCEOD - « . e ot mme i chmmim 5 m e s 25 508 w5 B0 4 6 55 5 B 05 B N R g S O 129
General relation. of workings 10 tOPORFAPNY < vuusiocnin v sassin b nsen e dad BT mmies e s b s 130
Changes i orewithiimereasibrdepthy i ot oo Tl umai Bl L O EEIE R L o 130
Ground Watehl <& o ool ot St v e o S o e e e i ORCRGIE e e at e G N T sl S 131
(53T {07 UMMM AR PN o~ S L0 ol s U B S T o R L S Dt RN 132
Chapter IV.—Genesis of the lead-silver deposits and practical conclusions...._.... ... ... . ... .. .. ... 134
GONBEIE ol o ot o o e e B S o M D e ) SRS NG R I N A PR L e SR e 134
Origin. of Theldissures, .« ol ol b b ae o e A S o o EN S R C o e PR o - SR 134
Somree’of e oreni. f8 . L ui b e S R T S e S R e e e 135
Bufute ofithe districh.. .. 2. o e e L L e A s R T S e S e A 140
Chapter V.—The gold deposits. ... .. ..ot L R, e A R R 141
15 00Ts 1516l i o) 1 O A S e S A e M s T e e 141
General account of the gold-quartz veins..........._. ST S e e R SR e 141
Distribution.: soo'ais s bvmsaiaibapiit sl T ciy (s be TR USSR e LI LS B 141
Struetural featoresl son .o b 0 T T ISR G s el S s M R e s o 141
Thes 018, o e ot st a8 0 e o ot 0 st R St A R S T S S O e A5 7, 5o 15 142
RO LDt i L o e AL L i S S e i 1 PN AT A WS AN P oA IRy e 0 143
Puture oligold iaining. .t <. doie ok S B8 S L S R R e R e e e 143
Descriptionsiof gold maness .. . .t liimor Srne L e L e e B e e i 144
Golden Chest maimer Sfoner . oL i T e e OO S R SR 144

B % G701 ol o) | MBI e B SO i | ST S RSN 0, ) o T - e T R 144
Development. o . i e i e s i e ST T SR SRR U L e 145

T LORB- cie = e 20w e o i e s  1m 5 m t mr m  m en h E RE S R S e 145

TG G0 s 0 s 2 515 5120 50 im0 5 s 550 5 e mrm e 5 LR B ST S g i 5 e s 146

OpRiF MoTUBTEn TIBEE . m tm o« 0t min £ o v fim oo S B i i iresd i b By oot o SRR VR e W8 Ee S S 146
Buckeye Boy MiNe s v e v s nashm e s & s sneds sohns e LIS Che Rt ew JIRICET PESLUI & e 147
Crowin Bl e s e s @ e ios 4w st s e v T e 10 et TN 0 PR D SRS Rt & KUy e 147

Now Jorsey M i o T s 000 St o o i e St v e R O ISR Gt e T e e 147



CONTENTS. 7

Part II.—EcoNnomic GEorLocy—Continued.

Chapter V.—The gold deposits—Continued. Page.
PlaCerS. - oot e e 148
Chapter VI.—The copper deposits. . ... ... ... e 150
Introduction. ... ... . ... 5 e L S R R e 150
SnOWStorm MUINe. ... ... 150
T PO G LN . 2.2 00 0 0 i v T e 0 O 5 B B i 0 s e 150
Underground development. ... ... ... 150
Form of deposit and geological relations. ... .. ... ... 150
U0 OB 2 5 sS40 B 5 i v s s s s s i, S o st 151

P OBIIEENN: s s cim s 555505 51 w0 81 0 ot i s e ot i oo i 150 1 8 v e e 152
CODPEL TITID.: sc 0 5 om0 e o e 5 s i m mmn e e 0 55 5 5 5 ot 8 6,5 .t i 0 v 0 = armr . st 152
Silver Cliff. e 152
Stevens Peak. ... o e 152
P e 153
Chapter VII.—Detailed descriptions of the lead-silver mines near Wardner. ... ... ... ... .. .. ....... 154
I 1D o o 154
S 1 o 154
ProdUCtion. - ... .. e 155
Underground WOrKings. - . ... e 156
Geological relations. - .. ... 157
Form and distribution of the ore bodies. . ... ... ... ... e 159
I 5505 5 5 0 5 B0 5 0 i i et i v w30 6 58y i i e mm i m 162
Chapter VIII.—Detailed descriptions of the lead-silver mines near Mullan....... ... ... .. ... ... ... 164
MOrning MUNe. - -« oo 164
Situation and surface equIPMeNt. .. ... ... i iiaeieaaa. 164
History and production. .. .. ... ... .. 164
Underground development. . ... ... .. e aaaieaaan. 165
Geological Conditions. . ... ... 165
Structure of the veins. ... . e 167
Character of the ores. .. ... e 168
GOl HUDEBE TG .. o mc oo i 00 0 i = Sl s 8 9 5002 1 g 5 s e s 0 i s e A 2 9 2 8 2 e i i e 168
DD T O G IO o i 25 i s 7 v i o . 0 4 S 58 15556 s it o 168
Underground development. ....... ... iiaaeaaaas 169
GEO0lOZICAL CONATEIONG - e v e v ecee e e e et et e e e e e e e e s s e w o m e e s m imm i mim e im0 169
Arrangement and structure of the veins....... ... ... ...t 169
Character of the ore. . . .. 170

7 6151 97 c1 7 NP T S SO I G P 170
Chapter IX.—Detailed descriptions of the lead-silver mines on Canyon Creek............. ... . ... .. ... 172
IntroduCtion . . . . .. oo 172
Tiger-Poorman MiNe. ... ... e eieaaeaaaas 172
IO EOAMUCEION. .o v o om0 0 0 508 0 5 0 5 5 S 0 5 55 S0 v o 172
Production. ... ... .. 172
Underground development. . ... ... ... i 172
Geological relations. - ... .. e 173
Structure of the lode. ... ... .. e 173
T BT s 7 5 1.0 i T 55,50 e e s i T B8 5 7 0 B b om0 174

TH OGO TG, a0 s o 5 b o st om0 e w5 R B 174
Hecla mine. ... oo o e 175
Introduction. . . . .. e 175
ProdUction. . . ... e 175
Underground development. . ... ... ... 175
Geological conditions. .. ... ... e 175
Structure of the lode. . ... .. e 176
Character of the ore. ... ... .. iaiiaaaan 176
Standard-Mammoth mine. ... ... eeeeeeaeaaan 177
TETEOIICHITIL. 2. 5245 5 s 5 3 i 3508 5 5 S e e g 2 A8 L 7 50 55 e i e o s ma B S5 177
PrOAIT I N 2 e 555 500 55 2105 85 50 5 6 ¢ b e 5 o 1 1 ot 5 B B 515 1 7 0 5 56 o i o i 5 oo 1 S B 177
Underground development. ... ... ... iiiaeaaas 177
GEOIOPTEAL TOTAEROTIR. cc s w5 0 56 5 55 i e o 5 5 0 8 6 5 o 65 50 B 2 6 5 s 0 177
The 10de. - .o e 177

Character Of the Ore. ... ...t it e e e et e e e e e e eea e eeemeeeeaeaaaaaaaan 178



8 CONTENTS.

Parr II.—Economic GEoLocY—Continued.

Chapter IX.—Detailed descriptions of the lead-silver mines on Canyon Creek—Continued. Page.
12 121 (230 ool D 1 oo 1 2 e e i bbb S AT B T AN Sy 4 Lo e 0 0 s DR S 179
IOt GO e e s R s T Te D L bt i s o s S e A R TR PR 4 5 179
PPOAUECTION . oo o aeziarbse beo b s B T 7 o o s o S o AL N R SRS - | 179
Undergroumnd WOTRANEE < iio i cws b iam Suo o m e ar 5 m 4 im o i o Aty o SO S R £ Ll 179
(renlogical TelationE. . .« Sty o 0 e e T i TR i e e L SSRGS S S 179
Nelieysteinas s . Boot We el Jo cabartin o S JICE i i Lo L NI [ s 180
Occnitrerice and Character Of thio OT6. .o« o wue masn bbbl SR I B e o e SRR N 181
Union mine 182
BEll TG L1 s oot i misante iondhiim s it e e e i o om0 S R R IR S N 182
Chapter X.—Detailed descriptions of the lead-silver mines on Ninemile Creek..... ... ... ... ... Sl o 183
Tt POAUCHION - 25 et st i 1 5 it b oo e s e T e S R L e S BRI S SO ORI Ry s . 1 600 183
(611721701 oly 111 1 (RIS NOCE OO W . S e, SRSl gy el s ol e L S T R 183
Tot POduetion: so. eu o & Do v oo smlin s o el SR Tl S U RO e et e 183
PrOQUCTION . s oo o 5 5 5190008 Bt oo bt 15 e s ool i i s < BB SN SO ME ARRO MP R  od e o el 183
Underground: developInents .ot ot o iud famibes b e et e Lo s By R S i e 183
Geolooieal PelationRle. o & o d i i Lo 28 e 0L SO e SO W SIS ISR T (A 183
Tihe Jotbel oo inhi o etk p b B8 i Bu el Lo Do oY et e e o A AN B e (s SO 184
Granite mine........... oo b e e ML LAY T I ol i ) 184
k[ 37 4010 E1 el (o aAe IR MOREP T w PR o A0 o v, S TP P R S el A B O o Ol S S S N 184
Underground development. . ... ..................... AL 0, et Rl S e e e 184
QCCurTeNCe 0L tho OF6 DOTTEH: - - cnniic n nin e m wis e d0m ains 5 im o o155 5 5 5 PS5 e S PSP S S = 5 25 5 a1 2 184
Tbar ey 0G0 (53 [ 111 (< R SRR PP oy b e S e T 186
CaliforninConsoldalediTING . o « fseasoedh s mes dhis e el St o G T R L e~ 186
SIBLEYETIANGC L ol s i iings s mio o st s i i s o o o S s et e i RO VEEL RN SRR B 8 o 187
Chapter XT.—Other mines and PrOSPOCIS. <. i fven sue smenw = amis s o ghnine s om0 (5o 188
Mines between Wallace and Wardner. .. ... ... ... .. ... i.iiii.iio. il LR AR 188
TNE PO CHION . e s S eae s o = s v o e s i i o s o PESIRMRENIRS I o ' Lt ol o 2 ANOW I PR e 188

Y ANKeE BOy DTG S e asie & st b e s bt i b b bl et B wotblndin b e e i 188
POlATiS TOTIGIH & ettt m sy n o S s it o i, e T b o L A T eyt i 188

B30 e 20k 17 01 00101 M PR S WU, b, Sy, Bieh sy (e o W% I | et b W o R PE TR 189

AT hADY DA IO oo vt S mrmsinte b 5m s s Sabimress i e on s (g e e 0 S TS AR T TR SRl 189
ProspectaonPInei@reek. . & o cn s e mamewamgesm o maiiod b S e N AN MG e e 189
General SIIatIoN ot ik i ia b S s o a e B AR B i i B o R FRR s (I S 189
Highland -Chief TaNe. ...\« it cmihm s s main e 5 mos e e s5 S 55 e R 5 55 n e o AT PR o P A 189
Mines and prospects on Prichard Crek. .. wsws s se s van’s smmaddns oo b o pitinns SR e 0 s 190
General SEAteIEnt: -Lu. o iobesss on sabins v aliin s Biows st visi s Sue o St m i s SRR LT s 190
PARRCON N ING . con e sl e T AR B e e B v = sttt UL R S S RIS e g ) 190
Barton or Monarch mine. .......occcueeasin o e A T TR L USRS R L 190
Bedr Top milliSisebis ol wie it Dt wm el (B 200 0, B3 Mo ROl MRS w108 e B W OREN  F o oot o 190
SurVEY PUBLICATIONS ON LEAD AND ZiNc, GoLD AND SILVER, CoPPER, AND TUNGSTEN DEPOSITS ._....... 193



ILLUSTRATIONS.

Page.
Prare I. Topographic map of Ceeur d’Alene district ... ... ... .. .. . . In pocket.
II. Geologic map and sections of Coeur d’Alene district ... ... ... .. .. . .. i, In pocket.
III. A, Town of Wallace, from the west; B, Town of Mullan, from the west............................. 18

IV. A, View looking north over the Cceur d’Alene Mountains from the Stemwinder tunnel, above

Wardner; B, View looking east from Haystack Peak up South Fork of Cceur d’Alene River
toward the crest of the range. ... ... .. 22

V. A4, Prichard slate near mouth of Elk Creek; B, Typical lower beds of the Wallace formation, 14 miles
east Of Wallaice. .. o e e e e e e e e e m i e e 30

VI. 4, Ripple marks in Burke formation on Tiger Peak; B, Bench gravels near Murray, looking west
080, ALABE GUIEH .- - - - v coem e b o e et e i e i e s ot 1 34

VII. A4, Local folding in Wallace formation, one-half mile east of Wallace; B, Sharply folded and faulted
beds of the Wallace formation, 1% miles east of Wallace...... ... ... ... . ... .. ...o........ 62
VIII. Claim map of Coeur d’Alene district. ... ... oiooio it et et e e e aaaana 86
IX. Photomicrographs illustrating replacement of quartzite by siderite....... ... ... ......c......o... 96
X. Photomicrographs showing relation of ores to contact metamorphism....... ... ... ... ... ... 98
XI. Photomicrographs of ores and rocks. .. ... . .. 100
XII. Photomicrographs of Ores ... .. eaieeeeaeeaaaan 102
XIII. Photomicrographs of ores ......... ... ... .. . . ... ... e F e e NI 110
XIV. Diagram showing relation of principal lead-silver deposits to the topographic relief ... . ... ... ... 130
XYV. Eastern part of Ophir Mountain as seen from the north, looking across Prichard Creek ......_ .. .... 142
XVI. A, Parallel bed veins in Prichard slate, Golden Chest mine; B, A bed vein in Golden Chest mine. 142

XVII. 4, Hydraulic workings in bench gravels, Dream Gulch; B Fancy Gulch, 3 miles northwest of
IVEHIFERNE . mom e o i i o b 5 ] i o o et it 3 8 i i a6 i e o s e P o 1 o e 148

XVIII. Geological sketch map of Wardner area, showing relations of prlnclpal ore bodies to the topography
AT BEDIOOTE . 2 2 i o 3 i o <55 2 m e e o 2 s o m A 5 i o 5 9 o P s 5 15 o e 7 o 154

XIX. Plan of principal underground workings of the Bunker Hill and Sullxvan, Last Chance, and Sierra
INEVAE, TTTICH: w515 55 55 555 2212 1 o m o e 0 e i o s 5 3 . i 7 1 o mrm o e 5 B S B R B B B3 156

XX. A, Upper tunnels of Sullivan mine, from west side of Milo Creek; B, Upper workings of Bunker Hill
mine, from east side of Milo Creek. ... ... ... . . e 158

XXI. 4, Open cut on Bunker Hill fissure; B, Bunker Hill fissure as exposed in second level of Last
Chance Mine. . ... o ittt eeaeaeaeaan 160
XXII. Geological sketch map showing plan of development of Morning mine.......... ... .. ... ... ... 164
XXIII. Plan and section of underground workings of Morning mine......... ... .. o i iiiiiaiiiaaaa.. 166
XXIV. 4, Mill of Morning mine; B, Town of Burke, from the west. ... ... ... ... oo oiiiiian. 168
XXV. Plan of part of underground workings of Tiger-Poorman mine. .. ...............coooieooeoaeoaeon.. 172
XXVI. A, Hercules mine in 1904, looking northwest; B, Standard-Mammoth mine, Campbell tunnel..... ... 174
XXVII. Map showing plan of development of Standard-Mammoth mine................ ... .. ... ... ... 176
XXVIII. A, Standard-Mammoth mills, on Canyon Creek near Wallace; B, Helena-Frisco mineand mill....._.. 178
XXIX. Plan of principal underground workings of Helena-Frisco mine............... .. ... .. ... ... 180
Fic. 1. Index map showing position of the Ceeur d’Alene district. . ... i, 11
2. Map showing mountain systems in the Ceeur d’Alene region.......... ... ... ... ... ... ... ... 14
3. Map showing general distribution of the different kinds of ore in the Cceur d’Alene district............ 84
4. Concentration scheme of the Bunker Hill and Sullivan mill..... ... ... o . .o .. ... ... ... ..... 88
5. Diagram showing trends of principal lead-silver lodes. .. ... ... ..ooooooooiiimi i 116
6. Diagram illustrating use of terms in descriptions of pay shoots.......... ... ... .. ... ... .. .. ... 122
7. Longitudinal section of Morning lode, showing ground stoped up to end of 1904__. ... .. ............ 123
8. Longitudinal section through the Tiger-Poorman mine, showing modern stopes...................... 123



10

Fic. 9.
10.
i
12.

13.
14.
15.
16.
17.
18.

19.
20.
21.
22.
23.

ILLUSTRATIONS
Page

Longitudinal section through the Standard-Mammoth mine, showing modern stopes................... 124
Longitudinal section through the Hecla mine, showing stopes in 1904......... Sl e . 124
Longitudinal section through the Helena-Frisco mine, showing stopes.......... .. ... . .. ... .. 125
Actual section through one of thé most important productive parts of the Bunker Hill and Sullivan ore

zone; showingloreybodieststoped ruisn. o ou i h st Lo sl S S 0 SN SR S i e 126
Generalized sketch of part of Standard-Mammoth lode, showing structure........ ... ... . .. ... ..... 128
Sketch plan of principal workings of the Golden Chest mine....................... B it s o st LA 144
Diagrammatic sketch showing folding and faulting of Crown Point vein.... .. ... ... . ... . ... ... 147
Plan of the underground workings of the Snowstorm mine................. ... .. . ... .iiio.. 151
Cross section through the Snowstorm mine, showing the geological relations of the ore body........... 152
Stereogram showing the general relations of the principal fissures and pay shoots of the Wardner group

of mmifies, within.a vertical vange of 500deet. ..o 2 ulL i Lt o0 T a T A e e e e 160
Plan of part of the underground workings of the Gold Hunter mine................................. 169
Plan of veimns in: the Helena-FriscomMine: oo mues biosibers sobesdo d st tra e oA B SN WS e s Do e L2 180
Plan of the underground workings of the Custer mine. ... ... ... . i oioioiiiiiiiiiao. . 183
Plan of the Granite mine, showing geological relations............cocooiiiiiiiiiioiaiiaiaiiaaaiatn 185

Sketeh:planJofthiec Bear, Topimineg: ieawoo comie ool in nl L b s 191



THE GEOLOGY AND ORE DEPOSITS OF THE C®EUR
D’ALENE DISTRICT, IDAHO.

By Freperick LesvLie Ransome and FrRANK CATHCART CALKINS.

INTRODUCTION.

By F. L. RANSOME.

LOCATION AND AREA OF THE DISTRICT.

The area commonly known as the Ceeur d’Alene district (although for purposes of record
and administration it has been divided into a number of local mining districts) is situated, so
far as its productive part is concerned, in Shoshone County, in that narrow portion of Idaho
which extends northward between the States of Washington and Montana to the international
boundary. It lies almost entirely upon the western slope of the Ceeur d’Alene Mountains,® a
broad and rather complex member of the North American Cordillera.
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F1G. 1.—Index map showing position of the Coeur d’Alene district.

The area shown on the Ceeur d’Alene special map (Pl I, in pocket), embracing the quad-
rangular tract of country that forms the particular subject of this investigation, lies between
the meridians of 115° 40’ and 116° 10" west longitude and the parallels of 47° 25" and 47° 40
north latitude. It covers an area of 404 square miles. The position of this tract, which was
mapped by Mr. Van H. Manning, topographer, in 1900-1901, on a scale of 1:62,500, or approxi-
mately 1 mile to the inch, is indicated on the accompanying index map (fig. 1). Although a

a This group of mountains is on most maps made a part of the Bitterroot Range. Lindgren has suggested, however (Prof. Paper U. S.
Geol. Survey No. 27), that it would be better to restrict the name Bitterroot to the range separating the waters of Bitterroot and Clearwater
rivers and forming a southern continuation of the Cceur d’Alene Mountains south of the vicinity of Lolo Pass.
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few mines and prospects lie just outside of its borders, it will be convenient and sufficiently
accurate to refer to the mapped area in the following pages as the Cceur d’Alene district.

The district lies south of the main line of the Nqrthern Pacific Railway, but is reached by
a branch of that railway from Missoula, Mont., and by-a branch of the Oregon Railroad and
Navigation Company from Tekoa, Wash., about 35 miles southeast of Spokane. Both roads
connect at Wallace, the principal town of the district and the seat of Shoshone County.

FIELD WORK AND ACKNOWLEDGMENTS.

Geological field work in the Ceeur d’Alene district was begun by Mr. F. C. Calkins in July,
1903. Assisted by Messrs. W. A. Williams and D. F. MacDonald, he continued in the field
until October. The senior author of this report visited the district for a few days in August
and made preliminary examinations of some of the mines; but the main results of the first
season’s work were the subdivision of the thick series of pre-Cambrian sediments into strati-
graphic units and the mapping of a large part of the area by Mr. Calkins and his assistants.

Work was resumed in the summer of 1904, Mr. Calkins, assisted by Mr. MacDonald, com-
pleting the geological mapping of the area, while Mr. Ransome, assisted by Mr. Edward R.
Zalinski, studied the occurrence of the lead-silver, copper, and gold ores.

A preliminary report ¢ on the results of the two seasons’ work was published in 1905.
Various causes, however, have unavoidably delayed the appearance of the final report, and
consequently descriptions based upon observations made in 1904 do not in all cases fully represent
the mining industry in its present condition. Although an effort has been made to bring the
information regarding mine developments and production up to the end of 1906, yet the reader
should remember that the report as a whole is based on what could be seen and learned of the
ore deposits in 1904.

With one exception all of the mining companies have permitted free access to their maps
and have willingly furnished such information as was asked for. Among those to whose
courteous cooperation the work is particularly indebted are Mr. Stanly A. Easton, general
manager of the Bunker Hill and Sullivan Company; Mr. W. Clayton Miller, general manager of
the Federal Mining and Smelting Company; Mr. Joseph Kean, who in 1904 was operating the
Granite, California Consolidated, and Sixteen-to-One mines; Mr. James F. McCarthy, manager
of the Hecla mine; and Mr. Thomas L. Greenough, formerly one of the owners of the Morning
mine. Acknowledgement is due also of the professional courtesies extended to us by Mr. J. M.
Porter and Mr. C. F. O. Merriam, mining engineers; of the abundant historical material supplied
by Mr. Adam Aulbach, of Murray; and of the storage facilities generously afforded by the
Ceeur d’Alene Hardware Company, of Wallace. If the friendly services of the many mining
men who willingly devoted hours to our guidance underground must be recorded without
individual acknowledgment, this necessity by no means indicates any lack of appreciation of
the value of their assistance. A general report on the ore deposits of any district inevitably
owes much to the local knowledge, veracity, and willing cooperation of the men who are engaged
in the actual work of mining.

OUTLINE OF THE GEOGRAPHY AND GEOLOGY OF NORTHERN IDAHO AND
ADJACENT PARTS OF MONTANA AND WASHINGTON.

INTRODUCTION.

Our knowledge of the topography and geology of northeastern Washington, northern
Idaho, and northwestern Montana is as yet far from satisfactory. The greater part of this
region consists of rugged or densely forested mountains, is very sparsely settled, and is poorly
provided with roads and trails. The best general maps obtainable have many inaccuracies
and are greatly wanting in detail.

a Ransome, F. L., Ore deposits of the Coeur d’ Alene district, Idaho: Bull. U. 8. Geol. Survey No. 260, 1905, pp. 274-303.
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In recent years Lindgren ¢ has thrown much light on a region some 12,000 square miles in
“area whose northern border lies about 30 miles south of the Cceur d’Alene district; Daly? has
performed a similar service for a strip of country along the international boundary and has also
published important papers on the nomenclature of the mountain ranges,® and on the contact
phenomena of certain intrusive sheets of gabbro in the northeastern corner of Montana;¢ Willise
has worked out the general stratigraphy and structure of the Lewis and Livingston ranges; and
Walcott” has reviewed and correlated the Algonkian formations from the Belt Mountains into
northeastern Idaho.

In 1905 Mr. Frank C. Calkins supplemented the detailed work of the preceding season in
the Ceeur d’Alene district by a reconnaissance northward from Ceeur d’Alene Lake and east-
ward to Flathead River. The results of his investigation, which had for its main object the
correlation of the Cceur d’Alene sedimentary series with those described by Daly along the
northwest boundary and by Willis in the Lewis and Livingston ranges, will be published by
this Survey as a bulletin. The following outline of the general geographical and geological
features of the region is based on all the sources of information just mentioned and on personal
observations, made in connection with the study of the Cceur d’Alene district, as well as in
the course of a reconnaissance along the northwest boundary from Porthill, Idaho, westward
to Lake Osoyoos, Washington, and in a trip on foot along the Northern Pacific Railway,
from Wallace, Idaho, to Missoula, Mont. ;

OROGRAPHY.

Along the international boundary the mountainous complex making up the North
American Cordillera, although varying much in general altitude, extends practically unbroken
from the main front of the Lewis Range, overlooking the Great Plains of Montana, to the
Pacific Ocean. The most satisfactory divisions and nomenclature of this mountain complex
are those proposed by Daly. Fig. 2 is based mainly on an outline map accompanying his
paper.s The great interior plateau of British Columbia may perhaps be considered as extending
for a few miles south of the boundary, down Okanogan River, but the plateau feature is here
neither so distinet nor so extensive as to constitute a notable exception to the prevalent moun-
tainous. topography. In the latitude of Spokane, however, which corresponds nearly with
the northern edge of the Ceeur d’Alene district, the great Columbia lava plain separates the
Cordillera into two portions. On the west are the Cascade Range and Olympic Mountains;
on the east a group of ranges forming part of what is commonly known as the Rocky Moun-
tains. From the edge of the basalt plateau to the eastern front of the Cordillera the width
of this mountain belt is about 200 miles. Although topographically its western boundary,
owing to the contrast to the mountains afforded by the expanse of Columbia River basalt, is
more conspicuous south of the latitude of Spokane than farther north, yet there is little
difficulty in tracing a natural western boundary of the same mountain zone northward across
the international line. This is afforded by a well-marked linear depression along which are
distributed Coeur d’Alene, Pend Oreille, and Kootenai lakes and which is followed by Duncan
River northward to its confluence with the Columbia near Donald, on the main line of the
Canadian Pacific Railway. Daly has applied the name Purcell trench to this feature. (See
fic. 2.) He describes its southern end, however, as lying at Bonners Ferry, on Kootenai
River, whereas the depression is a notable feature in the topography of the country for 90
miles farther south, at least to the southern end of Cceur d’Alene Lake. Kootenai River in

a A geological reconnaissance across the Bitterroot Range and Clearwater Mountains in Montana and Idaho: Prof. Paper U. S. Geol.
Survey No. 27, 1904.

b Summary Repts. Geol. Survey Canada for 1902 (pp. 136-147, 1903), 1903) pp. 91-100, 1904), and 1904 (pp. 91-100, 1905).

¢ The nomenclature of the North American Cordillera between the 47th and 53d parallels of latitude: Geog. Jour., vol. 27, 1906, pp. 586-606.

d T'he secondary origin of certain granites: Am. Jour. Sci., 4th ser., vol. 20, 1905, pp. 185-216.

e Stratigraphy and structure, Lewis and Iivingston ranges, Montana: Bull. Geol. Soc. America, vol. 13, 1902, pp. 305-352.

f Algonkian formations of northwestern Montana: Buil. Geol. Soc. America, vol. 17, 1906, pp. 1-28.

g The nomenclature of the North American Cordillera, etc.: Geog. Jour., vol. 27, 1906, p. 588.
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fact issues at Bonners Ferry from a relatively narrow transmontane gorge to flow northwest-
ward in a broad valley, which also continues southward to Lake Pend Oreille and is followed
by the Great Northern Railway. No main stream now occupies this trough, which contains
a heavy deposit of silt. The present watershed, in the vicinity of Elmira, is about 400 feet
above Bonners Ferry and about 30 feet above Sand Point, on the shore of Lake Pend Oreille.
The Purcell trench is not only one of the striking physiographic features of the region, but,
as will be later shown, constitutes the dividing line between geological terranes of marked
dissimilarity.

The Cceur d’Alene Mountains lie east of the Purcell trench and may be considered as
bounded on the northeast by the upper part of Clark Fork, locally known as Missoula River.
Having a general northwest trend, they are cut off by the trench obliquely, coming to a point
on the southeast shore of Lake Pend Oreille. To the south they merge with the Bitterroot
Range and the Clearwater Mountains, near the head of the North Fork of Clearwater River.
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F16. 2.—Map showing mountain systems in the Cceur d’Alene region. (After R. A. Daly.)

Like the Clearwater Mountains, the Ceeur d’Alene Mountains have the general character of a
broad, deeply and maturely dissected plateau, sloping gently westward. In the vicinity of the
Ceeur d’Alene district the width of the western versant is 50 or 60 miles, the altitude ranging
from about 7,000 feet along the crest to approximately 2,150 feet on the shore of Cceur
d’Alene Lake. The eastern slope is more abrupt, falling, in from 10 to 25 miles, to the valleys
of Clark Fork and Missoula River.

Northeast of the Coeur d’Alene Mountains and separated from them by Clark Fork are
the much more rugged and picturesque Cabinet Mountains, a simple axial range of northwest-
southeast trend, with a length of about 120 miles. The range ends on the northwest at
Kootenai River, near Bonners Ferry, and like the Cceur d’Alene Mountains is obliquely cut
off by the Purcell trench. On the north the range is bounded by Kootenai River eastward
to Jennings, and on the northeast by the rolling, lake-dotted country which extends from the
bend of the Kootenai at Jennings to Flathead Lake. The southeastern end of the range is

less definite than the northwestern, but may provisionally be placed in the bend of Flathead
River at Jocko, Mont.

aIn Daly’s map the Coeur d’Alene Mountains are made to extend too far to the northwest.
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According to Mr. Calkins,® the northwestern end of the Cabinet Mountains is of the dissected
plateau type, although more rugged in detail than the neighboring Ceeur d’Alene Mountains.
In the middle portion of the range are lofty peaks rising to altitudes estimated by Mr. Calkins
at 8,500 to 9,000 feet. Ile describes the scenery of this part of the Cabinet Mountains as alpine
in character, with rock-rimmed tarns and even a few small waning glaciers lying in deep cirques
on the north side of the pinnacled crest.

North of the Cabinet Mountains and lying mainly in British Columbia is the Purcell Range
as defined by Daly. The southern end of this range is at Jennings, in the bend of Kootenai
River; the northern end near Donald, at the junction of Columbia and Duncan rivers. The
general trend of this range is north-northwest. It is bounded on the west, from Bonners Ferry
northward, by the Purcell trench, and along most of its eastern foot by another linear depres-
sion, called by Daly the Rocky Mountain trench, which extends from Flathead Lake to the
Kootenai at its eastern crossing of the international boundary and thence coincides with the
valleys of the Kootenai and Columbia, extending into British Columbia far beyond the region
here under consideration. Between the international boundary and Jennings Kootenai River
separates the Purcell Range from the Flathead Mountains, which extend southward between
the Rocky Mountain trench and the Cabinet Mountains.

Mr. Calkins, who examined the part of the Purcell Range lying within United States terri-
tory, reports that the range is not of particularly rugged topography, although some of the
summits attain an altitude of 7,500 feet. At their western edge the mountains overlook the
valley of the Kootenai near Porthill in a scarp of noble proportions.

The rugged Mission Range, which overlooks Flathead Lake from the east and stretches
southward to the vicinity of Missoula, is the last of the important mountain groups in this
general region which it is necessary to enumerate as lying between the Purcell trench and
the Columbia River lava plateau on the west and the chain of ranges forming the main Cordil-
leran crest on the east. To this chain, corresponding to the front ranges in Colorado, Daly
has applied the name Rocky Mountain system, a designation less happy than most of those
employed in his useful paper, owing to the general and indefinite use of the name Rocky
Mountains, which will still cling to ranges farther south that can not be included in the narrow
belt which he here calls the Rocky Mountain system. Here belong the Galton, Livingston,
and Lewis ranges near the international boundary, the last fronting the Great Plains to the
east, and the Swan or Kootenai, Big Belt, and other ranges farther south. It is possible, as
Mr. Calkins® has suggested, that the Mission Range should also be classed with the members of
this system.

GEOLOGY.

The remarkable topographic feature referred to as the Purcell trench divides the pre-
Tertiary rocks of the broad region here considered into two great terranes which are entirely
different both in lithological character and in structure.

West of the trench and north of the Columbia basaltic plateau, the rocks composing the
eastern slope of the Selkirk Range form a crystalline complex in which gneisses, fine-grained
siliceous schists, and metamorphosed limestones are cut by granitic intrusives. The mineral-
ogical composition of these schists, which are mainly fine-grained quartz schists, usually with
muscovite, biotite, and sillimanite in various proportions, and their association with beds of
schistose quartzite and limestone, show beyond question that the series as a whole originally
consisted of sediments—mainly fine-grained sandstones with subordinate beds of limestone.
There are some hornblende schists, containing epidote and calcite, which have probably been
derived from dioritic or similar igneous rocks, but these are wholly subordinate to the prevailing
siliceous varieties. The sediments have been folded, squeezed, and contorted until their
broader stratigraphy is no longer legible. In general, the dip of the schistosity, as well as of
the bedding where this is discernible, is nearly vertical. It is probable that the metamorphism
is directly related to the granitic intrusions, which are batholithic in character and presumably
underlie much of the schist at no great depth.

aManuscript of reconnaissance. b Oral communication.
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The granitic intrusions are rarely true granites. They usually contain a considerable
proportion of plagioclase and are for the most part quartz monzonites or granodiorites, thus
suggesting a comparison with the quartz monzonite of the Central Idaho batholith, which is
probably post-Triassic. The gneisses are in part at least of similar character and appear to
have been derived from the massive intrusives by pressure subsequent to solidification. Wher-
ever the granitic gneisses were found'in contact with the siliceous schists the former are clearly
intrusive into the latter. It is possible that some of the granitic gneisses exposed along the
west shores of Ceeur d’Alene and Pend Oreille lakes and along the Great Northern Railway
between Spokane and Bonners Ferry may be older than the schists just described, but this
seems doubtful.

The age of this assemblage of rocks is unknown: The Shuswap series of Dawson?® as
described by him west of Kootenai Lake, presents some features of resemblance to them, but
Daly,® who has spent several seasons in a study of the geology along the Canadian side of
the boundary, points out that any final correlation between the two sections is as yet premature.
Dawson ¢ assigns the Shuswap series to the Archean and compares it with the Grenville series
of Quebec.

Near the international boundary the group of schists just described continues without
notable change in general character from Kootenai River (Purcell trench) westward to the
main crest of the Selkirk Range (locally known as the Quartzite Range), or approximately to
- longitude 117°. Here it is succeeded by a thick series of quartzites with bands of squeezed
schistose conglomerate near the base. The quartzites, which in places show the bedding plainly,
strike north and south and are nearly vertical, but seem to have a general western dip of about 85°.
The width of this zone of quartzitic rocks is probably about 10 miles, but its western limit is
not well defined, the beds of quartzite becoming thinner, more schistose, and associated with
increasingly numerous bands of dark slaty schists, with occasional lenses of limestone. The
quartzites, which are in many places schistose, are cut by masses of granite and granitic gneiss.
Daly? refers to a great unconformity between these partly schistose quartzites and the finer-
grained, more thoroughly schistose rocks on the eastern side of the divide and states that the
apparent thickness of the quartzites is increased by overthrust faulting. Although the presence
of conglomerates suggests such unconformity, yet these pebbly bands occur at several horizons,
intercalated with schists and schistose quartzites, and the writer of the present outline was
unable, in the course of the hasty reconnaissance in 1901, to procure decisive evidence of
stratigraphic discordance. Farther west the quartzites are succeeded and probably overlain
by finely laminated siliceous schists with some quartzite and rather numerous lenses of limestone,
all cut by granitic intrusions.

There is no marked lithological change and no evident unconformity in these rocks between
the quartzitic zone and slaty schists neay Columbia River. The general metamorphism becomes
less intense in this direction, although in the vicinity of large granitic areas such as that lying
between Metalline, on Clark Fork, and Northport, on Columbia River, thoroughly crystalline
schists are abundant.

In the way of summary it may be said that from Kootenai River westward to the Columbia
the rocks constitute a much disturbed, highly folded complex in which the metamorphism of
the sediments generally diminishes in intensity westward, but which only detailed study can
successfully resolve into structural or chronological subdivisions. So far as known, no fossils
have been found in this entire stretch of 50 miles along the international boundary, and the
age of the rocks has not been determined. Although it appears probable that some of them
may be correlated with Dawson’s Shuswap, Nisconlith, and Adams Lake or Selkirk series, yet
there are indications that conSIderably younger rocks are involved in the complex. Daly

a Ann. Rept. Geol. Survey Canada, new ser., vol. 4, 1890, pp. 30 B-33 B. See also Rept.of Progress, Geol. Survey Canada, 1877-78,
1879, pp. 96 B-101 B.

bSummary Rept. Geol. Survey Canada for 1903, 1904, p. 94.

¢ Brit. Assoc. Rept. for 1897, 1898, p. 636.

d Summary Rept. Geol. Survey Canada for 1903, 1904, p. 95.

¢ Summary Rept. Geol. Survey Canada for 1902, 1903, p. 143.
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considers that there is indirect evidence for the Carboniferous age of the rocks exposed along
Pend Oreille River (Clark Fork) and extending westward across the Columbia to Kettle River,
thus suggesting a comparison with the Cache Creek group of British Columbia. It is from the
north that the problem of determining the age of these metamorphic rocks can be attacked
with the best prospect for success. The beds are apparently destitute of fossils south of the
international boundary, and the cover of Columbia River basalt on the south leaves little hope
of connecting them in that direction with rocks of determinable age.

To the compressed, metamorphosed, and heterogeneous complex just described, the rocks
east of the Purcell trench offer a striking contrast. They consist of a thick accumulation of
prevailingly arenaceous sediments which show no pronounced regional metamorphism and in
which the essential structural features are open folding and extensive faulting. The total
thickness of these sediments is estimated by Walcott ¢ at 37,000 feet. They are pre-Cambrian
in age and constitute the great Belt group of the Algonkian system, which is known to extend
from the Belt Mountains across the Rocky Mountain chain to the Purcell trench. Some of
the mountain ranges, notably the Purcell, Cabinet, Coour d’Alene, Livingston, and Lewis, are,
with the exception of comparatively small igneous masses, composed entirely of Belt rocks.
In others, such as the Mission Range ? and the Belt Mountains,® the Algonkian beds are partly
concealed beneath Cambrian and later strata, and in the region adjacent to Butte and Helena¢
these ancient sediments have been invaded by granitic batholiths now exposed over consider-
able areas. In the Bitterroot and Clearwater mountains, also, the Belt group extending south-
ward from the Coeur d’Alene Mountains is invaded and probably for the most part cut off by
the great granitic batholith of central Idaho.e

In the Phillipsburg district, Montana, northwest of Butte, Mr. Calkins / has found a thick
series of conformable beds overlain with striking unconformity by the Cambrian Flathead
quartzite. The general succession of these pre-Cambrian beds is similar to that in the Ceeur
d’Alene district, but differs in the greater total thickness of the reddish beds that form the
upper part of the series in both districts and the smaller aggregate thickness of the siliceous
beds that constitute the middle portions of both stratigraphic columns.

The Belt sediments are apparently coarsest in the Purcell Mountains and seem to grade
toward the east and southeast into shales and limestones, indicating, as Daly ¢ points out,
that the Algonkian land mass whence the bulk of the sediments were derived lay to the west
and northwest of the Purcell Mountains. Walcott @ finds a trace of an eastern shore line also
near Neihart, Mont., where the basal conglomerate of the Belt rests upon Archean rocks. Along
the western border of the terrane no base has been found. The Prichard slate, the oldest forma-
tion in the Ceeur d’Alene Mountains, and the Creston quartzite, the oldest formation in the
Purcell Range and probably the stratigraphic equivalent of the Prichard, are cut off along
the Purcell trench without any exposure of true basal beds.

The most striking tectonic feature of the western part of the Algonkian terrane is the
existence of great faults of general northwest trend. The courses of Kootenai River and Clark
Fork where they serve as boundaries between the Purcell, Cabinet, and Ceeur d’Alene moun-
tains are at least partly determined by faults of this group,* and another, the Osburn fault,
is one of the most pronounced features of the geological structure of the Cceur d’Alene district.

It is not the purpose of this outline to discuss the correlation of the various Algonkian
sections studied by the writers of this report in the Ceeur d’Alene district, by Daly in the Pur-
cell Range, by Willis in the Lewis and Livingston ranges, by Walcott in the Mission and other

a Algonkian formations of northwestern Montana: Bull. Geol. Soc. America, vol. 17, 1906, p. 27.

b Walcott, C. D., Algonkian formations of northwestern Montana: Bull. Geol. Soc. America, vol. 17, 1906, p. 3.

¢ Little Belt Mountains folio (No. 56), Geologic Atlas U. S., U. 8. Geol. Survey, 1899.

dButte Special folio (No. 38), Geologic Atlas U. 8., U. S. Geol. Survey, 1897. Barrell, Joseph, Geology of the Marysville mining district,
Montana: Prof. Paper U. S. Geol. Survey No. 57, 1907, p. 54.

e Lindgren, W., A geological reconnaissance across the Bitterroot Range and Clearwater Mountains in Montana and Idaho: Prof. Paper
U. S. Geol. Survey No. 27, 1904, p. 16.

f Oral communication.

g Summary Rept. Geol. Survey Canada for 1904, 1905, p. 96.

' Calkins, F. C., reconnaissance manuscript.
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ranges farther east, and by Weed in the Little Belt Mountains. The reader who wishes to
pursue the subject further is referred to the recent paper by Walcott ¢ and to the forthcoming
reconnaissance bulletin by Mr. Calkins. Some further treatment of the same subject will be
found also in the portion of this report dealing with the general geology of the Cceur d’Alene
district, by Mr. Calkins.

The absence of any visible stratigraphic base to the Belt rocks along the Purcell trench
suggests that this feature corresponds to a zone of faulting whereby the Algonkian sediments
on the east have been dropped against the crystalline rocks on the west. Daly,> working
north of the international boundary, notes that the Algonkian has been faulted down against
the “much older crystalline mass” to the west of the Kootenai Valley. He concludes that
the valley has probably been eroded along a zone of faulting.

That the trench corresponds to a fault zone is probably true, but it is by no means certain
that the rocks immediately west of the zone are Archean or that they are a part of the ancient
floor upon which the Belt sediments were laid down. Mr. Calkins ¢ observed in 1905 that the
Creston quartzite north of Bonners Ferry is intruded by a porphyntlc quartz monzonite. This
granitic intrusive extends northward to Porthill and is probably the same as that mentioned
by Daly as forming Rykert Mountain. This rock passes into gneissic modifications, and it is
quite possible that the augen gneiss which occurs west of Kootenai River near the boundary .
and which constitutes part of the crystalline complex may be really post-Algonkian. In other
words, the crystalline schists west of the Purcell trench may be Algonkian or even younger
sediments which owe their intense metamorphism to the intrusion of post-Algonkian granitic
rocks accompanied by intense deformation. It is thus evident that the geological interest of
the Purcell trench, quite apart from problems connected with its Tertiary and Quaternary
history, is by no means exhausted. The relations of the sharply contrasting rocks on either
side still invite detailed investigation.

The region adjacent to the Coeur d’Alene district contains no direct record of post-Algonkian
sedimentation. If Paleozoic or Mesozoic rocks were deposited, they appear to have been
entirely removed prior to Miocene time. At the beginning of the Miocene the Belt sediments
had probably long been folded and faulted into essentially their present structure and erosion
had sculptured them into a topography not greatly different from that of to-day, as shown by
the fact that the Miocene lava flood sent tongues of basalt up existing valleys. Thus Ceeur
d’Alene Lake occupies a river valley which was filled in part with basalt in Miocene time, was
afterward recut by the original river, leaving terraces of basalt on the old slopes, and was finally
dammed on the north by a deposit of Pleistocene gravels which may have been transported
southward along the Purcell trench from the retreating ice front, resulting in the formation of
the lake and the backing up of the water in Cceur d’Alene and St. Joseph rivers.

It is not possible to fix accurately the age of the principal deformation of the Belt rocks
in the Cceur d’Alene region. Lmdgren @ has shown that the quartz monzonite batholith of the
Bitterroot and Clearwater mountains is probably post-Jurassic. That intrusion was undoubt-
edly associated with orogenic uplift and with deformation of the sedimentary rocks. It is
likely that most of the folding and faulting of the Cceur d’Alene beds occurred at this time,
although it is possible that several earlier epochs of deformation may have affected the region
during the long interval between the close of the Algonkian and the post-Triassic granitic
intrusion. After the intrusion the whole of central and northern Idaho was uplifted as a plateau
and this plateau was deeply dissected prior to the eruption of the Columbia River lava.

a Algonkian formations of northwestern Montana: Bull. Geol. Soc. America, vol. 17, 1906, pp. 1-28.
b Summary Rept. Geol. Survey Canada for 1903, 1904, p. 97.

¢ Reconnaissance manuscript.

4 Op. cit., p. 2C.
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A. TOWN OF WALLACE, FROM THE WEST.

The mouth of Ninemile Creek appears on the left. Beyond may be seen the valleys of Canyon Creek on the left
and of the South Fork of Coeur d’Alene River on the right.

B. TOWN OF MULLAN, FROM THE WEST.

The narrow-gage railway of the Morning mine appears in the foreground. In the distance, beside the old Mullan
road, is the mill of the Gold Hunter mine. To the right of the river are gravel terraces.
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INDUSTRIES AND SETTLEMENTS WITHIN THE CEUR D’ALENE DISTRICT.

Were it not for the mines, the Ceeur d’Alene district would be nearly as complete a wilder-
ness as when Lieutenant Mullan constructed the first road across the Ceeur d’Alene Mountains,
forty-five years ago. There is almost no arable land, and the timber, while good enough for
mining purposes, would probably not have been sufficient inducement to bring railroads into
the region. Mining is the one paramount industry of the district, and upon it all others depend.
The gross value of the metallic product in 1906 was, in round figures, $16,000,000. Approxi-
mately 4,000 men are employed in the mines and concentrating works, and the total population
of the district is estimated at 8,000 to 10,000.

Wallace (P1. ITI, A), the principal town and the seat of Shoshone County, contains about
3,500 people and is situated at the confluence of Canyon and Ninemile creeks with the South
Fork of Ceeur d’Alene River. This situation and the fact that it is the terminus of the Oregon
Railroad and Navigation Company’s line from the west and the Cceur d’Alene branch of the
Northern Pacific Railway from the east make it the chief distributing point of supplies for the
district. Branch railway lines run from Wallace up Ninemile Creek and up Canyon Creek to
the town of Burke (Pl. XXIV, B, p. 168). Mace, Black Bear, and Gem are mining hamlets
between Wallace and Burke. The town next to Wallace in importance is Wardner (PL. IV, A4,
p- 22), near the western border of the district. This town, with the adjoining settlement of
Kellogg on the north, depends for its existence on the Bunker Hill and Sullivan and Last Chance
mines. As the workings in these mines increase in depth and the upper levels become aban-
doned, Kellogg, with its advantage in position, is likely to become the more important place.

Mullan (Pl. III, B), 6 miles due east of Wallace, is the local supply point for the Morning,
Gold Hunter, and Snowstorm mines. Murray, on the north side of the district, is now a town
of small commercial importance; but it is well situated, and as there is some likelihood, in view
of the increasing prominence of the lead-silver deposits near the head of Prichard Creek, of a
railway being built up the North Fork of the Ceeur d’Alene, this old center of the gold-mining
industry may experience a revival of prosperity.
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PART L—-GENERAL GEOLOGY.

By Fraxg CatacArRT CALKINS.

CHAPTER I. TOPOGRAPHY.

GENERAL CHARACTER.

The Ceeur d’Alene district is one of strongly marked relief. It contains no extensive flat
areas, either on valley bottoms or plateaus, and its surface is composed in greater part of steep
slopes produced by the erosion of multitudinous branching streams. The profiles of the principal
streams and of the main ridge crests display, however, a rather close approach to horizontality.
If the streams have not excavated very broad valleys, they have, on the other hand, rather
gentle grades in proportion to their length, and their lower courses have alluvial borders of con-
siderable width., The uniformity of level shown by the principal crest lines, as illustrated in
PL. 1V, is a rather striking feature of the topography. A large proportion of the upland surface
lies at elevations of 5,500 to 6,500 feet, and its general aspect in views from commanding stations
suggests a dissected plateau. In short, the character of the topography of the region is such as
might result from the thorough dissection by streams of a former surface of low relief.

Owing to the prevalence of even sky lines and to the lack of such diversity as is given to
some other regions by the contrast of broad areas of level ground with adjacent masses of hills,
the scenery of the Ceeur d’Alene Mountains, in spite of its strong relief, tends to be monotonous.
Tt is redeemed, however, by certain details of sculpture due to the powerful agency of its vanished
glaciers. On the northerly sides of the more lofty peaks and ridges lie steep-walled cirques,
many of which contain blue rock-rimmed lakelets, and others luxuriant flowery meadows.

DRAINAGE.

The dominant watercourses of the district are the North and South forks of Ceeur d’Alene
River, which unite a few miles beyond the western boundary of the district. Of these the
North Fork is by far the larger. Although broken here and there by rapids, its current is for
the most part gentle, its fall within the district being about 10 feet to the mile, and it is navigable
for small boats. The South Fork, which has its source but little beyond the eastern boundary
of the district, is hardly to be ranked as a river. Its average gradient in its course through
the district is about 80 feet to the mile, and its waters, opaque with gray mud from the concen-
trating mills, are turbulent and shallow.

The only important streams that head in the district on the Montana side of the Ceeur
d’Alene crest are St. Regis River and Prospect Creek, the first of which joins the Missoula,
while the second flows directly into the Clark Fork of Columbia River.

The principal tributaries that enter the North Fork of Ceeur d’Alene River within the
district are Prichard and Beaver creeks, both of which, considering their size, have low gradients
and broad valleys. The largest affluent of the South Fork, almost equal in flow to the main
stream above the junction, is Canyon Creek, so called from the steep-walled ravine which it
has made for itself in the hard rocks through which it flows. Ninemile Creek, which empties
only half a mile farther west, is a shorter stream, which has, however, a grade practicable for a
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railroad for several miles from its mouth. Several other short streams with bottoms broad
enough to afford some land available for agriculture flow into the South Fork from the north
side. The tributaries that enter it from the south are mostly short and occupy narrow, steep-
sided gulches; but there are two, Big Creek and Placer Creek, which drain extensive basins.

PRINCIPAL FEATURES OF RELIEF.

The highest ridges in the district are in general the divides between the largest streams, and
their height diminishes in proportion as the intervening valleys broaden. A gently rolling surface
tangent to the highest summits would accordingly have a very gradual slope to the northwest,
away from the two principal divides that cross the area and toward the junction of the two
streams into which most of it drains. These divides, rather sinuous and uneven in height, and
rising little above the general level of the hills on either side, are, first, the main crest of the
Cceur d’Alene Mountains, already mentioned; and, second, the ridge that forms the southern
limit of the basin of Ceeur d’Alene River, and parts its waters from those of the St. Joseph. The
former, although without any very conspicuous summits, has the greatest average elevation of
any ridge in the district; the latter, somewhat inferior to it in average height, bears Stevens
Peak, the dominant summit of the northern part of the Ceeur d’Alene Mountains. This peak
lies near the junction of the two principal ridges and not far from the southeast corner of the
area mapped. The lowest point, that at which the main fork of Ceeur d’Alene River leaves the
district, is near the opposite or northwest corner. The elevations of these two points are
respectively 6,826 feet and 2,240 feet, and the difference, 4,386 feet, gives a measure of the com-
paratively high relief of the region.

Two prominent spurs form the divides on either side of Canyon Creek. The more northern
one has several of the highest summits of the region, the most important being Granite, Tiger,
and Custer peaks. The western part of the district has a less accentuated topography than the
eastern part, and contains few prominent summits. The hills between the forks of Coeur d’Alene
River are rounded, brushy, and monotonous in aspect. Kellogg Peak, however, 6,296 feet above
the sea, and a summit of almost the same elevation a mile farther west, rise boldly at the head
of the stream that drains through Wardner, and are the more conspicuous because they so mark-
edly dominate their surroundings.
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4. VIEW LOOKING NORTH OVER THE CCEUR D’ALENE MOUNTAINS FROM THE STEMWINDER
TUNNEL ABOVE WARDNER.

Shows mature dissection of plateau-like uplift. Town of Wardner in foreground; Kellogg in the middle ground,
partly concealed by the conical hill known as Haystack Peak.

B. VIEW LOOKING EAST FROM HAYSTACK PEAK UP THE SOUTH FORK OF CCEUR D'ALENE
RIVER TOWARD THE CREST OF THE RANGE.

Shows the gradual slope and evenness of ridge lines characteristic of the western versant of the Cceur d’Alene
Mountains, and terraces south of the river in the middle distance.







CHAPTER II.—STRATIGRAPHY.

GENERAL CLASSIFICATION OF ROCKS.

The rocks of the Ceeur d’Alene district may be divided for purposes of description into three
main groups. The first comprises the pre-Cambrian sediments of the Belt group, whose broad
features and distribution have been indicated in the general introduction. These are the only
consolidated sedimentary rocks of the district, which affords no exposures of an underlying
Archean complex or of the later Paleozoic strata that are found to the east. In the second group
are the igneous rocks intruded into the pre-Cambrian sediments. In the third are the unconsoli-
dated deposits of sand, gravel, and silt, Tertiary and Quaternary in age, which lie in patches
upon the eroded surfaces of the ancient rocks and form the floors of the valleys.

PRE-CAMBRIAN SEDIMENTS.

SUCCESSION AND GENERAL CHARACTER OF FORMATIONS.
INTRODUCTORY STATEMENT.

The subdivision of the pre-Cambrian series in the Ceeur d’Alene district must be based,
in the absence of fossils, on lithologic grounds alone. It is fortunate, therefore, that the
district, although on the whole rather poor in exposures, contains a number of well-exposed
sections and that the stratigraphic column falls into natural divisions each characterized by
lithologic features of diagnostic value. This makes it possible to work out the general sequence
of beds. For purposes of mapping and description the series has been divided into six forma-
tions. Although these formations, regarded as wholes, are well-individualized units, the
precise horizons of the division planes that separate them are matters for somewhat arbitrary
decision. Without exception, contiguous formations grade one into another and they all
succeed one another conformably. In the descriptions which follow, the criteria by which
the planes of separation are fixed will be set forth as clearly as possible, and emphasis will be
placed on the distinctive characters of each stratigraphic unit.

The following brief characterization of the formations, in order of age, is intended to give the
reader a general conception of the character of the pre-Cambrian sediments in the Cceur d’Alene
district, and to lay a foundation for an attempt at broad correlation with the formations of
other regions.

PRICHARD SLATE.

The Prichard formation is named from Prichard Creek, which drains a large part of the
most extensive area occupied by this formation within the Cceur d’Alene district. It is a
very thick accumulation of sediments, composed in greater part of argillite (indurated mud),
regularly banded in lighter and darker shades of blue gray. The weathered surface is com-
monly stained with reddish-brown oxide of iron. The formation comprises also some gray
indurated sandstone, which occurs at various horizons, but is especially abundant near the
top. The upper strata, besides being more siliceous than the lower, are characterized by
abundant evidences of deposition in shallow waters. Their character is intermediate between
that of the main body of the Prichard and that of the overlying Burke, but they contain a
considerable amount of the characteristic bluish argillite.

The general aspect of the formation as seen in distant views is determined by the dark
color prevailingly shown by both fresh and weathered surfaces, and by a general scarcity of
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prominent outcrops, except where some of the thicker beds of sandstone reach the surface.
The formation is more easily eroded than those which overlie it and does not form any of the
higher peaks in the district.

BURKE FORMATION. '

The Burke formation is so named because of its extensive areal development and good
exposure in the vicinity of the town of Burke. It is composed of siliceous rocks, prevailingly
fine grained, thin bedded, and of a light greenish-gray tint. Their lithologic character ranges,
however, from that of fairly pure, nearly white quartzite to that of dark-gray siliceous shale.
The quartzite is more abundant in the upper and the shale in the lower part of the formation,
which therefore exhibits a transition into the quartzitic and argillaceous formations that lie
above and below it, respectively. The Burke formation is characterzied from top to bottom
by shallow-water features.

In comparison with the Prichard, the Burke is distinguished by lighter color and stronger
resistance to erosion. Extensive exposures of it, little obscured by vegetation, are common,
and it forms many of the more lofty summits of the district, as, for example, Custer and Tiger
peaks.

REVETT QUARTZITE.

The Revett formation is named from Revett Lake, east of Granite Peak. Although the
lake basin does not itself lie in this formation, the steep slopes that border the basin on three
sides are carved from its rocks.

The formation is composed mainly of hard white thick-bedded quartzite, although it com-
prises some softer arenaceous beds. In general the middle part of the formation is the most
purely siliceous, and the lowermost and uppermost parts are softer and thinner bedded, thus
approaching the contiguous formations in lithologic character.

The Revett quartzite is, of all the formations in the district, the one which most strongly
resists erosion and which is with greatest difficulty decomposed into soil. It, therefore, con-
stitutes the summits of many elevated peaks and ridges, of which Kellogg Peak, Granite Peak
and the ridge south of it, and Snowstorm Peak are among the more conspicuous examples. It
breaks down into angular blocks that form extensive talus slopes, the one on the west side of
the Granite Peak ridge in particular constituting a white expanse that catches the eye even
at a distance of many miles. (See Pl. XXIV, B; hill in background.)

ST. REGIS FORMATION.

The stratigraphic unit next above the Revett quartzite has been named the St. Regis
formation because of its extensive development about the headwaters of St. Regis River. This
formation resembles the Burke in the general composition and texture of its rocks, which are
indurated shales and sandstones abundantly marked with sun cracks, ripple marks, and other
evidences of deposition in shallow water. In contrast to the light-colored Burke rocks, however,
the St. Regis beds are dark green or purple, the latter color being especially characteristic.

In resistance to erosion, this formation is about equal or perhaps a little inferior to the
Burke. It forms no very conspicuous summits, but is exposed in a number of precipitous cliff
sections, as, for example, on the North Fork of Ceeur d’Alene River and west of Twentytwo
Mile Creek.

WALLACE FORMATION.

The Wallace formation is named from the principal town of the district, which is surrounded
by hills carved from the formation, and whose vicinity affords several good though not very
extensive exposures of portions of it. The Wallace consists chiefly of thin-bedded rocks which
contain in considerable amount the carbonates of calcium, magnesium, and iron. This feature
of its composition is highly characteristic, and distinguishes it from all other formations in the
district. The formation exhibits a greater range of lithologic variation than any of the others,
the general types comprised in it being argillites, limestones, more or less magnesian, and indu-
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rated sandstones, with intermediate varieties composed of varying amounts of mud, sand, and
carbonate. The lower part is composed chiefly of green slate containing more or less carbonate;
the middle part of thin alternating layers of impure limestone, bluish and greenish-gray argil-
lites, and a light-colored indurated calcareous sandstone or quartzite; and the upper part
chiefly of more or less calcareous argillite with some thin laminz of limestone.

The Wallace formation is composed on the whole of more easily weathered rocks than any
of the other Cceur d’Alene formations, and their decomposition gives rise to a fertile soil. Its
bold outcrops therefore have relatively small area in comparison with its total surficial develop-
ment, and it supports a heavy growth of vegetation. It is exhibited, however, in some good
exposures, of which those near Stevens Peak are the most extensive.

STRIPED PEAK FORMATION.

The Striped Peak formation is named from a mountain situated between the heads of Big
Creek and Placer Creek, on whose crest its varicolored beds, dipping at a moderate angle, are
well exposed and give the peak the appearance which suggested its name. The formation,
whose top has been removed by erosion, is so similar to the St. Regis that further description
of its lithologic character is unnecessary at this point.

RESUME.

The succession, general lithologic character, and approximate thickness of the Algonkian
formations are summarized in the following table, in which the formations are numbered in
order of age.

Generalized tabular section of Algonkian rocks in the Cour d’ Alene district.

|

| Approximate
No. ‘ Name: Description. thickness
in feet.
6 | Striped Peak formation...... | Sandstones, siliceous, gensrally flaggy to shaly; colors mostly green and purple; charac- 1,000+
teriged by shallow-water features, as ripple marks, sun cracks, etc. Top removed by
erosion.
5 | Wallace formation........... Thin bedded, bluish and greenish, more or less calcareous shales, underlain by rapidly 4,000
alternating thin beds of argillite, calcareous sandstone, impure limestone; these under-
lain in turn by gray-green siliceous argillites. Ripple marks, suncracks,etc., throughout.
4 | St. Regis formation.......... Indurated shales and more or less flaggy sandstones; colors mostly green and purple; 1,000
characterized by shallow-water features.
3 | Revett quartzite............. White quartzites, generally rather thick bedded; interstratified with subordinate quan- 1,200
| . tities of micaceous sandstone.
2 | Burke formation............. Light-gray, flaggy, fine-grained sandstones and shales, mostly greenish, with a variable 2,000
amount of purple quartzitic sandstone and white quartzite. Shallow-water features
throughout.
1 | Prichard slobe ... sescoacmsns Mostly argillite, blue-black to blue-gray, generally showing distinct and regular banding. 8,000+
Considerable interbedded gray indurated sandstone. Upper portion characterized by
numerous alternations of argillaceous and arenaceous layers, and by shallow-water
features. Base not exposed. T 200—

REGIONAL CORRELATION.

Nearly all the investigators of the Belt group whose work has been mentioned in the gen-
eral introduction have applied local names to the subdivisions of the series which they have
recognized in their respective fields of study. Most of them, indeed, have been constrained to
such a procedure by the lack of data for correlation with type sections. The authors of the
present report, however, have retained local names for the pre-Cambrian formations of the
Ceeur d’Alene district, in spite of the fact that this difficulty has been in great measure removed
by Walcott’s recent comparative review of the whole field of Belt stratigraphy,® and his general
correlation, presented in tabular form, of the various sections examined by himself and others.
There still remain several obstacles to the application of a uniform scheme of nomenclature to
the whole region and to the application of the oldest formation names in any given district.
Although rough equivalency between certain large groups of strata may now be asserted, the

a Algonkian formations of northwestern Montana: Bull. Geol. Soc. Ameriea, vol. 17, 1906, p. 18.
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equivalency between minor subdivisions can not be established until by detailed work the
changes of each formation have been traced from point to point. Moreover, large masses of
strata, in one region too homogeneous for subdivision, become gradually differentiated, so that
in another region they comprise two or more lithologically distinct members. Both the large
and the smaller units are ‘‘formations” in the ordinarily accepted sense, but the restrictions
imposed on the employment of such terms as ‘‘formation,” ‘“‘group,” and ‘‘series”’ by Survey
usage obviously make adjustment difficult in such a case. Evidently, therefore, the harmon-
izing of the nomenclature of the Belt group, though desirable, is an object whose attainment
must be deferred without impatience for some years to come.

The attainment of this object and general study of the pre-Cambrian of Montana and Idaho
may be furthered a little, however, by indicating how far the stratigraphic subdivisions recog-
nized by various authors may be correlated. The discussion of this subject which follows
presents little that is original, for it is based chiefly on the work of Walcott, just referred to.
It takes account, however, of some data that were not available to him and omits the discus-
sion of some minor sections. The principal facts are presented in the accompanying correlation
table, whose arrangement follows Walcott in its main features. In this table the heavy lines
indicate the divisions that can be identified in more than one section.

The calcareous formation variously designated by the terms Newland, Altyn, Blackfoot,
and Wallace has been chosen by Walcott as the principal horizon for correlation, and this choice
is justified in several ways. Lithologically, this formation is distinguished by being one of
only two distinctly calcareous formations in a series composed predominantly of indurated
sandstones and shales. Throughout the region, although varying in detail, it is composed
chiefly of thin-bedded rocks rich in carbonates, which are in part ferruginous, as is shown by
the buff tints so generally characterizing weathered surfaces. Its limestones are generally
described as largely siliceous, and are very different from the purer, more distinctly crystalline
and thicker-bedded limestones which characterize the Paleozoic formations of this region. Its
thickness is relatively more constant than that of any other formation in the series, and it is
the only formation recognizable in all the principal sections. But perhaps its most important
qualification as a horizon marker consists in the fact that in many localities crustacean remains,
worn trails, etc., constituting a sparse but characteristic fauna, have been found near its upper
limit.

Immediately beneath this calcareous formation there is found in most sections an assemblage
of light-colored siliceous beds, named Ravalli ‘‘series,” Kitchener quartzite, etc. These seem
to attain their maximum development in the Swan Range, but are nearly as thick in the Cabinet
and Purcell ranges. In the Cceur d’Alene district their thickness is considerably less than to
the north and east, but still very great. Southeastward from the Swan Range toward the Belt
region their thickness markedly decreases. The Phillipsburg section contains only about
2,000 feet of beds apparently representing this division, and in the Belt region no corresponding
formation has been recognized. The upper part of the Chamberlain shale, however, is described
as gray,? and is probably as nearly allied lithologically to the Burke formation of the Cceeur
d’Alene section as to the Prichard, which the lower dark-colored part of the Chamberlain forma-
tion resembles; it may therefore be representative of the coarser siliceous beds in question,
exemplifying the general increase in the fineness of the sediments which may be observed in
traversing the region from northwest to southeast.

The lithologic homogeneity of this siliceous group varies considerably from place to place.
In the Ceeur d’Alene district it is readily divisible into three formations. In the Cabinet Range
the central part is locally similar to the Revett quartzite of the Cceur d’Alene section, but else-
where it is not distinct from the upper and lower parts of the group, which then can not be
subdivided. The purple and green tints which appear faintly in some of the lower beds are
more pronounced in the upper. In the Purcell Range the group as a whole has been named by
Daly the Kitchener quartzite, and appears to be incapable of subdivision. The Swan Range
section of the Ravalli “‘series” described by Walcott is apparently very similar to that observed

aWalcott, C. D., Pre-Cambrian fossiliferous formations: Bull. Geol. Soc. America, vol. 10, 1899, p. 209.




Correlation of principal sections of Algonkian sediments in Montana and Idaho.

|
| Forty-ninth parallel,

: Lewis and Livingston Phillipsburg district +ai , Ceeur d’Alene district Cabinet Range, western and between crossings of
Belt Mountains (Walcott). ranges (Willis). (Calkins). Mission Range (Walcott). (Calkins). central parts (Calkins). ‘ %{ ootenai River
Daly).

Top not seen.

Kintla. Shale,maroon red;

ripple marks, etc.; some Cambrian.
quartzitic and calecareous
T beds. 800 feet. Unconformity.
. Camp Creek. Sandstones,
—— Unconformity. Sheppard. ‘Quartzite, yel- gray, rather thin bedded.
Marsh. Shale, red, 800 feet. low, ferruginous. 700 feet. 1,762 feet.
i Shales and sandstones, medium
Siyeh.  Limestone, dark to thin bedded; color prevail-
Helena.  Limestone, with blue or gray, weathering Shales, sandstones, and ingly greenish gray, but in
some shale. 2,400 feet. buff, with shale inter- limestones. 1,560 feet. part red and purple. Shales
bedded. 4,000 feet. partly calcareous and weath-

______________ = ering buff. A little white
crystalline limestone, weath-

Empire. Shales, greenish | Grinnell. Shale, partl 3 1
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&= ripple-marked and sun . o L G zons. Base not seen. 10,000
Spokane. Shales, with thin cracked. 1,800 feet. ——Unconformity.——— - + feet.
beds of sandstone; deep Camp Creek. Shale and Sandstones, largely - 7
red. 1,500 feet. Appekunny. Shale, gray, sandstone, the latter pre- shaly, colors red and gray, Striped Peak. Shalesand shaly
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Greyson. Shales, mostly terbedded with white Color chiefly red. 5,000 + 700 feet below top. 3,887 sandstone, red and green. red; ripple marks, ete. 2,000 | Yahk. Quartzite. 500
dark gray. 3,000 feet. quartzite. 2,000 4+ feet. feet. feet. 1,000 + feet. + feet. feet.
. |

| -~
Altyn. Limestone, upper Wallace. Shales, more or ‘

b - ) 3 P s . : less calecareous, inter-

part thin bedded and | Newland. Limestone,thin | Blackfoot. Limestone, thin bedded with thin layers | Wallace.

Newland. Limestone, im- ferruginous; lower part bedded, more or less sili- bedded, more or less sili- Limestones, thin

i i : : - i f siliceous and ferrugi- bedded, siliceous and ferru- | - .
pure, weathering buff, grayish blue, massive, ceous and ferruginous, ceous; siliceous layers, 0 s | N Ll s | Moyie. Argillite.
with interbedded shale. | siliceous. 1,400 feet. passing into shale; gen- | weathering buff, inter- | 10US hmestgnes ang.cal— glnous,l mteiibeiléled hwi:g: 3,400 feet.

2,200 feet. e erally buff on weathered | bedded, with caleareo-are- | ~CAreoussan dstonle. L oy fear careousshales.
’ surface. 4,000 feet. naceous shales. 4,805feet. | Stomes . and calcareous {000 -+ Teet.
shales weather buft. 4,000

Base not exposed.
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e. 2, s ' 4 75 eet.

?Gﬂnetlgljeenls SAIG; 20} Sandstones,  greenish | Burke. Induratedsiliceous | thickest bedded and most : .
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by me between Thompson Falls and Eddy, where the middle beds of the group are more massive
than those above and below them. The succession in this region therefore resembles closely
that of the corresponding part of the Ceeur d’Alene section, but differs from it in that the middle
division of the Ravalli ‘“‘series” is less quartzitic than the Revett formation, of which it is prob-
ably the stratigraphic equivalent. The representative of the Ravalli ‘‘series” in the Phillips-
burg quadrangle consists mostly of quartzite a little less pure than that of the Revett formation,
but contains argillaceous beds in its upper portion. No subdivisions corresponding to those in
the Coeur d’Alene district are there recognizable.

The rocks beneath the Kitchener quartzite and its equlvalents vary still more in thickness
and character, but in all sections exhibit certain features in common, which constitute some
evidence of their correspondence. They consist in general of 1ndurated sandstones and dark
shales, the latter being especially characteristic. The argillaceous constituents predominate
in the Cceeur d’Alene district to a greater extent, apparently, than in any other locality. Fol-
lowed westward toward Cceur d’Alene Lake, the shales are seen to become somewhat more
arenaceous, and to the north the arenaceous character of the basal sediments becomes still more
pronounced. Observations made by me in 1905 were taken to indicate that in general the
Prichard formation of the Ceeur d’Alene district changes toward the northwest along its strike,
into the great mass of medium-grained indurated sandstone designated by Daly the Creston
quartzite. In the western part of the Cabinet Range, however, the upper part of this great
stratigraphic division displays very typically the prevailing character of the formation as seen
in the Ceeur d’Alenes. To the southeast, along the Cabinet Range, a somewhat abrupt change
in the character of the formation takes place, and in the extensive exposures along the lower
part of Flathead River it comprises several thousand feet of dark-bluish argillite that weathers
to a rusty color. In more easterly longitudes the rocks presumed to correspond to the Prichard
and Creston are not so extensively displayed and apparently show a progressive diminution in
thickness. In the Phillipsburg district complex deformation makes it impossible to measure
the thickness of the lowest divisions of the Belt group, but the observed aggregate thickness of
the Chamberlain and Neihart, whose base, however, is not exposed, is apparently much less
than that of the Prichard and Creston in the Cceeur d’Alene and Cabinet ranges. In the Belt
Mountain section, the only one in the broad region here considered where the base of the Belt
group has been observed, the combined thickness of the Chamberlain and Neihart formations
is only 2,200 feet.

The beds above the Newland limestone exhibit greater and more irregular variation than
those below it. They consist in larger part of shales and flaggy sandstones, here and there
passing into quartzites, but include in nearly all sections a well-defined calcareous stratum of
variable thickness, correlated by Walcott with the Helena limestone of the Belt Mountain
section. The stratigraphy of this upper part of the Belt in the Cabinet Range has not been
satisfactorily worked out.

The beds between the two main limestone horizons of the Belt group have a total thickness
::Whlc']g mrl_gey in'the sectlons where they are completely displayed, from 3,800 feet in the northern
* Roekisy to More than 7 ,000 feet in the Mission Range. They are characterlzed by red and gray
:cmlo:rs brt-dhes proportlon and succession of red and gray beds is variable. The limestone
I brinatidn ¢ormspbudiig to the Helena bears some resemblance to the Newland, in containing
considerable ferruginous and siliceous matter and in comprising shaly beds. It is one of the
most variable in thickness of all the Belt formations, and its correlative in the Cabinet Mountains
was not recognized with certainty. The uppermost part of the series consists in the Mission
Range of grayish thin-bedded sandstones, in the Belt region of red shales, and in the Lewis
and Livingston ranges of yellow quartzite overlain by red shales. In the central part of the
Cabinet Mountains are developed many thousands of feet of shales and sandstones, mostly
greenish gray, but in part bluish gray and in part maroon red. The uppermost part of the
Phillipsburg section consists of a great thickness of red beds, probably equivalent to the Camp
Creek ‘‘series” of the Mission Range, but comprising no distinctly calcareous layers.
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DETAILED DESCRIPTION OF FORMATIONS.
PRICHARD SLATE.
DISTRIBUTION AND EXPOSURES.

The Prichard slate, besides being the thickest formation in the Cceur d’Alene district, also
has the greatest areal development, and, as may be seen in PL. IT (in pocket), occupies about a
third of its surface. Its largest area constitutes most of the northeast quarter of the district.
The area second in extent lies north of the South Fork of Coeur d’Alene River, in the west-
central portion of the district. There are smaller areas in the Pine Creek basin, on Graham
Creek, and along middle and lower Canyon Creek.

The best exposures of the upper part of the Prichard occur about Glidden Pass and west of
Sunset Peak. Good outcrops of the lower portions are to be seen on Eagle Creek, south of
Murray, and along the South Fork of Ceeur d’Alene River east of Kellogg.

The Prichard is important economically as the gold-bearing formation of the district. It
is the country rock of the once important mines near Murray, and of other mines, now abandoned,

east of Wardner.
THICKNESS.

The formation consists of comparatively weak rocks and is less satisfactorily exposed than
any other in the district, for, though it does not usually support a heavy vegetation and small
outcrops are numerous, it is not displayed in any great cliff sections. As its outcrops are gen-
erally not continuous for great distances, its structure can not be worked out in detail. Neces-
sarily, therefore, any estimate of its thickness in this district is a rough one. Probably the
most reliable measure of it is to be obtained in the upper part of Butte Gulch, where the expos-
ures are comparatively good and the structure not complex; and the thickness indicated in a
cross section along this ravine is more than 8,000 feet. The apparent thickness on the section
across the Kellogg area is greater, but there the structure is somewhat more intricate, and the
estimate correspondingly less reliable.. ‘

Inasmuch as the rocks beneath the Prichard have not been observed within many miles
of the Cceur d’Alene district, it is probable that this formation includes a considerable thickness
of beds beneath the lowest horizon that reaches the surface within the area here described.

LITHOLOGY.

Megascopic features.—Owing to the lack of any sufficiently comprehensive and continuous
exposure, the succession of strata within the Prichard formation can not be worked out in detail.
As the formation is, however, comparatively simple in composition, a detailed section would
perhaps serve no purpose that is not answered by a generalized statement regarding the succes-
sion, which can be formulated without difficulty.

The bulk of the formation, excepting its uppermost part, consists chiefly of dark argillaceous
material, but interbedded with this is a considerable proportion of indurated sandstone which
in many places grades into the argillite, while part of it approaches quartzite in character.
These arenaceous layers are generally not heavy, but well down in the formation there are thick
beds of sandstone, which are especially well exposed in the vicinity of Prichard Creek. From
such beds are carved the more prominent hills south and north of Butte Gulch, whence indeed
the ravine presumably derives its name. They also give rise to extensive talus slopes north-
east of the upper part of Prichard Creek.

Within a few hundred feet of the upper limit of the formation, a fairly rapid though not
abrupt change in the character of the beds takes place. The indurated sandstones, sandy
shales, and quartzites increase in abundance, and in the uppermost part appears a greenish-
gray siliceous shale like that which constitutes the greatest part of the Burke formation. Most
significant as indicating the conditions under which these upper beds were laid down is the
appearance of such features as ripple marks and sun cracks, indicating deposition in very shallow
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water and frequent exposure to the atmosphere. The shallow-water feath a8 oceur throughout
the overlying Burke formation, and this fact, as well as the occurrence of gray siliceous shale,
like that which mainly composes the Burke, in the upper part of the Prichard, indicates the
gradual nature of the transition from the one formation to the other.

This gradual transition naturally causes difficulty in fixing the Burke-Prichard boundaries
and necessitates the choosing of some lithologic character which shall consistently be considered
as differentiating the two formations. The diagnostic feature of the Prichard is the presence
of a considerable amount of blue-gray argillite, for nothing like this typical rock is found in the
Burke formation proper except locally and in small amount. By taking this as a criterion it
is possible, where exposures are good, to draw the boundary between Prichard and Burke with
a precision comparable to the accuracy of the base map.

Of the shaly rocks which predominate in the Prichard formation, the most abundant
variety is a dark-bluish argillite of characteristic appearance (Pl. V, A). It usually has
distinct shaly parting, and its bedding is also marked by a very regular banding in darker and
lighter shades of blue-gray. When weathered; this rock is stained along bedding planes and
joints with reddish-brown iron oxide. It generally exhibits a slaty cleavage that is fairly dis-
tinct but nearly everywhere less pronounced than the shaly parting, which plays the more
important part in the disintegration of the rock. As a rule the cleavage is at a considerable
angle with the bedding, as may be seen on many weathered joint surfaces which intersect both.

The shaly beds in the upper siliceous part of the formation are rather more sandy and less
homogeneous than the rock just described.. The lamination is more marked and less regular.
Very characteristic of the upper Prichard is a rock made up of dark-blue argillite and whitish
arenaceous material, the argillaceous laming generally having sun cracks filled with the lighter-
colored indurated sand. The upper beds also comprise considerable greenish-gray fine-grained
siliceous shale and indurated flaggy sericitic quartzite, which, as they are abundant in the over-
lying Burke formation and will be described in connection with it, need not receive further
attention here.

The most typical phase of the arenaceous material interbedded with the argillites is a fine-
grained, compact, indurated sandstone, usually in rather thin beds. When taken fresh from
underground workings this rock is bluish or greenish gray, but when slightly weathered it is
brownish gray, and surfaces long exposed to the weather become bleached. This sandstone
rarely shows noticeable cleavage.

From this dominant type there are gradations into quartzite on the one hand, and into the
blue argillite already described on the other. The rock just described is found by microscopic
study to contain, in addition to quartz, considerable feldspar, mica, and argillaceous material.
By diminution in these constituents, it approaches a quartzite which is whiter and harder, and
generally not so fine grained, though nowhere coarse. The transition to clay slate is through
gray indurated sandy shales and shaly sandstones, which, as compared with the more argillaceous
rocks, are thicker bedded, less distinctly banded, and harder, while they also show slaty cleavage
less distinctly. .

Features characteristic of sediments laid down in extremely shallow water and exposed
occasionally to the atmosphere were in this region first abundantly developed in the upper part
of the Prichard formation. As they occur in profusion in nearly all the later formations, it may
be well to present the following brief geperal description, which will serve readers unfamiliar
with them for elucidation of many references in the pages devoted to the other stratigraphic
units. : ey

These features comprise ripple marks, sun cracks, and rain pits, which are described in many
text-books, and other features, less commonly noticed in the literature, designated here ‘“mud
breccias” and ‘‘pseudoconglomerates.”

Ripple marks appear as rounded ridges half an inch to an inch in width, separated by
narrow grooves, and give a peculiar corrugated appearance (see Pl. VI, A, p. 34) to slabs of
sandstone split parallel to the bedding. They are formed by the drag of the undertow on
gently sloping beaches, or by currents in shallow water.
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A. PRICHARD SLATE NEAR MOUTH OF ELK CREEK.

Shows the regular bedding and banding with characteristic joint planes nearly at right angles with the
bedding. Cleavage is here parallel te the planes of stratification.

B. TYPICAL LOWER BEDS OF THE WALLACE FORMATION, 13 MILES EAST OF WALLACE.

Shows irregular banding with rather indistinct cleavage crossing planes of stratification. Beds at this locality
are sharply folded.
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Sun cracks, or mud cracks, appear on slabs of shaly sandstone or sandy shale as veinlike
markings crossing one another irregularly. They are produced when mud exposed to the
action of the sun becomes partly dried at the surface and cracks because of shrinkage. When
the flats are submerged again they become covered with a layer of sediment Whlch fills the
cracks and which being generally of a different color from the fissured mud, helps to make these
features easily recognizable on planes of bedding or on joint planes that cut across the strata.

Certain small, round, shallow pittings in the surfaces of sandstone slabs are accounted for as
impressions of the raindrops of a light shower passing while the soft sediments were exposed
to the air; at the next submergence they became covered with a layer of mud and are thus
preserved intact for an indefinite time. These have been found only in the St. Regis formation.,

To certain rocks containing angular or slightly rounded fragments of fine-grained argillite
embedded in somewhat coarser-grained and more arenaceous material the term ‘“mud breccia”
may be given. This structure shows most clearly on weathered surfaces. The mud breccias
are generally found in association with sun cracks, and the angular fragments are supposed to
- be broken off from the edges of flakes of mud curled up by drying in the sun. These rocks come
under Walcott’s definition of ‘‘intraformational conglomerate,”® but constitute a variety not
observed by him.

‘““Pseudoconglomerate” is a term provisionally applied to certain rocks found near the
upper limit of the Prichard formation at the mouth of French Gulch. The beds there exposed
exhibit all the marks of shallow-water origin, and include some rocks made up chiefly of flattened,
very rudely ellipsoidal masses half an inch to 3 inches in diameter. These masses have some-
what the aspect of flat pebbles, but their lithologic character clearly indicates that they are not
pebbles in the ordinary sense of the term. They are composed mainly of compact fine-grained
sandstone, and on the faces of slabs split parallel to the bedding are covered with a thin film of
fine, dark argillitic material. The interstices between them are filled with this dark argillite,
which also forms discontinuous films within the ellipsoidal masses. There are no pebbles or
other fragments of foreign material in these rocks. It appears that they must have been formed
on a sloping shore by the waves rolling up masses of water-soaked sand which became flattened
horizontally by their own weight.

Microscopic features.—The mineralogical composition of the Prichard sediments is fairly
constant qualitatively, and is most readily determined in microscopic thin sections of the indu-
rated sandstones. These rocks are found to consist of grains that are angular to subangular
in outline and somewhat variable in size, with an. abundant cement filling completely all
the original pore spaces. Of the original grains, the great majority are of quartz, but there are
also many of feldspar, and the larger particles of the muscovite that is present are also probably
of detrital origin. Interstitial between the particles that are sufficiently large to stand out
clearly there is much very fine grained material consisting chiefly of sericite and quartz, mingled
with minute opaque particles. Part of this mixture doubtless represents the fine mud that in
the working over of the sands of which these rocks were made was not completely washed away
from the coarser grains, but it probably includes also much secondary material.

As might be expected, the composition of the finer-grained rocks differs from that of the
coarser chiefly in that the former contain a larger proportion of mica. Under the microscope
most thin sections of the argillites show alternate layers of different fineness. In the coarser
there are conspicuous grains of quartz and feldspar, irregular in form and size, embedded in a
very fine grained paste consisting mainly of sericite and quartz, with the former apparently the
more abundant. The finest layers consist of a turbid, almost cryptocrystalline quartz-sericite
mixture; some chlorite also occurs but it is not prominent and it is apt to be overlooked.
Opaque dust, probably carbonaceous, occurs most abundantly in the finest material.

Probably the chief petrographic interest of these rocks pertains to certain of their minor
constituents. Every slide contains numerous cloudy, whitish particles which, as Lindgren?®
has shown, are probably of titanic acid, a conclusion confirmed by the occasional occurrence

a Walcott, C. D. Paleeozoic intraformational conglomerates: Bull. Geol. Soc. America, vol. 5, 1854, pp. 191-198.
bMetasomatic processes in fissure veins: Trans. Am. Inst. Min. Eng., vol. 30, 1901, p. 604.
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of minute prisms of rutile on their borders. Rutile in isolated individuals is also visible with
high magnification in most specimens. Zircon is common in small irregular grains and prisms
which generally appear waterworn, so that this mineral, for the most part at least, is probably
clastic. Certain other minerals, however, which occur isolated or in small clusters, are evidently
of totally different origin. Of these tourmaline occurs in nearly every slide; siderite in most;
pyrite, magnetite, biotite; and chlorite in many; and calcite in a few. The mode of occurrence
of these minerals, characteristic of the region rather than of the formation, is remarkable in
that they commonly form individuals much larger than the clastic grains and bounded more
or less completely by crystal faces which cut across the latter. It is evident that they have
been formed through metasomatic replacement of the sedimentary material by substances
contained in liquid or gaseous solution. In general, tourmaline, magnetite, and pyrite are
more nearly idiomorphic than the other minerals. All of them tend to assume more perfect
crystal form in the finer-grained rocks than in the coarser ones, probably because the sericitic
material is more readily replaced than the quartz. The occurrence of some of these minerals
in its bearing on ore deposition is further discussed by Mr. Ransome on pages 95, 97, and 101.

Distinctive characteristics.—The Prichard formation can hardly be confused in the field with
any other. The regularly banded argillite which forms the greatest part of it is extremely char-
acteristic and easily recognized. Certain phases of the upper part of the Wallace formation
somewhat resemble it, but confusion is readily avoided even here by remembering, first, that
the Prichard nearly always weathers in dark reddish brown hues, in contrast to the yellow tints
characterizing weathered Wallace rocks, and, second, that calcareous material, more or less
abundant in the Wallace, is quite absent from the Prichard formation.

BURKE FORMATION.
DISTRIBUTION AND EXPOSURES.

The Burke formation is so named because of its extensive development about Burke,
where it forms the country rock of the important mines. Its areal development within the
district is large, and because of the strength of the rocks of which it is composed it forms many
peaks and ridges, and is exposed in many cliff sections. Large areas are present near the north-
east corner of the quadrangle, and in the northwestern part, where it forms the hills between
the forks of Cceur d’Alene River, but it is most extensively and clearly exposed in the area that
is crossed by Canyon Creek and extends eastward into Montana. The best exposures are prob-
ably those in the amphitheater that incloses Lower Glidden Lake. The steep glaciated walls,
stripped of forest growth by fire, show the edges of the entire formation and afford opportunity
to study the lithology of the beds in detail. Good exposures occur, however, in all parts of the
district, so that certain horizontal variations may be traced, though not continuously.

THICKNESS.

Probably the most reliable estimate of the thickness of this formation is afforded by a
measurement across the strike near the Glidden Lakes, for here the attitude is fairly constant
and there is no evidence of faulting. The value obtained is about 2,000 feet.

LITHOLOGY.

Megascopic features.—The Burke formation is composed of rocks that show all gradations
from nearly pure quartzite to siliceous shale. The quartzite beds are relatively more abundant
in the upper part of the formation; the lower part is more shaly. The upper and lower parts
thus approach the Revett and Prichard, respectively, in lithologic character, and the Burke,
- therefore, well exemplifies the fact that the formations of the Belt group generally grade into
one another. The proportion of quartzite in the higher beds of the formation also becomes
gradually larger from west to east, and beyond the limits of the district in that direction this
change, proceeding concurrently with a decrease in the purity of the Revett quartzite, obscures
the distinction between Burke and Revett.
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Even in the Ceeur d’Alene district the gradual passage from the Burke formation to the
Revett quartzite causes a difficulty in fixing a precise boundary much greater than that which is
experienced in delimiting the Burke from the Prichard, for in the present case we have no
definite criterion such as the presence or absence of a particular kind of rock. Quartzites like
those of the Revett occur in the Burke, and quartz-sericite rocks like the typical Burke occur,
though in subordinate amount, in the Revett formation. The boundary has been placed at the
horizon where the fairly pure quartzite begins to preponderate markedly over the softer mud-
stones. KEven where exposures are good, the line might not be drawn by a given observer
precisely at the same horizon in different places and at different times, nor would two observers
be apt to agree precisely as to where the boundary should be placed in a given section. In areas
where exposures are poor the difficulty is evidently much greater, for the outerops and the float
in the upper part of the Burke would contain an undue proportion of the quartzite, which would
resist weathering more than the other rocks. The boundaries between Burke and Revett are
therefore admittedly rough, and where the structure is complex, as in the vicinity of Wardner
and at places along Canyon Creek, they may be considerably in error.

The lithology of the Burke formation is well illustrated by the following descriptive section
of its upper part, measured on the slope west of Lower Glidden Lake. The beds are described
in descending order, and the section includes some of the overlying Revett quartzite, to show
the character of the transition between the two formations.

Section on west side of canyon below Lower Glidden Lake.

Feet.
Quartzite and siliceous sandstone, mostly pale greenish, finely banded or cross-bedded, generally
BpEekIG With TOM wnnmmnwass o6 mosmmmmbe m £ wmme somwm mm mom m . = nimeomomimio imis 5 S8 P 5 B oo 3 600
Gray-green fine sandstone with a bed of white quartzite interbedded—the sandstone grading down-
ward into greenish cross-bedded quartzite... . ...... ... ... .iiiiiiiiiiiiioo.. 75
Pure white quartzite. ... .. e eiaaaan 8
Gray-green quartzite grading into gray-green banded fine sandstone............ ... . ... ... 12
Greenish fine-grained cross-bedded quartzite....... ... ... ... ... 30
Greenish fine-grained quartzitic sandstone ... ... ... ..o 30
No exposures—talus greenish-white quartzite, speckled and in part finely cross-bedded.......... 20
Greenish and purplish-gray fine siliceous sandstone, grading into white quartzite, generally speckled 190
T RO s simrs 5 555 3 s o e e e et e e B b s ) i 2 ) 5 2 1 520 oo B e o et 2 10
Light greenish-gray fine sandstone grading into quartzite........... ... ... ... ... ... ... ... 42
T NEEDORAU 2 2 e 1 =5 e o e e s 2 e i 1 1 T b B 20 A 5 05 8 90 12 51 250 b e s e o B e S B 2 3 15
Top of Burke formation.
Dark-gray indurated Sandy SHAle .- .. ccoc siem e po m s s oo = s ot e oo @ s o s = & in 8 B o 10
Gray mudstone and green sandstone interbedded. .. ... ... ... L. ....... 8
Licht to datle oy TgRliie. o o - me s o mall  Somm s ame e i s = s o 48 B S SO 5 S5 5 s S0 177
White quartzite interbedded with gray mudstone, in beds 2 to 6 feet thick....................... 10
Laminated gray-green mudstone with ocher-red stripes on weathered surface.................... 12
QIG5 B s 05 o o 1 i o i 5
Gray mudstones, weathering light, in places banded with red and fluted on weathered surfaces... 140
Dark-gray TOTASEOIEE. . o v o tme o mon e me e mem s mie 21 e 52 8 58 o8 70 478 ey o8 s s e/ i m e S 30
Gray and gray-green hard mudstones, rather dark, Wlth a little purplish-gray quartzite inter-
Bedded T TN DOVEIE.L. o e oo mmi b i, S 585 0 5 0 i it o i 0S8 8 110
PUTPLE- By QUATTZITE . con wonon o ocmcse 8w t mim i st 5 0 5 S50 S i1 5 s v ] i ammi o w5 S 5
Gray and gray-green mudstones, rather lighter colored than those above, here and there grading
into purplish-gray quartzite, which forms thin beds. ... .. . ... ... 45
Unexposed (glacial DeNCHY. . - . ..on 0 a 0o @ cnms 5o s a m s o oo e mim imm i ot o e 5565 e 5 WSS R S 3788 B 5 170
Light-gray siliceous mudstones, weathering whitish, interbedded with some grayish- purple speckled
quartzite, the two rocks grading into each other... .. .. .. . oo iiiiiiiiiiiiiiiiial 40
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Green mudstones, not hard, fluted and striped on weathered surface, sun cracked.............. 10
Vitreous purplish quartzite and light-greenish mudstones, interbedded in layers about 2 feet thick,
the two rocks grading into one another.. ... ... .. ... Liiiiiiiiiiiiiiiiiiioo.. o 10
Fine, somewhat flaggy gray-green mudstones, obscurely banded, moderately hard................ 60
1, 850
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In this section the most abundant rocks are fine-grained flaggy siliceous sediments, mostly
light colored. The bedding is marked by shaly parting and by obscure color banding. The
typical siliceous mudstones are mostly pale greenish gray, though part of them are of a rather
dark tint. Less common is a light-purplish hue, and there is in some beds an alternation of
purple and green layers. Brighter tints of green and purple occur, but are rather rare. The
essential constituents of these rocks (as microscopic study shows) are quartz and sericite.
Some of the sericite is visible to the naked eye, but for the most part it is so finely divided that
it can be seen only with the aid of the microscope. The abundance of this mica makes the
rock much softer than pure quartzite, and it is easily scratched by the pick.

In many places gradual transitions are traceable from the soft shaly rock through massive
pale-green sericitic quartzite to hard white quartzite, such as constitutes most of the overlying
formation. This rock is especially abundant in the upper part of the Burke, which shows the
gradual nature of the transition to the Revett quartzite.

More abundant and characteristic, however, than the white quartzite is a fine-grained
grayish-purple quartzite or quartzitic sandstone, as a rule finely but indistinctly banded parallel
to the bedding. In the Glidden Lake section this occurs in moderate amount. The proportion
which it bears to the other Burke rocks varies widely, however, in different parts of the district.
To the west of Burke none of it has been noticed, but to the east it distinctly increases in
abundance. In the section along the divide southeast of Granite Peak it is more abundant
than in the Glidden basin, and along the eastern edge of the district it is still more so. On the
ridge at the head of Bear Gulch, and near the point where Prospect Creek leaves the district,
the Burke, for several hundred feet from its upper surface, consists mainly of banded purple
quartzite. It might be questioned whether some or all of this rock should not be mapped as
Revett, but the course adopted seems to be justified by the fact that it is interbedded with
rocks more characteristic of the Burke, while it is not found in the main body of the Revett
quartzite. There is thus a gradual increase in the proportion of purple quartzite in the Burke
from west to east. ]

The most interesting characteristics of the Burke rocks are the universally present shallow-
water features (Pl. VI, A). Sun cracks and ripple marks are seen in almost every outcrop,
and show clearly that the formation was deposited in an area where the water was shallow and
the moist sediments were frequently exposed to the air.

Microscopic features.—The microscopic character- of the typical Burke mudstone hardly
requires much description, as the rock resembles, more closely than its megascopic appearance
would indicate, the typical Prichard slate. From this rock it differs chiefly in containing a
smaller amount of carbonaceous dust. The accessory constituents are the same, but biotite,
chlorite, and magnetite attain more perfect development in some localities. The Burke quartz-
ser_cite rocks are also somewhat more siliceous than the Prichard slates.

In the coarser-grained and thicker-bedded sediments of this formation the microscope shows
rather angular grains of quartz and feldspar, and flakes of presumably clastic mica in an abundant
sericitic paste. By diminution of the cement this passes into a fairly pure quartzite approach-
ing that found in the Revett formation. In the sericitic quartzite the schistosity is marked
by parallel arrangement of the flakes of sericite. Much of the quartz and sericite in these rocks
is secondary, and some specimens show clear examples of the secondary enlargement of quartz
grains, the boundaries of the clastic particles being marked by minute inclusions outside of
which secondary quartz has been deposited with the same optical orientation as the nucleus.

Distinctive characteristics.—The Burke formation has not so marked an individuality as
some of the others in this region. Where it is well exposed, it is readily distinguished from the
formations above and below. Two younger formations, however, the St. Regis and the Striped
Peak, are very similar to it lithologically, but both of these are characterized by brighter tints
of purple and green than are found in the Burke, and there is little danger of confusing them
with it even where the structural relations are not clear.
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A. RIPPLE MARKS IN BURKE FORMATION ON TIGER PEAK.

B. BENCH GRAVELS NEAR MURRAY, LOOKING WEST FROM ALDER GULCH.

Shows old hydraulic workings and the relation of the gravels to Prichard Creek, just visible at the left of the
illustration.
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REVETT QUARTZITE.
DISTRIBUTION AND EXPOSURES.

The Revett quartzite, being strongly resistant to erosion and giving rise to a scanty and
infertile soil, is generally carved into prominent and rugged features and is well exposed. In
the western part of the district it is well displayed on Kellogg Peak and in the drainage basin
of Pine Creek; less representative exposures occur about Wardner and on the hills across the
river to the north. Excellent sections are exposed in the canyon of Big Creek just above its
lowest forks, and extensive outcrops occur along the high ridge south of Gem and Burke. The
best exposures of this, as of the underlying formations,occur, however,in thestructurally simple
eastern part of the quadrangle. The quartzite forms steep glaciated escarpments about the
heads of Beaver and Twentytwo Mile creeks in Montana, and along the eastern side of the ridge
extending southward from Granite Peak. The precipitous eastern face of this peak—unfor-
tunately misnamed—overlooks Revett Lake, whose name has been taken to designate the

formation.
THICKNESS.

The thickness of the Revett quartzite in the section west of Glidden Tiake and that on the
west side of Twentytwo Mile Creek is 1,000 to 1,200 feet. In the western part of the district
the areal distribution of the formation indicates that it is considerably thicker, but here the
structure is complex, and it is therefore difficult to determine the thickness exactly. The
study of the region to the north and east has shown, however, that the Revett quartzite is
less persistent than the formations above and below, so that there is nothing improbable in
the supposition that within the boundaries of this district the Revett quartzite thins out
to the east.

LITHOLOGY.

Megascopic features.—The Revett formation is lithologically the simplest and most
homogeneous of the Ceeur d’Alene sediments. The larger part consists of hard, pure, rather
thick-bedded quartzite, but there is also a minor proportion of rocks less purely siliceous. It
contains, however, no distinctly argillaceous nor any calcareous layers.

Successive layers of the formation from base to top show variations in character which
seem to hold good throughout the district. There is a gradual passage from the Burke formation
to the typical Revett, which has already been described. Even the thickest and coarsest-
grained quartzitic beds of this lower part are noticeably impure and sericitic and are inter-
bedded with gray-green shaly layers. The lower strata mapped as Revett are intermediate in
character between the Burke and the beds of purer quartzite which form the middle part of the
formation. Still higher these pass again into more sericitic, thinner-bedded quartzites, partly
sun cracked and ripple-marked, which are transitional between the massive quartzites and the
colored sandy shales that constitute the overlying St. Regis formation. The Revett formation
thus comprises a central portion largely of pure quartzite, passing into less purely siliceous beds
above and below, which are transitional to the overlying and underlying formations.

The rock most characteristic of the Revett formation is the massive quartzite. The purest
material of this character forms rather thick beds, breaking down on steep slopes into blocks
bounded by smooth joint planes. Some of the purest of the quartzite is almost snowy white,
but most of it is faintly tinged with green, and some is of a very pale rose color. The bedding
is commonly marked by fine delicate banding. The texture is invariably rather fine and quite
compact, and the purest material is so hard that it can not be scratched with steel. Its frac-
ture is conchoidal, the fresh surface has a somewhat vitreous appearance, and thin chips are
translucent.

Even the massive beds, however, are made up in greater part of material less pure than
that above described, the chief impurity being sericite. The presence of this mineral shows
itself megascopically by the appearance of a pale-green tint and a lower degree of hardness,
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and some of it can be recognized by the aid of a good pocket lens. The impure quartzite is
duller and has a rougher fracture than the pure. Lamination is more common and more distinct
in these sericitic quartzites than in the purer ones; it is in many places parallel to the
stratification, but in others, especially near the base of the formation, shows the cross-bedded
structure.

The impure quartzites grade into rocks which can hardly be called quartzite. The lower
part of the formation contains a good deal of brownish-gray banded siliceous indurated sandstone.
~ In all parts of the formation are scattered thin beds of a soft greenish fine-grained sandstone
composed apparently in greater part of finely divided white mica, and near its upper and lower
limits are beds of siliceous shale like that which constitutes most of the Burke.

Ripple marks, though found in the upper and lower parts of the formation, do not occur in
the more massive quartzites of the central part. ,

Mountain-making forces affect these quartzites less conspicuously than the softer rocks of
the underlying formations. Slaty cleavage is not generally seen in the purest quartzite. The
development of schistosity seems, however, to be greatly facilitated by the presence in the
original sediment of even a small amount of argillaceous material, which under the influence
of metamorphic agencies becomes converted to sericite. In the neighborhood of Burke, where
dynamic action seems to have been most intense, the Revett quartzites almost all show rude
cleavage. Even in the purest rock irregular partings are locally developed, the surfaces of
parting being covered by thin films of sericite. In the less disturbed eastern portion of the
district, cleavage is rarely noticeable in the quartzite, which is divided into smooth and regular
blocks by the joint planes.

A conspicuous and unusual feature of much of the Revett quartzite, especially in the areas
contiguous to Canyon Creek, is the presence of numerous specks of iron oxide, generally about
2 millimeters or less in diameter. These are not visible in perfectly fresh rocks from mines,
but they appear in fragments that have been exposed to the weather even for a few weeks.
They are produced, as microscopic study proves, by the decomposition of disseminated crystals
of siderite.

Microscopic features—The microscopic features of the argillaceous quartz-sericite rocks
and micaceous sandstones of this formation will not be described here, as they are similar to
those of rocks found in the Prichard and Burke. Only the purest quartzite, which occurs in
no other formation, need be noticed particularly. Its minute structure is easily made out
under the microscope, owing to the comparative scarcity of fine-grained turbid material.

The clastic grains are subangular to rounded in form, except where they are modified
secondarily in a manner presently to be described. They consist mainly of quartz, but a little
feldspar and apparently clastic muscovite are present in all specimens, and nearly every slide
contains particles that appear to be detrital fragments of fine sericitic slaty rock, though they
may partly represent interstitial mud. The cement, which contains a large proportion of
sericite mixed with a little quartz, is small in amount and fills minute polygonal spaces and
thin streaks between the grains. Very commonly, however, the individual grains fit closely
together as in a mosaic, separated by little or no sericitic material, and it is quite evident that
in such places the clastic grains have grown by the addition of quartz in parallel orientation,
although their original boundaries are rarely made visible by inclusions.

The constituents that appear in subordinate roles in the argillites and graywackes are found
in the quartzites, but in general are even less abundant. Zircon and magnetite form sparingly
disseminated moderate-sized grains, rutile is scarce, and tourmaline occurs in larger but less
numerous individuals than in the fine quartz-sericite rocks. It forms blunter and less perfectly
developed prisms than in those rocks, or even mere ragged grains. Siderite is locally devel-
oped in numerous comparatively large imperfect rhombohedra, its secondary nature and the
manner of its growth being plainly visible. '

Evidence of pressure is generally afforded by undulatory extinctions in the quartz grains.
In the more sericitic specimens a schistosity is developed which is expressed by the parallel
arrangement of the sericite flakes.




PRE-CAMBRIAN SEDIMENTS. 87
ST. REGIS FORMATION.
DISTRIBUTION AND EXPOSURES.

The St. Regis formation, although the thinnest one of the series, has a rather disproportion-
ately large areal development. This is probably due mainly to two facts—first, that the
indurated shales and sandstones composing it are strongly resistant to erosion, and, second, that
it is overlain by the easily eroded shales of the Wallace formation. Its most extensive area
within the quadrangle is that in the southeastern part, which includes the pass, a part of the
mountain ridge, and some of the headwater tributaries of the stream, to which the name St.
Regis has been given, and this name is therefore taken to designate the formation. It is not
in this area, however, that the St. Regis rocks are best exposed. Complete cliff sections, with
portions of the underlying and overlying formations, occur at the head of Military Gulch, and
in Maple Cliff and Castle Rock on the North Fork of Cceur d’Alene River.

THICKNESS.

From these favorable sections good estimates for the thickness of the formation are obtained,
which give a value of about 1,000 feet, but it appears to be thicker on Willow Creek and farther
east.

LITHOLOGY.

Megascopic features.—The Military Gulch section has been studied in detail, and from it the
following descriptive section has been compiled:

Section of St. Regis formation at head of Military Gulch.

Green-banded, very fine mudstone, partly sun cracked and ripple-marked, with some greenFeet'
calcareous material, weathering ocherous (Wallace formation).... . ... ... ... ... ... ..... 70

Top of St. Regis formation.

- Purple shaly sandstone, with sun cracks and ripple marks. ... ... .. ..o oiiiiiiiiiiiiioiiiaioat 120
Two beds of fine green sediment showing slaty cleavage, separated by a bed of purple sandstone. .. ... 6
Shaly sandstone and sandy shale, mainly purple, interlaminated with green, with a few thin beds of

calcareous material near the base ... ... ... il 140
Hard grayish-purple quartzite interbedded with green and purple shaly sandstone ................. 25
Purple, irregularly laminated shaly sandstone, with thin beds of purplish-gray quartzite........... 20
Green and purple, finely laminated shaly sandstone, with purple quartzitic sandstone and quartzite.. 100
Fine green mudstones and shaly sandstones, with some quartzitic layers, ripple marks, etc.. ... ... 80
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Purple shaly sandstone, with interbedded layers of purplish-gray quartzite .._....... .. ... ....... 80
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Green and purple laminated Sandstone .- .. .. cocciiccriisaecissiresaranlonass sl s s s 6
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Purple and purplish-gray banded shaly SandBtOne cc.qeeeacovsmsmmesbisios cmmmens msensade Snsmasss 30
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Grayish-purple fine siliceous sandstone and quartzite, partly laminated, with some thin beds of red-
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Massive-bedded fine-grained purplish-gray quartzite with a few interbedded whitish layers. Both
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Base of St. Regis formation. Revett quartzite below.

Total thickness of St. Regis formation. . ... ... . i iiiiiinaendacnaaccnncnnns 996
Green sandstone, shaly, ripple-marked ........ ... .. ... .. ..........o... 10
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Pure-white quartzite with red specks in weathered portion ... ... ... .. .. ... .. 10
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Attention may be called briefly to the most characteristic features of the St. Regis rocks in
this section. The prevailing colors are rather bright tints of green and purple, the latter color
somewhat predominating. As regards texture, the beds consist mainly of rather fine-grained
materials. Some brittle green mudstones of extremely fine horny consistency are present, but
the rocks which constitute the greater part of the formation are built up of thin alternating

layers of argillaceous and arenaceous material. There are coarser-grained and thicker beds
of quartzitic material, consisting for the most part of a purplish quartzitic sandstone, but
including also a little white quartzite. Both the last-named rocks are more abundant in the
lower than in the upper part of the formation. The white quartzite is found only near the
base, and its presence indicates a transition, comparatively abrupt, into the main body of white
quartzite. Of rare occurrence are thin beds of calcareous material that weathers to an ocherous
color. The characteristic of the formation which throws most light on the manner of its accu-
mulation is the general presence of shallow-water features.

The Military Gulch section well illustrates the usual character of the St. Regis formation,
and the exposures on North Fork and west of Twentytwo Mile Creek show an assemblage of
rocks essentially similar to that just described. In some other localities, however, the St. Regis
differs materially from the Military Gulch facies. This fact is illustrated by exposures on
Boulder, Willow, and Deer creeks and on St. Regis River.

Boulder Creek has exposed a peculiarly interesting section. On the eastern side of the
canyon, about a mile and a half from the mouth, there are bold outcrops of light-colored
siliceous rocks which are overlain by purple and green beds like the typical St. Regis, and which
thus apparently occupy the position of the Revett quartzite. They are shaly, however, and
marked in part by shallow-water features, so that they resemble the Revett quartzite less than
the St. Regis, with which they are accordingly mapped. These beds appear, less well exposed,
higher up the canyon. Certain of them have a peculiar conglomeratic structure. They show,
in an abundant matrix of quartz and sericite, numerous roundish to subangular fragments which
do not differ very greatly in constitution from the matrix. These fragments consist of siliceous
material, in part fairly pure quartzite, in part gray sericitic quartzite, and in part fine-grained,
dark-green, apparently chloritic rock. Rocks similar to all of them are found in the ordinary
facies of the St. Regis formation. Some of them are impregnated with iron oxide, which
makes them conspicuous in the lighter groundmass. These conglomeratic beds are of remark-
ably small extent, and are not seen west of Boulder Creek. An outcrop was noted on the
west side of Willow Creek canyon, but they were not seen elsewhere in the quadrangle.

The origin of these peculiar rocks is not obvious, and three hypotheses have been considered
as possible explanations—first, that they are friction breccias; second, that they are true con-
glomerates; and third, that they are intraformational conglomerates. The last explanation is
believed to be the true one. It is supposed that in the vast mud flats upon which the St. Regis
beds were being laid down the surface was raised up into a low dome of small extent, upon which
the soft strata were exposed to wave action, and fragments were broken away and incorporated
with the soft siliceous mud that was accumulating in the surrounding waters.

In the Willow Creek section a great thickness of St. Regis beds is exposed, and the lower part
crops out boldly on the east side just south of the Stevens Peak tunnel. On the lower part of the
slope about 550 feet of fine-grained green-banded rocks are exposed, with a few thin beds of cal-
careous material, very similar to the typical lower Wallace. Only at one level in this thickness
were a few lavender bands noted. Above these beds are purple and green shaly sandstones like
those of the typical St. Regis. The total thickness of the section here is apparently greater than
at Military Gulch, but the exposures are not complete enough to make the estimate reliable.

North of Borax, near the southeast corner of the district, there are fairly good exposures
showing, as on Willow Creek, some hundreds of feet of gray-green shales overlain by purple and
green beds. On Gold Creek these lower greenish shales appear, and are in part very quartzitic.
The Hunter mines also are in shaly quartz-sericite rocks associated on the surface with purple beds
which do not appear underground. Their position and lithology indicate that they belong to the
St. Regis formation.
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The section along Deer Creek also is exceptional. Its thickness is normal, but it consists
almost entirely of green siliceous shales, with only scattered purplish bands and none of the
characteristic deep-purple color.

In the southeastern part of the district and down the valley of St. Regis River the formation
appears to contain a greater amount of green as compared with purple and to have a greater
thickness than is usual in the district as a whole. As exposures in this vicinity are poor, however,
and as the structure is complex they do not afford a basis for a satisfactory measurement of the
strata.

The St. Regis rocks are fairly susceptible to change by mountain-making forces, and are in
many places distinctly slaty. In the less disturbed areas, however, they are divided by jointing
into massive blocks.

Microscopic features.—When studied microscopically, the rocks of the St. Regis formation
show few characters not illustrated by rocks of lower formations and already described. The
sandstones are made up of subangular grains of quartz, feldspar, and perhaps of some fine-grained
slaty rock, and flakes of mica, with much fine interstitial material representing in part original
mud and in part secondary cement. The medium-grained siliceous sandstones grade into fine-
grained quartz-sericite slates. The same minor accessories (rutile, zircon, tourmaline, etc.)
occur as in the older rocks, and the schistose structure is well illustrated in many specimens.

The characteristic purple and green colors are found to be due to hematite dust and chlorite,
respectively. The hematite seems to be in large part of the specularite variety; some is quite
opaque in thin sections, but here and there transparent thin hexagonal scales of blood-red mica-
ceous hematite occur. The chlorite in some specimens is finely divided and evenly distributed
like the sericite, but in a few specimens it forms nests composed of larger individuals. In a bed
of very deep-green, rather fine-grained material cropping out a little north of the Boulder Creek
fanlt, the cement is nearly all chlorite, and no sericite whatever is found. There is some reason to
think that the chlorite here was formed by some secondary agency which acted locally.

WALLACE FORMATION.
DISTRIBUTION AND EXPOSURES.

The Wallace formation has very extensive areal development in the Cceur d’Alene district.
The largest area occupies the greatest part of the southern third of the district. It forms the
entire crest of the ridge extending from Placer Creek southeastward, the greater part of the Placer
Creek and Big Creek basins, and a belt extending along the southern slope of the river valley from
Placer Creek to Milo Creek. A considerable area lies north and east of Mullan. A large part of
the Beaver Creek basin is carved in a belt of Wallace rocks which dip gently eastward and are
bounded on the east by the great Dobson Pass fault. Another strip, bounded within the district
by two great converging faults between which it has dropped down, lies east of Eagle, and the
southern border of what is presumably an extensive area appears in the extreme northwestern
part of the district.

This accumulation of shaly rocks is the least resistant to erosion of all of the Ceeur d’Alene
formations, and is on the whole not well exposed. Rather remarkably, however, the highest
summit of the quadrangle (Stevens Peak) is carved from Wallace rocks. The glaciated northern
faces of this peak and of other elevations to the east give the best exposures of all but the upper-
most part of the formation. The highest beds are well exposed in the Big Creek basin, at the
head of the west fork of Placer Creek, and east of Beaver Creek.

THICKNESS.

The Stevens Peak exposure shows a greater thickness of the Wallace beds than is displayed
continuously at any other locality in the district. Going northward from the summit one
crosses a thickness of typical Wallace beds apparently amounting to about 2,500 feet. The
conditions of exposure are such as to make it almost certain that the apparent thickness of the
formation is not increased by faulting; but allowance should be made for the thickening of the
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beds by minute folds. Twenty per cent seems a sufficient allowance for this factor, which
would make the corrected thickness at Stevens Peak 2,000 feet. But at this locality a great
part of the formation has been eroded away, and to the southwest of the peak within this
district, there are beds stratigraphically higher, although not well enough exposed for measure-
ment. The next overlying formation, the Striped Peak, is not exposed within many miles.
In the headwaters of Placer Creek and Big Creek there are exposed about 2,000 feet of Wallace
from the Striped Peak down, which are thought to be stratigraphically higher than the beds
that form the top of Stevens Peak, for they differ somewhat lithologically from the beds visible
-in the Stevens Peak section. After considering these facts and making various trial sections
across the wide areas of Wallace rocks, I have concluded that the formaticn can hardly be less
than 4,000 feet thick.

LITHOLOGY.

Megascopic features—The Wallace formation is lithologically the most heterogeneous in
the Ceeur d’Alene section, and comprises rocks that differ widely from one another in composi-
tion and appearance. It might under better conditions of exposure be divided into two or three
formations, but under existing conditions this is impossible. On the other hand, almost all the
rocks of the Wallace formation have in common a notable content of the carbonates of mag-
nesium and lime which distinguishes them from those of all the other formations of the district.

The formation as a whole is an assemblage of thin-bedded fine-grained rocks, including cal-
careous quartzites, impure limestones, and shales that are in great part calcareous, all marked
by such features as mud cracks and ripple marks, which prove that they were deposited on
vast mud flats frequently exposed to solar radiation.

The vertical variations in the formation, though not sufficient to afford a practical basis
for subdivision, hold good throughout the district and are sufficiently well marked to afford
the observer who is familiar with them a means of judging, even from the float, in any area of
Wallace rocks what part of the formation is under foot.

The lowermost part is characterized by a predominance of gray-green slaty rock, which is
in large part calcareous or dolomitic. If one passes across the strike to higher and higher beds,
one finds thin beds of calcareous sandstone or quartzite appearing and becoming more common,
while impure limestones, recognized by their mode of weathering, become numerous. Still
higher, there are added to these materials thin beds of blue-gray argillite somewhat like that
which predominates in the Prichard, and the calcareous layers, which weather reddish yellow,
are mostly blue-gray on fresh fracture. This middle part of the formation is the most hetero-
geneous, and in weathered outcropsis characterized by a striking banded appearance, shown in
PL. V, B (p. 30), due to the frequent alternation of beds of white sandstone, yellow weathered
limestone, and greenish and bluish argillite, whose thickness is generally but a few inches.

Higher up in the column the sandstone beds disappear and shale becomes strongly domi-
nant. The most characteristic rock of the uppermost part of the formation is a blue-gray,
finely laminated, somewhat calcareous argillite, well exposed along the road opposite Beaver
Station, on West Fork of Placer Creek, and along the crest of the St. Joe Mountains east of
Striped Peak. Locally this material is interlaminated with very thin layers of impure lime-
stone, weathering yellow. The upper division also contains a large amount of greenish-gray
dolomitic slate of waxy texture, similar to that which predominates in the basal beds.

If a threefold separation could be made on lithologic grounds, it would be into a lower divi-
sion mainly of green slate, a middle division of bluish and greenish argillites, limestone, and
calcareous quartzite, and an upper one of bluish and greenish argillites, more or less calcareous,
without the white beds of calcareous quartzite that characterize the middle division.

At the top the Wallace passes into the overlying Striped Peak formation by a fairly rapid
gradation, which may best be observed at the head of West Fork of Placer Creek. The tran-
sitional rocks are very thin bedded sandy shales, which within a short distance pass into the
flaggy sandstones of Striped Peak. The dividing line may perhaps be fixed most logically by
considering the highest calcareous beds as Wallace and all above them as belonging to the
Striped Peak formation, the body of which is free from limy material.
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The general succession of rocks within the formation having been outlined, it is in order to
proceed to a more particular description of the varieties of which it is composed.

The typical rock of the lowermost division is a very fine grained sediment of gray-green color,
generally banded in lighter and darker layers (Pl. V, B), but forming rather massive beds.

-Some of the beds are of a fairly bright green color, but weather almost white. The material is
soft enough to be scratched easily with steel, is translucent on thin edges, and has a characteristic
“horny”” appearance. Its chief constituents, as is found by microscopic study, are quartz and
sericite. Much of this rock, however, when weathered becomes coated with a thin film of limon-
ite, that indicates the presence of a ferruginous carbonate, a few weeks exposure on the dump of
a prospect sufficing for the development of this yellow stain. '

The limonite specks derived from large grains of weathered siderite are not so frequently
seen in these rocks as in those of the lower formations, but in some places the green slate shows
abundant crystals of siderite a few millimeters in diameter and exceptionally perfect in form.
Probably the main portion of the finely divided carbonate is dolomite, though the presence of
some calcite is indicated by slight effervescence with cold dilute hydrochloric acid.

The green quartz-sericite slates pass by all gradations into rocks which may be called dolo-
mitic slates or impure magnesian limestones. These do not differ markedly, in fresh specimens,
from the slates already described, though they usually do not show such perfect cleavage. On
weathered surfaces they become yellow, and projecting corners are rounded by solution. Theyare
distinguished from the less calcareous slates by their somewhat readier effervescence with acids.
The effervescence is, however, hardly ever brisk, indicating that the rock is for the most part
decidedly magnesian; but rarely a specimen is found which effervesces more vigorously and seems
to consist mainly of calcite. Examined in thin section under the microscope, all specimens of
these rocks are found to contain a considerable proportion of quartz and sericite.

The variegated rocks of the middle part of the formation are connected by all intermediate
types, but only the better-characterized ones need by considered.

The sandstone which is the most characteristic rock of the middle division has features
that distinguish it from any arenaceous rock of the other formations. On fresh fracture it is
light gray, compact, and quartzitic in appearance and generally shows abundant little flakes of
white mica lying parallel to the bedding planes. The weathered surfaces are as a rule pure
white, though in some of the rock they are delicately tinted with red and yellow. The plane
joint surfaces when weathered are slightly rough, but not so harsh to the touch as the weathered
sericitic quartzites. Upon these surfaces, when they have been long exposed to the etching
action of atmospheric water, a beautiful cross-bedded structure appears, of which no trace is
visible upon fresh fractures. The roughness of the weathered surface and the clearness with
which the internal structure is brought out by weathering indicate the presence of some easily
soluble material in the cement, and the brisk effervescence that takes place on the application
of cold dilute acid shows that this material is mainly calcite.

The ocherous specks derived from the weathering of siderite, so conspicuous in some of the
quartzitic beds of the lower formations, are notably absent in these calcareous sandstones. Very
characteristic, however, is the common occurrence of pyrite in well-formed cubes a few milli-
meters in diameter.

The limestones of the middle part of the Wallace are usually dark blue-gray in color,
though lighter greenish-gray tints are also to be seen. They are dense and very fine grained,
and dull in luster. The nature of these rocks is most easily recognized in weathered exposures
by their tints of ocher yellow and the rounded surfaces produced by solution. Standing out
upon such surfaces there are usually many little irregular knobs of siliceous matter. The appli-
cation of cold dilute acid produces some effervescence, but the action is seldom vigorous, the
chemical behavior thus indicating that the carbonate is partly dolomite and partly calcite.

The study of thin sections reveals the presence of a small proportion of quartz and a little
sericite. The coloring matter of the blue-gray variety is a very finely divided dust that is
probably carbonaceous.
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The blue-gray argillites are partly like ordinary ‘‘blue slate,” but the finest-grained argillite
does not in general form beds more than a few inches thick. It commonly occurs in layers but a
fraction of an inch thick interbedded with and grading into calcareous and arenaceous layers. A
very common and characteristic rock in this division of the Wallace, especially in its upper part,
is a sort of sandy shale, not very different from that which predominates in the Prichard, except
that the banding is broader, less regular, and more distinct. An excellent exposure of this phase
of the Wallace occurs on the road opposite the mouth of Lake Gulch, where smooth joint surfaces
cutting across the bedding display in section the sun cracks that are so generally present in the
argillaceous beds of the Wallace. The cracks are in the finer-grained dark layers and are filled
in with the slightly coarser whitish sand. At this point the beds dip steeply to the south, but the
cracks are on the northern or under side of the clayey layers, showing that the beds are overturned
and illustrating a manner in which sun cracks may frequently be used to detect an overturn.

The blue-gray argillite so abundant in the upper beds of the Wallace is not very unlike the
rock just described, but is more finely laminated. Some good exposures of this rock occur on
the West Fork of Placer Creek and on the north slope of the ridge south of the Placer Creek
drainage basin. A certain phase of the upper Wallace is a regularly laminated dark slate very
similar to that which constitutes most of the Prichard formation, but to the eye of one familiar
with both there are distinct differences between the two, one of the more obvious being that
whereas the Prichard slate weathers red the Wallace weathers in drab or yellowish tints.

Dynamic action has produced in the Wallace rocks many beautiful and instructive manifesta-
tions. The lower green slates, not being conspicuously banded, do not clearly show the effects of
folding, and they seem to be less crumpled than the middle Wallace rocks, but their fine-grained
homogeneous character adapts them to the development of slaty cleavage, which occurs in them
generally and in many places shows a fairly high degree of perfection and regularity. In the
higher beds, where the bedding is conspicuously marked by rapid alternations between rocks
differing in color and composition, crumpling of a minute and pronounced character is conspicu-
ous. The most accessible and perhaps the most remarkable examples of this structure are to be
seen along the main road up the river for about 2 miles above Wallace (see Pls. V, B, and VI) and
along the Canyon Creek and Ninemile Creek roads for a mile up from the town. The sun cracks
in the crumpled shales show an extreme degree of contortion, and many of them are entirely
pinched off, which illustrates the great degree of internal movement that these rocks have under-
gone. Cleavage is generally developed in the middle Wallace beds, and, as in an exposure a short
distance east of Wallace, may be seen at numerous localities in a highly inclined position cutting
across the wrinkled beds of shale. The perfection of the cleavage varies much according to the
character of the rock, even in the same outcrop, being best developed in the softer, more argilla-
ceous layers and generally not present at all in the hard calcareous quartzites. In the banded
rocks composed of argillite and argillaceous sandstone, the cleavage has a zigzag character,

" changing direction as it passes from a softer to a harder layer, and more nearly coinciding with
the bedding in the softer layers.

It is significant that in general the cleavage is better developed in the lower than in the
higher beds, and this fact can not be explained entirely on lithologic grounds, for the argillaceous
layers of the highest part seem well adapted to the development of cleavage. The thin-bedded
argillites of the upper Wallace show, however, in sections across the bedding the most minute and
complex folding and faulting, which has evidently thickened the strata to a considerable degree.

Microscopic features:—The microscopic characters of the leading types of Wallace rocks are
briefly as follows:

The green slates poor in carbonate are seen to consist essentially of a very fine grained
mixture of quartz and sericite, in which no distinction can be made between clastic grains and
cement. A little chlorite occurs, but is not conspicuous. In many specimens the schistose
structure is beautifully shown by the arrangement of the ragged and elongated shreds of
sericite in a common direction inclined to the planes of stratification, which causes them to
extinguish almost simultaneously when the stage of the microscopic is revolved. In this
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rock multitudes of very minute prisms of rutile occur, and tourmaline crystals, which, though
microscopic, are larger than the individuals of quartz and sericite, are very abundant in some
specimens.

The green slate passes by continuous gradations into limestone, which invariably, however,
contains a little quartz and sericite. The carbonate occurs partly in irregular grains, but usually
for the most part in more or less imperfect rhombohedra which are probably of a magnesian
carbonate. The grains of carbonate and of quartz and the flakes of sericite are of the same order
of magnitude. Veinlets, usually of lenticular form, and small concretionary bodies occur into
whose composition enter calcite and other carbonates, quartz, and a soda-lime feldspar. Pyrite
and other metalliferous minerals are in places developed sporadically. Siderite is not distin-
guishable, usually, from the other carbonates, but in some slides a few grains with especially
strong pleochroism which seem to be of that mineral may be seen.

The calcareous sandstone of the middle Wallace, when examined microscopically, is seen to
be somewhat arkose in constitution. The grains, though predominantly quartz, include con-
siderable feldspar and muscovite. The cement is abundant and contains quartz and sericite, but
consists in greater part of calcite, which constitutes generally about 15 per cent of the rock, or
even somewhat more. In much of this rock the carbonate occurs in individuals larger than the
quartz grains, which would seem to indicate that it had to some extent replaced the quartz.
Stronger evidence to the same effect is given by the inclosure within the quartz of microscopic,
sharply crystallized rhombohedra. On the other hand, many of the thin sections give evidence
of the secondary enlargement of the quartz grains.

The constituents of subordinate importance, besides the pyrite, which is conspicuous
megascopically, are zircon, tourmaline, and magnetite, with the white cloudy material already
noted in the description of other rocks.

The bluish argillaceous rocks of the middle and upper parts of the Wallace present no micro-
scopic characters of especial interest, being essentially similar to rocks already described, in
the Prichard formation, except that they mostly contain a little carbonate. They are com-
posed essentially of quartz and sericite, commonly mingled with a good deal of chlorite and
carbonaceous dust. By addition of carbonates, they grade into impure limestones.

Distinctive characteristics.—Of the diagnostic characters of the Wallace formation, the most
important and the most useful in distinguishing the formation is the presence in large amount
of calcareous and dolomitic beds. Such material is practically absent from all the other
formations of the district except the St. Regis, and in that it plays an insignificant réle. The
calcareous rocks when weathered are marked by rounded forms and ocher-yellow colors, so
characteristic that they are recognizable even in small fragments, and the abundant presence
of such fragments in an unexposed area sufficiently indicates that the underlying rock is Wallace.
The means of distinguishing the different parts of the formation have already been pointed out.

Though the discrimination of the Wallace from other formations can generally be effected
in the way just described, there are some localities where the lower or green slate portion may
be confused with certain phases of the Burke and St. Regis formations. Underground this is
especially true, for the lower Wallace when unweathered resembles the typical Burke, the pres-
ence of calcareous material being then recognizable only by testing with acids. The St. Regis
formation also contains, as has been pointed out already, beds lithologically identical with
the lower Wallace. Beds of this character must be assigned to one or the other formation
according to their relation to the purple rocks which are characteristic of the St. Regis. The
Wallace green slates are indeed more calcareous on the whole than those of the St. Regis. The
boundary between the two formations can, however, be fixed more accurately by considering
all the purple as St. Regis than on the basis of the greater amount of carbonate in the Wallace
rocks. The upper limit, though the transition to the overlying Striped Peak formation is
gradual, is pretty definitely fixed by considering the highest calcareous beds as belonging to
the Wallace.
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STRIPED PEAK FORMATION.
DISTRIBUTION AND EXPOSURES.

The Striped Peak formation, named for a mountain on the divide between Big Creek and
Placer Creek, has comparatively small areal development in the Cceur d’Alene district. It
occupies a very small area west of Ninemile Creek and forms a discontinuous strip extending
from Dobson Pass northward, but neither of these localities affords good exposures. There
are, however, two rather extensive areas lying east of the South Fork of Big Creek in which
fine outcrops of the formation may be observed. In the larger of these lies Striped Peak, on
whose long, barren crest the inclined varicolored strata of the formation crop out and give
the striped appearance which suggested the name. :

THICKNESS.

Along the crest of Striped Peak the beds dip southward at moderate angles, and a short
distance to the south they are cut off by a strong fault. The section across this area gives
the best estimate available for the thickness of the formation. The exposures are not suffi-
ciently complete to make this estimate precise, but an approximate thickness of 1,000 feet is
indicated.

LITHOLOGY.

The Striped Peak formation is composed of thin-bedded rocks, including shales and
quartzitic sandstones marked with ripple marks and sun cracks and mostly reddish purple and
green in color. It is so. very similar to the St. Regis formation that the two were for a time
confounded with one another, and lengthy description would therefore be, to a large extent,
mere repetition. The Striped Peak beds are perhaps less deeply colored, and the prevailing
color of the quartzitic beds inclines rather to pink than to a more bluish purple. Of the
secondary features resulting from dynamic action, only jointing has been noted in the Striped
Peak formation, no distinet cleavage having been observed.

The formation is not likely to be confused with any other in the district except the St.
Regis, but from this it can be distinguished only by its stratigraphic relations.

‘ Microscopically as well as megascopically these rocks are essentially similar to those of
the St. Regis formation, except that they fail to show dlstlnctlv schistose arrangement of the
micaceous material.

IGNEOUS ROCKS.

PRINCIPAL KINDS AND GENERAL RELATIONS.

The igneous rocks of this district are all intrusive. They are classified, for purposes of map-
ping and description, as monzonitic rocks, diabase, and lamprophyre.

All these rocks have been found in plamly intrusive relation to each of the Algonkian
formations, except that the monzonites have not been seen in contact with the Striped Peak. Al
however, were undoubtedly erupted after the vast period of conformable deposition had closed.
The order of intrusion is not known, but a decomposed rock similar to the lamprophyre has been
found cutting the monzonite, and a lamprophyre dike runs parallel to the Dobson Pass fault,
which is later than the monzonite.

The monzonitic rocks are those locally known as “granite.” They are granular or holo-
crystalline-porphyritic, and distinguished from the other igneous rocks by prevailingly light
colors. They occur mainly in irregular masses without marked elongation, but also form a few
dikes and sheets. They far surpass the diabase and lamprophyre in volume and in area of expo-
sure, and are of economic interest as having been concerned in the deposition of some of the ores.

The diabase and lamprophyre are dark, fine-grained, holocrystalline rocks, which in thisdistrict
occur only in dikes, mostly of no great size, and inconspicuous because they Weather more rapidly
than the sedimentary rocks into which they are intruded. The diabase dikes trend from
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east-west to northwest-southeast and accompany the important fractures with which most of
the ore bodies are associated. The lamprophyre dikes, more numerous than those of diabase,
trend in various directions from west-northwest to northeast.

MONZONITIC ROCKS.
VARIETIES, DISTRIBUTION, AND MODES OF OCCURENCE.

A glance at the geologic map (Pl. IL, in pocket) will show that the numerous areas of mon-
zonitic rocks fall into two groups. Most of these, including the largest, lie in a belt that extends
from Gem and Bradyville northeastward with decreasing breadth nearly to Bear Gulch. The
others form a more irregular group in the drainage basins of Dudley and Twomile creeks.

The rocks here described under one heading, and indicated on the map by one color, comprise
several apparently widely differing types. Petrographical study, indeed, shows that they
vary not only in texture but in kind. Under the existing conditions of occurrence and expo-
sure, however, the classification adopted seems the only practicable one and is justified by the
close consanguinity existing between the several kinds. These, moreover, are found in rela-
tions so intricate that they can not be completely deciphered, and are incapable of represen-
tation on the map; and gradual transitions, as, for example, from syenite to monzonite, are of
common occurrence. It is probable that all these rocks are the result of a single episode of
intrusion, and that they were derived from one great body of magma.

The principal types in the group may be described briefly in terms of characters observed
readily in the field, preparatory to indicating their distribution and mode of occurrence.

In the large masses, and at some distance from contacts, the prevailing rock, fairly uniform
over large areas, is a coarse-grained, light-gray, usually somewhat porphyritic monzonite.
The main bulk of this rock consists of feldspar of two species—striated lime-soda feldspar and
unstriated alkali feldspar. Other constituents visible to the naked eye are a little quartz and
small amounts of the dark minerals hornblende, pyroxene, and biotite. A part of the alkali
feldspar forms conspicuously large crystals or phenocrysts with a diameter of about one-half
inch, which, scattered through a mass of smaller grains, give the rock its porphyritic appear-
ance. This, which may be designated the normal local type of the monzonite, forms the greater
part of the three largest areas and portions of the smaller ones. The aggregate extent of its
outcrops, of which the best are to be found in the basin of Ninemile Creek, is very considerable,
yet, owing to the large amount of weathering it has undergone and to the absence of artificial
cuttings in it, this most abundant type is the most difficult of all to gather in sufficiently fresh
condition for satisfactory petrographic study.

In the smaller irregular masses, where cooling has been more rapid, the magma has crystal-
lized in large part as a monzonite porphyry. This rock differs from the porphyritic monzonite
into which it grades in being of finer texture, and shows feldspar phenocrysts with an average
diameter of less than one-fourth inch thickly set in a groundmass so fine grained that its con-
stituents can not be discriminated with the naked eye. The dark minerals are clearly less abun-
dant than in the granular monzonite. This rock forms portions of the masses in the Twomile and
Dudley basins, and the greater part of the small areas east of Raven on Prichard Creek. Itisin
these latter areas that the best exposures and freshest material of this type are found.

Somewhat different is the rock forming the dikes and sheets. This is darker, greenish in
color, and generally much decomposed. The prominent phenocrysts are of feldspar, but the
dark constituents are more abundant than in the porphyry just described.

The members of the group most peculiar in character and most remarkable in appearance
are certain porphyritic syenites. Their most striking feature is the abundant development of
unstriated feldspar in oblong crystals some of which attain a length of over 2 inches and which lie,
with somewhat parallel arrangement, in a rather dark granular groundmass that varies in char-
acter and amount. These syenites are conspicuously displayed on the Canyon Creek road at the
lower end of Gem, and on the north side of the Fast Fork of Ninemile Creek, near its junction with



46 GEOLOGY AND ORE DEPOSITS OF CEUR D’ALENE DISTRICT, IDAHO.

the main stream, where the cutting for the railroad affords the best opportunity to study their
occurrence and to obtain material for laboratory investigation. The relations of the several
varieties of syenite to each other and to the monzonite are complex and can not be made out in
an entirely satisfactory manner. Syenite with a groundmass very rich in dark minerals was seen
to grade into syenite with a less basic groundmass. At another point a rather dark porphyritic
syenite forms streaks in a syenite consisting almost entirely of feldspar, but these apparently .
intrusive bands are ill defined, as if the intrusion had taken place when the invaded rock was still
in a pasty condition. Monzonite, fine grained and nonporphyritic, was in one place found in the
form of a small dike cutting porphyritic syenite, and a knob of monzonite closely skirted by the
road just below Gem is in a position that suggests an intrusive relation to the porphyritic syenite
on both sides. The conclusion drawn from these observations is that the porphyritic
syenite formed as a somewhat heterogeneous marginal segregation along the southern edge of the
principal plutonic mass, and that it was broken up and intruded by the monzonite, perhaps
before being completely solidified.

Cutting the granular rocks in dikes that are not very large or numerous are aplites, pegma-
tites, and lamprophyres, the last very much decomposed.

PETROGRAPHY.
MONZONITE.

After this brief sketch of what may be seen in the field, it remains to give a more detailed
account of the mineralogical and textural features of these monzonites and related rocks.

Of the coarse porphyritic monzonite the best specimen, which, however, was much decom-
posed, was obtained from the Alameda tunnel. It shows phenocrysts of pink unstriated feld-
spar scattered in a medium-grained granular groundmass. The microscopic section contains
none of the phenocrysts, but shows the groundmass to consist of cloudy plagioclase, a dis-
tinctly smaller amount of perthitic microcline and orthoclase, considerable quartz, and some
deep-green hornblende, while biotite is represented by pseudomorphs of chlorite, and pyroxene
by masses of pale-green amphibole and epidote: Apatite and titanite, as accessories, are
comparatively abundant. The extensive alteration of the rock has given rise to much epi-
dote and pyrite, considerable chlorite and kaolin, and a little calcite. It is noteworthy that
though the biotite, pyroxene, and plagioclase are much decomposed the alkali feldspar and
hornblende are comparatively fresh.

Apparently very similar in composition to this rock, but not porphyritic, is a monzonite
collected at the roadside just below Gem. It is a medium-grained granular rock, of which the
constituents megascopically recognizable are feldspar, hornblende, and a little quartz. Of the
feldspar, striated plagioclase, opaque and white, in rather small idiomorphic crystals, can
be distinguished from the somewhat larger grayish and more transparent, imperfectly formed
crystals of alkali feldspar. The two are present in nearly equal amount. ~

The microscope shows, in addition to the constituents named, a little biotite, some small
prisms of light-green monoclinic pyroxene, with titanite and magnetite as abundant accessories
and apatite as a minor one. The plagioclase is zoned, and parts of the crystals, presumably
the more basic parts, are thoroughly decomposed. The clear remnants give extinction angles
appropriate to oligoclase and to andesine that approaches labradorite. The alkali feldspar is
of later crystallization than the plagioclase and ferromagnesian minerals, and occurs partly in
anhedra, while many of the individuals showing rough crystallographic outlines are penetrated
by crystals of the earlier minerals. It mostly shows microcline twinning, and is all perthitic.
Certain crystals show a striking and beautiful zonary banding, due perhaps to oscillation in
the proportion of soda to potash in successive shells, and accentuated in at least one crystal
by the interposition of very narrow zones of plagioclase.

Decomposition, though not advanced, has given rise to considerable chlorite, epidote,
kaolin, sericite, ete., derived from the pyroxene, biotite, and plagioclase.
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The rock has been analyzed in the chemical laboratory of the Geological Survey by Mr.
George Steiger, with the following result:

Analysis of quartz monzonite near Gem.
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According to the quantitative classification® this rock falls in the sodipotassic subrang of
the domalkalic rang of the perfelic order of persalane. This subrang has been named pulaskose.
As the norm shows a strong preponderance of the anorthite and albite molecules over those
of orthoclase, it is evident that the approximate equality of plagioclase and alkali feldspar in
the mode is due to the fact that the perthitic microcline and orthoclase contain a large amount
of soda.

From the type of monzonite just described there is variation on the one side toward syenite,
by increase in the proportion of alkali feldspar, and on the other toward diorite, by increase in
the proportion of plagioclase. A specimen obtained near the contact with the sedimentary
rocks on Sunset Peak shows a preponderance of plagioclase over orthoclase, with moderately
abundant hornblende and no pyroxene. It might properly enough be classed as a granodiorite.
On the other hand, much of the material seen in the field seems to show a rather large amount
of porphyritic alkali feldspar, and some of it may be considered as belonging to syenite. A
strong preponderance of alkali feldspar, however, is not found except in the narrow zone along
the southern border of the main area.

MONZONITE PORPHYRY.

The typical monzonite porphyry, as exemplified by specimens from the areas east of Raven,
shows phenocrysts of feldspar equaling or exceeding in volume the nearly aphanitic ground-
mass. The larger phenocrysts are of pinkish or grayish alkali feldspar, Whlle white plagioclase
forms phenocrysts that are smaller but rather more numerous.

Microscopically the groundmass is found to consist essentially of two feldspars and consid-
erable quartz. As scarce accessories occur magnetite, apatite, and titanite, and in some
specimens a very little biotite or hornblende is found. The plagioclase is remarkable for its
extremely fine lamination. Its extinction angles indicate cligoclase and andesine-oligoclase.
The alkali feldspar is orthoclase, perthitically intergrown with an unusually large proportion
of plagioclase, which forms not only the familiar veinlets, but nuclear masses and inclusions,
commonly in the same optical orientation as the veinlets of the same crystal. In many of
these intergrowths the plagioclase equals the orthoclase in quantity, or even exceeds it, and
many of the phenocrysts that are made up chiefly of plagioclase have borders of perthite.

Although the perthite seems slightly to exceed the plagioclase, it shows no decided
predominance, especially when we deduct the intergrown plagioclase. The two feldspars are
so nearly equal in amount that the rock may properly be classified as a monzonite porphyry.
Comparison of its mineralogical composition with that of the granular monzonite described
above will make it evident that this rock is decidedly less basic.

The composition of the rock forming the dikes and sheets inclines more toward that of diorite.
Most specimens collected are too much altered to be satisfactory material for study, but com-
paratively fresh rock was taken from a small dike at the head of Granite Gulch. This is &

aCross, Iddings, Pirsson, and Washington, Quantitative classification of igneous rocks, 1903.
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porphyry of rather dark gray color. Its phenocrysts are mostly of plagioclase, but there are some
of perthite, and both feldspars reappear in the groundmass, where the perthite equals or exceeds
the plagioclase. The groundmass contains a large amount of quartz and considerable brown
biotite The accessories are magnetite, apatite, zircon, and titanite. Decomposition has given
rise to considerable calcite, sericite, chlorite, epidote, clinozoisite, and pyrite.

PORPHYRITIC SYENITE.

Of the syenite exposed near Gem and Bradyville, the most abundant constituent is
unstriated feldspar, forming phenocrysts most of which are between three-eighths of an inch
and 1 inch long, but some of which are as much as 2 inches. These lie in a medium-grained
groundmass whose megascopically visible constituents are feldspar, greenish-black hornblende,
lighter-green pyroxene, and usually titanite. The amount of the groundmass and its richness
in ferromagnesian minerals vary between rather wide limits, and the groundmass is most femic
where it is most abundant. Some specimens have feldspar phenocrysts embedded not very
thickly in a dark-green mass seemingly composed almost entirely of hornblende and pyroxene; in
perhaps the majority of specimens the phenocrysts and groundmass are about equal in volume,
but these pass into types where the porphyritic feldspars are crowded together, with the ground-
mass occupying only small polyhedral spaces between. Where the elongated tabular pheno-
crysts are close together and have a roughly parallel arrangement, the texture simulates on a
large scale that of the typical trachytic groundmass. In some of the most acidic specimens, the
texture is no longer truly porphyritic. In other phases of the syenite the hornblende forms
phenocrysts.

As the qualitative mineralogical composition of all these rocks is practically identical, the
general microscopic characters of the constituent minerals may be indicated once for all.

The alkali feldspar belongs to the varieties orthoclase, microcline, and anorthoclase. The
first two varieties are always intergrown with more or less plagioclase, which in some crystals
almost equals in quantity the orthoclase itself. Its proportion is greatest in the most acidic
rock. The anorthoclase, which is found in but few specimens, is identified by its faint and
irregular crosshatching and its small optic-axial angle. The phenocrysts, which are of ortho-
clase or microcline, have rather numerous inclusions of the other minerals, and all three
varieties form more or less irregular poikilitic areas in the groundmass.

Plagioclase, always subordinate to the alkali feldspar, forms separate individuals, small
and tending to idiomorphism, that are recognizable in most specimens. Its satisfactory deter-
mination is hindered by the great extent to which it has been decomposed. The portions that
remain transparent show low extinction angles, but the thoroughly clouded portions were
presumably more basic.

Of the ferromagnesian minerals, hornblende is on the whole the most abundant, although
pyroxene, in smaller crystals, does not fall far below it in quantity. Biotite is scarce and
does not occur in all specimens. The hornblende and biotite belong to the commonest species,
but the pyroxene is of less familiar appearance. Its color is green, varying from a rather pale
tint to the deep grass color which, in conjuction with the large extinction angle, distinguishes
@girine-augite, and some crystals have a light-green core surrounded by a deep-green periphery.
Hornblende and pyroxene are commonly intergrown.

The accessory minerals present in all specimens are magnetite, apatite, and titanite. Some
of the more basic rock contains a yellowish-brown mineral of high refractive index, but almost
isotropic, which is apparently the lime<iron garnet, melanite.

Most specimens show a good deal of alteration, which affects the various minerals in very
different degrees. The alkali feldspar is almost perfectly fresh, and the more acidic part of
the plagioclase also, but some of the feldspar crystals, especially in their centers, are clouded
with kaolin, sericite, and epidote. Of the ferromagnesian minerals, hornblende has generally
almost escaped alteration. Biotite shows much of the usual decomposition to chlorite and
epidote. The pyroxene is altering in most specimens, the chief product being a pale fibrous
amphibole quite distinct in character from the original hornblende. This uralite is generally
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associated with epidote, and in places with a mineral like iddingsite. An unusually high
degree of alteration is exhibited in some specimens obtained near the mines, where pyrite,
replacing chiefly the ferromagnesian minerals, is abundant.

A chemical analysis was made of a specimen taken from the railroad a little east of Brady-
ville, which will illustrate approximately the petrographic and chemical character of the average
porphyritic syenite. Megascopically this rock shows phenocrysts of unstriated feldspar from
one-half inch to 1 inch long, about equal in bulk to the medium-grained groundmass of feldspar,
hornblende, and pyroxene. The feldspar phenocrysts and the hornblende have a distinctly
parallel arrangement. The thin section under the microscope shows that the phenocrysts are of
perthitic microline and the groundmass of plagioclase, hornblende, and pale-green augite in small
crystals, with larger, elongated, somewhat poikilitic areas of perthitic microcline with which in
many specimens plagioclase in rather large patches is intergrown. The plagioclase, finely stri-
ated and somewhat clouded, is partly determined as oligoclase. The accessories present are
apatite, magnetite, and titanite, all rather abundant. Decomposition has not appreciably
affected the microcline or the hornblende. The plagioclase contains numerous secondary inclu-
sions of epidote, sericite, and a fibrous mineral that appears to be an amphibole. The pyroxene
is largely replaced, and some crystals completely, by epidote and splintery pale-green amphibole.

The chemical analysis, by Mr. George Steiger, gives the following result:

Analysis of porphyritic syenite near Bradyville.
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According to the quantitative classification, this rock belongs to monzonose, the sodipo-
tassic subrang of the domalkalic rang of the perfelic order of dosalane. It is, however, near
the border between the domalkalic and peralkalic rangs, and a relatively small increase of the
alkali percentage would throw it into the subrang ilmenose. It is evident that the larger part
of the albite molecules enter into the composition of the perthitic alkali feldspar; if most of
them went to the formation of plagioclase crystals, the rock would have a monzonitic habit.

CONTACT METAMORPHISM.
GENERAL CHARACTER.

The Ceeur d’Alene district is not a favorable area for detailed study of contact metamor-
phism, inasmuch as complexity of structure and poverty of exposure make it impossible to trace
for considerable distances the progressive changes shown by a given bed as an igneous contact is
approached along the strike. It is impossible, therefore, to do more than illustrate the effect of
the magma on the sediments in a somewhat general way.

The contact alteration is most conspicuously manifested by a sparkling crystalline appear-
ance not ordinarily seen in the less altered sediments. The metamorphic rocks are coarser in
grain than the unaltered rocks, but even near the contact, where they are coarsest, their elements
are rarely more than 2 or 3 millimeters in maximum diameter. No schistose structure, properly
so called, seems to have been induced by the intrusion. Cleavage is shown, indeed, by much of
the rock in the contact zone, but it seems to be the cleavage due to pressure which is generally
present in the rocks of the district. Near the contact there is, indeed, a tendency for the cleavage
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to become obliterated, and although here the rocks are commonly banded the banding is appar-
ently that of sedimentation. At some distance from the contact, recrystallization and the forma-
tion of new minerals have taken place to a noticeable extent without at all obscuring the clastic
textures. A few instances have been observed of exceptionally intense action where the mate-
rials of the sediments and magma have been commingled.

The rocks of the metamorphic aureole of the monzonite are divisible into two groups accord-
ing to origin. It has already been shown that the argillites of the Prichard formation, the seri-
citic quartzites and indurated siliceous shales of the Burke and St. Regis, and the pure quartzites
of the Revett constitute a graded series. A graded series is likewise constituted by their meta-
morphic derivatives, which are rocks composed predominantly of quartz and micas, but locally
containing andalusite, garnet, and chlorite. Quite in contrast with these are the rocks produced
by the alteration of the dolomitic sediments of the Wallace formation. These are characterized
by the presence of pyroxene, which may or may not be accompanied by amphibole and biotite.

The only formations of noncalcareous rocks in eruptive contact with the monzonites are
the Prichard and the Burke. Their metamorphism can best be observed on the borders of the
largest monzonite area, in the basin of Ninemile Creek and along Canyon Creek near Gem.

NONCALCAREOUS ROCKS.

The metamorphic rocks of the argillite-quartzite series are colored in tints of gray that vary
from nearly black to nearly white. Megascopically their most noticeable constituent is mica in
abundant glittering particles, but the large porportion of quartz is recognizable in specimens that
are not toofinegrained. Pyrite is commonly visible, and in some phases small red garnets appear.
Andalusite forms prismatic knots a few millimeters long in a black metamorphosed slate, derived
from the Prichard, seen near the monzonite contact on the Dobson Pass road, but although
present in many other localities this mineral is not elsewhere conspicuous megascopically because
of its occurrence in small irregular individuals without crystal form. Where it is abundant,
however, it gives the rock a pinkish tinge.

The best locality for observing the gradual change in the character of the noncalcareous
sediments as the contact is approached is on the Canyon Creek road below Gem, south of the
point where it crosses the boundary of the main intrusion. About 300 yards southwest of the
contact the sheen of mica appears in the slates and impure quartzites and some of the more
siliceous rocks exhibit a dappled appearance, due to small round segregations of biotite. The
final stage of the alteration is illustrated by pieces from a prospect tunnel that cuts the con-
tact beside the road a little below Gem. The metamorphic rock here is very rich in mica and
of a granular texture not unlike that of a fine grained granitic rock.

Microscopic study shows that most of the rocks under consideration are composed chiefly
of quartz, muscovite, and biotite. The two micas vary in total amount and in relative por-
portion to one another; the muscovite is on the whole the more abundant, but only rarely is
biotite entirely lacking. Andalusite is developed in some of the more aluminous beds in close
proximity to the contact. Garnet is not a common or abundant constituent. It has been
found in certain specimens from Ninemile Creek, generally in localities of very intense meta-
morphism, but it is also found above the abandoned Custer mine on the west side of Custer
Peak, and near the summit of the peak itself. These occurrences are rather remarkable in that
they are at considerable distance from any outcrops of the intrusive rock, but they seem to be
associated with a fissure which may have been an avenue for mineralizing vapors from the
magma. In these occurrences the garnet is associated with a green mica and with chlorite.
Other minerals which the rocks of this group contain in small amounts are feldspar, pyrite,
magnetite, zircon, rutile, tourmaline, apatite, and sillimanite.

Few of the minerals have any peculiarities worthy of remark. The feldspars are acidic
plagioclase and orthoclase. The biotite is usually deep brown, rarely green. Much of the
light-colored mica is seen to have a small optic-axial angle that suggests phlogopite, although
the brownish tint commonly shown by that mineral is not apparent. The tourmaline, which
is generally of a brown color closely resembling that of the biotite, forms stouter individuals
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than commonly occur in the rocks not altered by the monzonite, but does not noticeably increase
in abundance with approach to the contact. The sillimanite occurs in the usual hairlike prisms
forming roughly parallel groups, inclosed in quartz and the white mica. The reddish-brown
grains of garnet are generally not very regular in form, and some contain inclusions of quartz.
The andalusite individuals are partly colorless, but a portion of nearly every one, indefinite in
outline and lying in a central position, is pale red and pleochroic in thin section.

It is possible to trace all gradations in texture from that of the rocks unmodified by contact
metamorphism to that of a typical hornfels, which retains no trace of clastic texture. The
first stage in the alteration is signalized by the production of mica in individuals larger than
those of sericite so abundant in all the old sediments of the region. In the final stage all the
material is completely recrystallized. The quartz, and the feldspar where present, form
irregular individuals much larger than the original clastic grains. The micas are also rather
irregular in outline and rich in inclusions. Andalusite forms well-developed crystals, free
from interpositions, only in the one occurrence already noted, where it is megascopically
conspicuous. Elsewhere it shows at most only a rude semblance of prismatic form and contains
inclusions in many localities so abundant that their volume exceeds that of the host.

CALCAREOUS ROCKS.

Metamorphism of the Wallace rocks is best shown along the canyon of Dudley Creek below
its forks. The alteration here is surprisingly extensive, considering the small size of the nearest
considerable area of monzonite porphyry, and it is highly probable that the roof of a much
larger mass is not far beneath the surface.

The metamorphic rocks of this vicinity are fine grained, with no minerals clearly recog-
nizable by the unaided eye except in some a bright-green amphibole. In part they are greenish
gray, dappled with ill-defined round whitish spots a few millimeters in diameter that are
sections of imperfect spherulitic bodies; in part beautifully banded, with greenish-gray layers
1 or 2 centimeters thick alternating with very fine cherty purplish-brown layers and locally, in
addition, bright-green layers rich in needle-like crystals of hornblende.

The identification of the small area of intensely metamorphosed Wallace on the East
Fork of Ninemile Creek, remote though it is from any unaltered material of this formation, is
based on the close petrographic similarity of the material composing it to the metamorphics
of Dudley Creek, whose origin is clear. The Ninemile area shows the same dappled greenish-
gray rock and green and brown banded material that are found on Dudley Creek, but exhibits

some phases that indicate more intense metamorphism. Some of these last contain rather

numerous megascopic crystals of hornblende; other specimens contain, in addition, large
irregular poikilitic crystals of feldspar and are undoubtedly a product of the commingling of
the monzonite magma with the sedimentary material reduced to a liquid form by its heat.

Microscopically examined, all these metamorphic rocks are found to contain quartz and
colorless diopside as chief constituents. Deep-green hornblende is present in most specimens;
its amount varies greatly, but is generally less than that of the pyroxene. Muscovite is rather
plentiful in many specimens, but rare or absent in others. Biotite, generally greenish brown,
but rarely green, is more commonly present than not, but it also is very variable in amount.
The most characteristic accessory is titanite, which in all the specimens examined forms numer-
ous very small yellowish grains and crystals. Small quantities of magnetite, apatite, and zircon
are present in various slides. In two a little carbonate and zoisite were found. Tourmaline,
rather unexpectedly, was not detected.

Pyroxene associated with quartz is found to constitute a large proportion of the greenish-
gray layers, being almost colorless even in mass. It forms rather small grains and blunt, imper-
fect prisms, which generally contain abundant inclusions of quartz. The light spots seen in the
dappled facies are spherulitic masses of pyroxene, which does not show regular radial arrange-
ment. The biotite, which occurs in purely microscopic particles, gives color to the brownish
cherty layers, of which the larger portion is quartz. The hornblende forms more slender indi-
viduals than the pyroxene and has better crystal form, the prism faces being commonly well
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developed. Like the pyroxene, it habitually incloses grains of quartz. The crystals that are
prominent in certain of the Ninemile Creek specimens are remarkable for the perfection of their
crystallographic development and also for their poikilitic texture, being crowded with innumer-
able microscopic grains of quartz.

The feldspar-bearing rock deserves especial description. Megascopically it shows con-
torted bands—some of which are dark grayish green, the others coarse grained and rich in
feldspar—and a small, ill-defined veinlet of aplite. The large individuals of feldspar exhibit
rather dull cleavage reflections broken by inclusions of hornblende.

A thin section of the coarser part is made up of several large interlocking plates of micro-
cline crowded with minute grains of quartz. The hornblende, partly bounded by crystal
planes, is similarly rich in quartz inclusions. In scattered clusters occur abundant minute
particles of biotite. Titanite forms numerous small crystals, and there are some very diminu-
tive crystals of garnet. Another section, apparently from the finer-grained portion of the rock, -
is very heterogeneous. A part of it is a mosaic of quartz grains; a part shows poikilitic alkali
feldspar and well-formed hornblendes. ILocally developed is considerable pyroxene in small
grains. There is abundant titanite and some apatite and zircon.

DIABASE.
OCCURRENCE AND DISTRIBUTION.

The diabase of this district is a dark greenish- to brownish-gray rock, fine to medium grained,
consisting chiefly of feldspar laths embedded in black pyroxene that shows no crystal form.
The diabase dikes are intimately and doubtless genetically associated with the great system
of faults that traverse the district in an east-west to northwest-southeast direction. Many
of the dikes occupy the fissures of the great faults, but others fill subsidiary fissures parallel
to them.

The majority of these intrusive masses are small, and inconspicuous because they readily
decompose and do not stand up above the adjacent sedimentary rocks. Many which are
found in mine tunnels are concealed at the surface by waste. A few, however, are distin-
guished by greater prominence and size. One example is that of a short, thick dike on the north
side of Prichard Creek, about a mile and a half above Raven, which gives rise to a large talus
at the side of the road. But by far the largest of the diabase dikes in this district is the one
indicated on the map as lying at the southern limit of the district, south of Placer Creek.
Within the area mapped its size is moderate, but about a mile southeast of the boundary it
attains a width of 1,000 feet and forms a rounded knob. It is said to extend 20 or 30 miles
farther east, maintaining its large size and conspicuous topographic expression. It is note-
worthy that this dike is in line with an important fault fissure, which was traced for 12 miles
to the western limit of the district. :

PETROGRAPHY.

The diabase, best exemplified by specimens from the great dike just described, has the
familiar ophitic texture. Laths of plagioclase, generally white and semiopaque from decom-
position, are embedded in a dark mass consisting chiefly of pyroxene, but comprising some
rather large grains of iron ore.

Examined in thin section the rock is found to be a siliceous type of diabase, for it is free
from olivine and contains quartz. The principal constituent is plagioclase, which, in the few
individuals not too decomposed for determination, appears slightly zoned, the crystals being
mainly labradorite, with somewhat more sodic outer shells. The second in importance is
augite, of a pale-brownish color with occasionally a faint tinge of violet. In cross sections the
prismatic cleavage is distinct and there are in places a few cracks parallel to the orthopinacoid,
but the cleavage in this direction is nowhere prominent. A peculiar feature generally present
is a cleavage parallel to the base, which seems to be quite unconnected with any lamellar twin-
ning. Simple twins parallel to the orthopinacoid are common. The iron ore shows invariably
the skeleton forms characteristic of ilmenite. The quartz fills interstices between the other
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minerals and is in many places intergrown with a cloudy feldspar that shows no twinning and
is undoubtedly orthoclase. Apatite is comparatively abundant in long, slender needles that
penetrate all the other minerals. Besides these primary minerals universally present there
is in some specimens a very little biotite and apparently primary hornblende.

The minerals have crystallized from the magmain the order usual for this class of rocks. The
plagioclase is idiomorphic against all other constituents but apatite. The augite, though much
of it enwraps the plagioclase, does not form broad ophitic plates. It is in some places sharply
idiomorphic against the ilmenite, though elsewhere this relation is apparently reversed. 'The
quartz and orthoclase have crystallized last and practically at the same time.

None of the diabase is fresh. The plagioclases are in greater part replaced, chiefly by
colorless mica and zoisite, though scapolite also occurs in some specimens. The augite is more
or less uralitized and also gives rise to some material resembling iddingsite. From the green
splintery uralite the supposedly original hornblende is distinguished by color and form, being
deep greenish brown and in part well crystallized. Chlorite is formed at the expense of blotlte,
and the ilmenite is to some extent replaced by leucoxene.

LAMPROPHYRE.
OCCURRENCE AND DISTRIBUTION.

Certain dikes whose materials show some differences in composition, but have several
essential characters in common, have been mapped in one color and will be described here
together. They are dark-colored, rather fine grained rocks, whose chief constituents are plagio-
clase, biotite, and hornblende. The most striking and diagnostic feature visible megascopically
is the presence of abundant well-formed slender prisms of hornblende and tablets of biotite,
which distinguish the lamprophyre from the diabase.

These dikes occur chiefly north and east of Kellogg and east of Murray, but isolated ones
are seen near Burke, near the Morning mine, and near Dobson Pass. One of them is cut by
the Grouse tunnel in Grouse Gulch, but was not found at the surface. Their direction ranges
from about northwest to about northeast. Their width is rarely more than 10 vards.

The lamprophyre shows even more decomposition than the diabase and does not form con-
spicuous topographic features. Some of the best exposures are in a railroad cut just east of the
mouth of Elk Creek, and along the steep rocky slope north of the South Fork of Cceur d’Alene
River and east of Kellogg, and on the road a mile north-northwest of Dobson Pass.

PETROGRAPHY.

The lamprophyres of the Ceeur d’Alene district are dark gray, holocrystalline, and of fine to
medium fine grain. They show a good deal of variation in megascopic appearance. The most
common type is an even-grained rock which shows abundant crystals of hornblende, whose
characteristically slender prismatic form makes them very noticeable; biotite forms numerous
small foils; and feldspar, usually of an opaque white, is recognizable. In many specimens the
ferromagnesian minerals show a tendency to porphyritic development, which is strongest in the
biotite; andinthese specimens the groundmass becomes very dark and almost aphanitic,although
small crystals of hornblende and biotite can still be detected. A most striking illustration of
this facies is seen in the dike exposed just east of Elk Creek. The rock composing this dike
contains, in an almost aphanitic groundmass, great numbers of shining brownish-black hexagonal
tablets of biotite, some of which reach three-eighths of an inch in diameter. A rock in strong
contrast to this in megascopic appearance, more because of different texture than because of
widely different composition, forms a small intrusion north of the South Fork of Ceeur d’Alene
River and east of Kellogg. It is coarser grained and somewhat richer in feldspar than the
material of the other lamprophyre dikes and of a not very dark greenish-gray color. White and
pink feldspar, decomposed biotite, hornblende, and some dull-green material are distinguishable
by the unaided eye. The hornblende does not form such conspicuous elongated crystals as
usual, and few of the biotite foils are more than 2 millimeters in diameter.
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Microscopically the essential constituents of these rocks are seen to be plagioclase, biotite,
and hornblende, with augite in some specimens, and a rather small amount of orthoclase and
quartz. The plagioclase is the most abundant constituent, and the hornblende is generally sec-
ond in abundance; the biotite, whose amount varies a good deal, occupies in some specimens
the second place, but is generally subordinate to the hornblende. As accessories, magnetite and
apatite occur in all specimens, while titanite and zircon are detected only in a part. Secondary
material is generally plentiful. The texture, except for the local porphyritic development of
the ferromagnesian constitutents, is typically panidiomorphic. Plagioclase, biotite, horn-
blende, and augite show in general fairly good crystal form, somewhat marred by mutual inter-
ference. Room for growth has been given by the presence of a little residuum of acidic material
which, remaining liquid until the moment of final solidification, has crystallized as quartz and
orthoclase, and these minerals, commonly intergrown as micropegmatite, fill interstitial spaces.

The plagioclase crystals have cores much more basic than the peripheries, but in polarized
light the one appears to shade into the other and there are no distinct zones. The species com-
posing them range from labradorite to acid oligoclase. Rather characteristic is the scarcity of
albite striee, many individuals being only simple twins. The biotite is of a deep-brown color.
The hornblende is mainly brown, but exhibits olive and grass-green tints in some specimens.
Many crystals have brown centers and green peripheries. The augite in thin section appears
faintly tinged with green or almost colorless. Slender needles of apatite are generally abundant.

The alteration of these rocks is generally even greater than would be expected from their
megascopic appearance. Their common secondary constituents are calcite, epidote, chlorite,
kaolin, and tale. The more basic part of the plagioclase is generally clouded. The biotite is
more or less affected by the common alteration to chlorite and epidote, but in some specimens
it has a remarkable degree of freshness. The porphyritic crystals from the dike east of Elk
Creek are almost perfectly fresh, though the remainder of the rock is extremely decomposed.
The hornblende is resistant, but the augite less so, and in some specimens it seems, though
absent, to be represented by pseudomorphs of chlorite or serpentine. Inat least one dike, near
the mouth of Spring Gulch, olivine seems to have been present originally. This rock contains
hornblende, biotite, and augite—the last considerably altered to calcite and serpentine. Sev-
eral areas larger than those formed by the other crystals are composed of talc. They have
slightly elongated form, are generally irregular in outline, though one or two give some sugges-
tion of the familiar double-pointed prism of olivine, and they contain no particle of any original
mineral.

TERTIARY AND QUATERNARY DEPOSITS.

CLASSIFICATION, ORIGIN, AND GENERAL MODES OF OCCURRENCE.

The only rocks in the Cceur d’Alene district which are younger than the pre-Cambrian
sediments and igneous intrusives already described are those included in the third principal
group mentioned in the introduction to this chapter. They consist of deposits of gravel, sand,
and silt, laid down upon the profoundly eroded surfaces of the older rocks by streams of water
and by glaciers. They are accumulations of small area and volume as compared with the older
rocks, and they have not been so thoroughly studied nor so completely mapped as the forma-
tions previously described, for two reasons. On the one hand they are of less economic impor-
tance, and on the other they are in most places poorly exposed. Owing to the tendency of
unconsolidated materials to creep down hill, it is generally difficult to determine to what extent
they are in place and to locate their boundaries with precision. Many of the smaller areas of
gravel upon the valley sides, as well as the narrow strips of valley alluvium along the minor
streams, too small for cultivation and of no importance as placers, have accordingly been
neglected in the mapping.

For purposes of mapping and description the deposits under consideration are classified,
on the basis of origin and mode of occurrence, as (1) terrace gravels,.(2) glacial deposits, and
(3) valley alluvium. The order in which they are here mentioned is in general that of age,
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although the period in which the terrace gravels were deposited may have been overlapped to
a slight extent by that in which the later deposits were formed.

The terrace gravels (see Pl. VI, B, p. 34) occur upon benches or flat-topped spurs at various
levels up to more than 1,000 feet above the present valley bottoms. In their present state they
are but mutilated remnants of sheets that were at one time far more extensive and continuous.
The character of these deposits of thoroughly waterworn materials and their elevated position
make it clear that they are the work of streams in past stages of topographic development.
Meandering in their valleys these streams deposited their loads of sediment upon their floors,
especially in times of flood ; but from time to time uplift or other causes brought about conditions
favorable for rapid down-cutting, and remnants of the old flood plains were left on the valley
sides.

The uncertainty in the matter of age indicated in the heading of this division pertains chiefly
to the terrace gravels. It is known that the highest and oldest of these are Tertiary. Not only
is it inherently improbable that the immense volume of rock removed in sinking the valleys for
a thousand feet or more could have been excavated in Pleistocene time, but there is clear evi-
dence that within 25 miles of the western boundary of the district the valleys had nearly attained
their present depth even in the early Miocene. About the shores of Lake Cceur d’Alene and
up the valley of Ceeur d’Alene River as far as Medimont there are patches of basalt in posi-
tions which prove them to be remnants of the great basalt flows poured out over the Columbia
Plain. As these basalts have been shown by evidence gathered in other regions to be Miocene,
it is certain that the major valleys of the region were deeply incised in mid-Tertiary time. It
is not improbable, on the other hand, that some of the later and lower terraces are Pleistocene.
But in the present state of knowledge it is impossible to classify satisfactorily the terraces of the
district on the basis of age. An attempt-is made, however, to correlate some of the more
voluminous of these deposits with the basaltic eruptions on grounds indicated in the chapter on
geologic history (pp. 70-77).

The former existence of alpine glaciers in this region has already been mentioned. They have
left a conspicuous topographic record in the cirques and U-shaped valleys which lie among the
higher peaks and ridges. The second of the three classes of unconsolidated deposits above men-
tioned consists of accumulations of fragments torn by the glaciers from the mountain masses,
chiefly in the upper parts of the areas formerly occupied by perpetual ice. The distribution of
such material affords the best available means of learning how far the vanished glaciers of the
district were able to creep down the valleys into successively warmer layers of air before the
loss from melting overbalanced the accession of material from the colder zones above, and to
what depth they filled the canyons. The information which they afford may be supplemented
by observations-of rock ledges rounded and scratched by débris held by the moving ice.

Although the glacial deposits, technically known as moraines, are not subdivided in the
mapping, they are susceptible of classification, according to mode of deposition, as lateral
moraines and terminal moraines. The former accumulate at the sides of ice rivers and have
the character of linear trains of bowlders and other débris or of terraces which are narrower
and less even topped than those formed by streams, from which they are also distinguished by
the character of the material composing them. The terminal moraines consist of the material
which is carried on and in the glacier to its end, where it is deprived of its support by the
melting of the ice. The material mapped is mainly of the latter class. If a glacier remains
nearly stationary for some time, then retreats rapidly, it leaves a rudely crescent-shaped mass
of débris whose concavity faces up the valley. If, however, the ice recedes more slowly with-
out halting long at any one point, it leaves an irregular sheet of débris along the part of the
valley through which it has thus receded. In the Cceur d’Alene district the recession of the
ice appears to have occurred in general according to the manner last indicated, and few well-
defined terminal moraines are to be found except at those places in the high cirques where
the ice front made a last stand before the final disappearance of the glaciers. )

The alluvium that forms the present floors of the valleys is for the most part of geologically
recent age. It has been deposited by means which may be seen in operation to-day, and
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which have already been indicated in discussing the terrace gravels. Two causes of abnor-
mally rapid deposition of stream gravels existing at two periods of Quaternary time may,
however, be mentioned. First, the period in which the ice was retreating must have been
characterized by swollen streams heavily laden with glacial detritus, and the large quantity
of gravel which now lies in the valleys of certain shallow brooks gives evidence that such con-
ditions must have prevailed in some former period. Second, the mining industry has locally
caused a disturbance of the natural workings of the streams by overloading them with the
material excavated from underground workings.

TERRACE GRAVELS.
DISTRIBUTION.

The highest gravel found in this district occurs on the east side of Gorge Gulch near its
head, at an elevation of about 5,800 feet. Only a few pebbles of quartzite, well rounded, about
3 inches in diameter, constitute this occurrence, which therefore is not mapped.

The next highest mass of gravel, an extensive one which is shown on the map, lies on the top
of the hill just north of Wallace. The summit of the hill is nearly 4,000 feet high, and the
deposit is apparently about 500 feet thick. Doubtless belonging to the same stage of valley
filling is the northeastern part of the long strip of gravel that caps the divide between Canyon
and Ninemile creeks below Bradyville. The loose quartz bowlders here have withstood
disintegration better than the underlying rocks, and as these have been sapped, extensive talus-
like masses of the gravel have crept down on either side, especially into the heads of the gulches
on the west.

The great bulk of the terrace gravels rests at elevations of 3,450 to 2,400 feet. In some
valley sections this material lies on several distinct terraces, but elsewhere, though possibly
once separated, it mantles the slopes continuously through a vertical distance of several
hundred feet. The most extensive deposits that lie south of the river near Kellogg have their
highest limit at about 3,000 feet, and descend within about a hundred feet of the floor of the
valley. The mass just west of Big Creek was formed by the filling in of a channel about 500
feet deep. The largest area in the drainage basin of the North Fork of the Ceeur D’Alene lies
northwest of Murray (see Pl. VI, B, p. 34), between the 3,500- and 3,250-foot contours for the
most part, although a lobe descends to 3,000 feet, and the other areas of the “old wash’ near
Murray have about the same range of elevation. A small patch of gravel on a spur in the
North Fork Valley, at an altitude of nearly 3,500 feet, 2 miles west of the mouth of Cedar Creek,
is the only mappable remnant of what may have been an extensive flood plain. On the slopes
to the west scattered pebbles are present at about the same level. Another patch at 3,500
feet occurs on the spur between Scott Gulch and White Creek, in the Beaver Creek basin.

Lower deposits occur at various points, generally on terraces distinct from the present
valley bottoms. The area east of Willow Creek, however, merges into the present bottom.

The best exposures of the terrace gravels occur on Prichard and Eagle creeks, where hydraulic
mining was once an important industry.

CHARACTER.

The terrace deposits consist mainly of well-rounded pebbles and bowlders of the old
sedimentary and igneous rocks of the district. The prevailing kind of rock varies according
to locality, but on the whole there is naturally a predominance of sandstone and quartzite. A
large amount of decomposition is manifested in the banks of gravel at Murray, where bowlders
of apparently firm quartzite break under the hammer with little more resistance than clay.
This softening is doubtless due to the alteration of the sericitic cement by percolating waters.
The worked deposits contain a large amount of secondary iron oxide, which gives them an
orange color in a distant view.

Cementation is rarely observed, but has occurred locally and to a small extent. Iron oxide
is the principal cementing material.
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GLACIAL DEPOSITS.
DISTRIBUTION.

The small alpine glaciers that carved the high amphitheaters have all left morainal deposits,
but generally these are of so little extent that they were not mapped. Some of these minor
moraines are indicated, however, on Willow Creek, Gold Creek, Gorge Gulch, and elsewhere.

A few glaciers, formed by the confluence of several small ones, extended down into the
large canyons, and attained a length of several miles. The larger ones occupied the canyons
of Glidden, Prospect, and Canyon creeks, and of the upper St. Regis River. These glaciers,
especially the last named, have left extensive and voluminous deposits, which lie mainly in
the bottoms of the valleys, though small remnants and scattered bowlders on the sides indicate
the former depth of the ice.

A few localities where the character of the glacial materials can be well observed may be
mentioned. A good exposure of glacial débris has been made by the cutting for the road in
Gorge Gulch. A conspicuous accumulation of white quartzite bowlders, little rounded and too
large to have been transported by streams, lies on the purple and green beds of the St. Regis
formation east of Rabbit Gulch. The best locality in the district for the study of the glacial
débris is in St. Regis Valley, where the road winds about among irregular knolls and ridges of
quartzite bowlders, and the railroad affords several cross sections of the moraines. There is
usually some morainal material on the outward borders of the rock basins that hold the tarns
in the amphitheaters. The artificial dam of Lower Glidden Lake has done little more than to
repair the breach in the morainal dam that has been made by the stream since glacial time.
The meadows near the head of Canyon Creek have been formed by the filling in of basins inclosed
by morainal material, in which the stream has intrenched itself below.

CHARACTER.

Topographically, the glacial accumulations are distinguished from stream deposits by very
irregular surfaces. No well-developed longitudinal morainal ridges were noted in the district,
but low ridges athwart the courses of the glaciers occur, marking stages in the retreat of the ice.

The glacial débris consists of an unassorted mixture of material ranging from fine sand
to large bowlders. The bowlders, some of them much larger than those rolled by streams, are
imperfectly rounded, and in some places where they have been protected by weathering show
the characteristic glacial polish and striation.

VALLEY ALLUVIUM.
DISTRIBUTION.

As may be seen from a glance at the map, the large streams of the district have in general
formed the broadest alluvial deposits. The rule, however, has many exceptions, the North
Fork of the Ceeur d’Alene, for example, having on the average a narrower flood plain than the
South Fork, and the latter flowing for several miles in a steep-sided canyon after having occupied
in its upper and smaller portion a comparatively broad valley. These exceptions are partially
explainable by the more rapid development of valleys in softer rocks, but are probably in part
the result of more obscure causes, such as uneven uplift or stream capture. Alluvial benches
of appreciable width occur along all the streams except the small and steep-graded headwater
brooks, whose erosive activity is constant, and these flow over ledges of bed rock.

The alluvial deposits in certain valleys impress the observer as disproportionate in size
to the present streams, which in their lower courses are not generally eroding bed rock. This
disproportion is especially pronounced in the valleys of Beaver, Prichard, and Eagle creeks.
Hydraulic and dredging operations in their bottoms have exposed heavy accumulations of
well-rounded gravel, which these streams are certainly not depositing now to any considerable
extent. The facts indicate a former period of rapid deposition in valleys deeper than the present
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ones, by overloaded streams much larger than those that now exist. This period probably
belongs to the time when the glaciers were dwindling, and the streams were laden with glacial
débris augmented by a large amount of the older gravel washed down from the terraces. More
recent redeposition of old gravels has taken place elsewhere, notably on the fanlike area about
a mile up Ninemile Creek from Wallace, which is composed chiefly of gravel washed down
from the hill to the west.

CHARACTER.

The material in the bottoms of the valleys exhibits considerable variation in character,
depending chiefly on the amount of working over to which it has been subjected. The allu-
vium in the lower and broader parts of the valleys consists in the main of well-rounded gravel
mixed with sand. In places, especially where forest is growing or has recently been cleared
away, this is covered with a soil sufficiently deep for the raising of hay and vegetables. The
pebbles ahd bowlders brought up by dredging or hydraulic operations on the lower courses of
Eagle and Beaver creeks are conspicuously well rounded, and this may be due to the fact that
the material has undergone two periods of working over, for the present valley alluvium was
doubtless in large part derived from the washing down and rearrangement of the old terrace
deposits.

A conspicuous instance of the rearrangement of old gravels occurs in the neighborhood of
the cemetery on Ninemile Creek, which is situated in an unusually large and steeply sloping
alluvial fan composed in great part of sand, gravel, and bowlders evidently derived from the
old fluviatile deposit that caps the hill to the west.

The points where small streams enter the valleys of streams decidedly larger are commonly
marked by alluvial fans, all of which, however, are not brought out by the contours of the
topographic map. These fans, except in certain peculiar cases like that just cited, are in
general composed of material which, not having been transported far, is but slightly rounded,
imperfectly sorted, and indistinctly stratified. Such material, especially when derived from
the- argillaceous Prichard and Wallace formations, is richer in nutriment for plants than more
thoroughly worked material, from which the more soluble constituents have largely been
removed, and some of the more flourishing gardens of the district are situated on such alluvial
fans, which in addition to their fertile soil have the advantage of being easily irrigated.

Near the former terminals of the glaciers there is considerable material consisting of
slightly reworked glacial débris which, having been brought to its present position by flowing
water, is mapped with the valley alluvium, but which retains in a measure the character of
ordinary morainal material, being composed of subangular fragments imperfectly sorted and
stratified. Material of such character is exposed in a cutting near Pottsville, and forms a
considerable portion of the valley floor to the east.

Most recent, in general, of all the alluvial deposits of the district is the mine débris which
forms a veneer covering extensive areas along the lower part of Canyon Creek and in the valley of
the South Fork of Ceeur d’Alene River below Wallace. The material consists of sharply angular
fragments of rock, less than an inch in diameter, and mud of impalpable fineness, much of
which remains suspended in the river to its mouth and settles to the bottom only when it reaches
Ceeur d’Alene Lake. This mud makes the water of the upper, swift-flowing part of the river
gray and densely opaque, but the lower part of the stream, especially after dilution with the
limpid waters of the North Fork, is more translucent and of a pea-green color.

Within the Cceur d’Alene district, the principal areas in which the tailings have been
deposited are three in number. The first lies in the only broad-bottomed part of the valley of
Canyon Creek. The deposit here is somewhat of the nature of a delta. In the constricted
part of the canyon upstream from this expansion the forces of the stream, concentrated within
a narrow channel, suffice for transportation of a heavy load, but a short distance below Gem,
where the grade of the beds diminishes at the same time that the canyon walls recede, the
waters slacken in velocity and, in times of high water at least, disperse themselves broadly,
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so that they deposit a large part of their surplus burden. The floor of this expanded portion
of the canyon is a barren waste of gray shingle (jig tailings) through which project the dead
stumps of trees.

A second equally desolate tract lies in the valley of the south Fork of Ceeur d’Alene River
above Osburn. Between Twomile Creek and Nuckols Gulch a dam has been constructed to
retain the coarser part of the tailings that pass through Wallace. This material comes in
large part from Mullan, but includes some which escapes from Canyon Creek.

Below this dam there is no very extensive deposition until, near Kellogg, an immense
amount of débris from the Bunker Hill and Sullivan and Last Chance mines is consigned to the
stream. With this material the greater part of Jackass Prairie is covered. Within a few miles
west of the district the coarser part of the river’s artificial sediment becomes completely settled,
but the meadows in the broad lower valley are annually flooded and covered with a film of the
fine mud which the water carries in suspension.



CHAPTER III.—-STRUCTURE.
INTRODUCTORY STATEMENT.

The great and complex deformation of the Algonkian rocks of the Cceur d’Alene district
has been effected in about equal measure by folding and faulting, and to a less extent by the
development of cleavage and fissility. The monotony of the strata and the lack of readily
traceable beds, together with the scarcity of good exposures in some large areas, make it
impossible to work out the structure with anything like completeness. But two seasons
in the field have yielded enough data for tracing the faults which have affected notably the
areal distribution of formations, for recognizing most of the great folds, and for making some
generalizations in regard to the character of the minor structural features.

The information obtained has been represented in part in the geologic map and structure
sections of Pl. IT (in pocket). The dips and strikes selected for plotting on the map are, first,
those which express the great folds; second, scattered ones that show the existence of
subordinate folds not possible to work out completely; and third, fairly complete series along
short, well-exposed sections that have been studied in detail, to show the general character
of the minor plications and the complexity which the structure locally exhibits.

The numerous and abrupt variations in strike shown on the map and even more con-
spicuously displayed in the field can not have resulted from a single manifestation of force, but
there is no positive basis for discriminating several periods of deformation. The movements
affected all the formations of the Algonkian system, but were finished before the Tertiary
gravels were laid down, so that in this district at least there is no evidence to fix their age
more definitely than as post-Algonkian and pre-Tertiary. In few places is one fault clearly
thrown by another, and it is therefore impossible to assign one system of faults to one period
and another system to another period.

That folds, faults, and cleavage have been in some degree contemporaneous and the work
of the same forces is indicated by the fact that in any given area the prevailing strike of the
beds, of the cleavage, and of the principal faults is approximately the same.

In the following pages devoted to structure some account will first be given of the folds.
The general character of the faulting will then be described, and illustrated by numerous
examples. The nature of the cleavage will then be discussed briefly. Finally a general
analysis of the structure of the district will be attempted.

FOLDING.

The rocks of the Ceeur d’Alene region have been thrown into numerous folds, many of
which, however, have been cut off by faults. The strikes are prevailingly northwest and
southeast. In most parts of the district a dominant trend, which is that of the axes of the
principal folds, is recognizable, and the strikes in various directions transverse to this trend
are due to local flexure or mark the ends of pitching folds.

The great folds, traceable for several miles, are not very numerous. Among them are
two anticlines which cross Big Creek, the one half a mile below the West Fork and the other
half a mile above the East Fork. Another is a syncline in whose axis lies Granite Peak.

The reason for the lack of persistence of the folds is in many cases their pitching character.
Of large pitching folds the Granite Peak syncline is an example, while Tiger Peak and Sunset
Peak are both at the ends of pitching synclines. Examination of the dips and strikes along
Gold and Bowlder creeks shows that most of the minor folds there pitch more or less decidedly,
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a condition which with the scarcity of exposures accounts for the apparent discordance in
structure between the opposite sides of some ridges and canyons.

The angles of dip are generally moderate to high, and it is only in the northeastern and
northwestern parts of the district that gentle dips prevail over large areas. On the other
hand, dips approaching 90° are common and there are some great overturns. The most extensive
and pronounced of these overturns has been traced along the south side of the Osburn fault
nearly the whole distance from Wallace to Wardner, and causes the St. Regis to overlie the
Wallace formation. An excellent section of the beds thus inverted is exposed in Lake Creek
canyon. There clear proof of the overturn is seen in the fact that the sun cracks of the shaly
Wallace beds are invariably on the north side of the laminz of sedimentation. The lowest
reverse dips, good exposures showing some of 30° and doubtful ones of 15° are seen on the
spur west of the lower part of McFarren Gulch. Other localities where the dips are reversed
are about the head of Paragon Gulch, at the head of Sonora Gulch, and southwest of
Snowstorm Peak.

Many of the folds are unsymmetrical, and show steeper dips on one side than on the other.
Where this is so, the folds almost invariably lean to the north or east. The steeper dips are
on the northern and eastern sides of anticlines, on the southern and western sides of synclines.
Nearly all the overturns are to the north and east, the only known exception being that which
occurs south of Snowstorm Peak.

Superimposed upon the folds hitherto discussed and indicated on the map, like ripples
upon great sea waves, and far too small to be shown to scale on the structure sections, are the
minute wrinkles shown in much of the slaty material, and most conspicuously in the banded
rocks of the Wallace formation. Nowhere can one find more striking examples of these minor
plications than along the valley for a few miles above and below Wallace. Some exposures of
these intricate folds are shown in Pl. VII. Some of the railroad cuts display closely pressed
folds a few feet across, complicated by faults. Many of the folds are so small that a hand
spectmen may show several, and in certain finely banded argillites in the upper part of the
Wallace formation intricate folding and faulting is beautifully shown on a minute scale.

FAULTING.
EVIDENCES OF FAULTING.

In the Ceeur d’Alene district the existence of a fault may be considered proved when
a formation is found in contact with another not adjacent to it in the normal stratigraphic
sequence, for within this area none of the formations disappear through unconformity or over-
lap. Evidence still more positive is obtainable in some underground workings, where many
fault contacts may be directly observed. Lesser faults are indicated when formations in
normal sequence show discordant dips on either side of the plane of contact. The outcrop
of many faults is marked by a breccia, which may be very conspicuous where the faulted rock
is quartzite. The quartzitic breccias, consisting of angular fragments stained and cemented
with red iron oxide, in some places form crags and break down in rugged bowlder-like masses.

While it is on such ecriteria as these that positive demonstration of faulting must depend,
the existence of a fault is frequently suggested by certain topographic features. The rela-
tively rapid erosion that usually takes place in the crushed rock of a zone of fracture tends
to develop stream valleys along fault lines, and to form saddles where the faults cross ridges.
As in this district none of the formations have thick, persistent beds much softer than those
above and below, a row of saddles, especially if aligned in a direction parallel to known fissures,
may generally be ascribed to a fault. Again, an abrupt change of slope frequently proves
to be the result of a fault which has brought together two formations that differ widely in
resistance to erosion. The few faults that lack notable expression in the topography are those
which have caused a hard formation to rest upon a soft one, as for example the gently dipping
overthrust west of Ucelly Gulch, which has brought the Burke and Revett quartzites over
the Wallace shales.
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All these topographic indications of faulting have been brought about, so far as observed,
through differential erosion. The district apparently affords no examples of direct expression
of faulting in the topography. Where the surface of an upheaved block has a general elevation
greater than that of an adjacent downthrown block, the fact is nearly always due to the greater
resistance of the rocks on the side of the upthrow, and there are many instances of the opposite
condition, where the surface of the downthrown block is the more elevated.

GENERAL CHARACTER AND DIRECTION OF THE FAULTS.

Of the faults in this district whose direction of dip is known, the majority are normal, yet
there are also many of the reverse type. = The normal faults generally have steep dips of 50° to
80°. There is, however, an exception in the great Dobson Pass fault, whose dip is about 30°.

The reverse faults also vary greatly in dip. A part only, as the Ucelly Gulch and Carpenter
Gulch faults, have the low dips generally considered characteristic of overthrusts; but a far
greater number clearly seen in mine workings have dips of 50° to 80°, and although having
displacements amounting to thousands of feet are accompanied by so little crushing end
disturbance that it is impossible to conceive of their having been formed by lateral pressure
alone. To these dislocations the term ‘‘ overthrust,” suggesting low dip and intense tangential
strain, does not seem appropriate.

The throw of nearly all the faults indicated on the map amounts necessarily te hundreds or
thousands of feet, for while multitudes of smaller faults doubtless exist, the conditions do not
admit of their being traced.

In direction, most of the faults are in the northwest and southeast quadrants. There is
one marked system of faults with directions approaching west-northwest, and with these many
important ore bodies are associated. The system is best developed in the southern part of the
district, but is represented by examples in all parts of it except the extreme northeastern. Faults
with a nearly meridional direction, from north-south to north-northwest, are rather numerous,
especially in the central and northern parts of the area. Near Burke is a well-defined group
running about N. 40° W. A northeasterly trend is shown by a few faults in the north-central
part of the district.

The major part of the faults, whether normal or reversed, have a westerly or southerly dip.
The exceptional eastward or northward dipping faults occur chiefly east of Burke.

DESCRIPTION OF PRINCIPAL FAULTS.

The dislocation which has been traced for the greatest distance will be designated the
Osburn fault, from the village that lies in its course. This is a normal fault, with the down-
throw on the south. It is distinctly traceable from Mullan to the western limit of the district,
a distance of 18 miles, and reconnaissance observations indicate that it continues westward fully
10 miles more. It is exceptionally well expressed in the topography. Between Mullan and
Osburn nearly every spur is deeply notched where the fault crosses. West of Osburn its course
is marked by saddles or abrupt changes of slope, which characterize the line of its supposed
continuation down the valley as far as Mission. From Osburn to Dexter Gulch it is traced
almost exactly by the electric power line, which has followed the line of saddles due to the
fault, rather than the more devious course of the river. :

The throw probably reaches its maximum near Osburn, where beds at a horizon near the
middle of the Wallace on the south are in contact with beds low down in the Prichard formation
on the north. The displacement here must be considerably more than 6,000 feet. The throw
decreases eastward from Wallace, but is still large where the fault disappears beneath the
alluvium. At Wardner it is diminished by a cross fault which cuts off the Wallace. West of
that point the Osburn fault is generally between Burke and Prichard rocks.

The Osburn fault was observed underground in several places. It is crossed by the No. 6
Morning tunnel and, as noted by Mr. Ransome on page 171, a tunnel is being driven along it in
Grouse Gulch. It is also well seen in the Three Sisters mine near Wallace. In all these places
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4. LOCAL FOLDING IN WALLACE FORMATION, ONE-HALF MILE EAST OF WALLACE.
Shows typical thin banded beds.

B. SHARPLY FOLDED AND FAULTED BEDS OF THE WALLACE FORMATION, 1% MILES EAST
OF WALLACE.
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the fault plane shows a steep dip to the south. A prospect a little west of the mouth of Rosebud
Gulch has crossed the fault, but the tunnel is caved in just north of it. The property shows,
however, a basic dike 80 feet thick, apparently injected into the fault fissure. A drift has been
run several hundred feet along the north side of the dike, in a zone of crushed rock several feet
wide, with many slips and seams of gouge. None of these fractures are very regular or persistent,
but most of them dip to the south. The movements along the fissure have been complex in
detail, and some of them have affected the dike. In the adit the Burke and Prichard north of
the fault are cut by a multitude of minor slips dipping steeply to the south, which increase in
number as the main fault is approached. There has been a distribution of the movement across
a zone several hundred feet in width, but the throw along the main fault seems to have been of an
order of magnitude distinetly higher than that on any of the subsidiary fissures.

Another fault of great length probably influenced the location of Placer Creek, and will be
referred to as the Placer Creek fault. It enters the district on the west just south of the East Fork
of Pine Creek, and is plainly marked for 12 miles eastward. It disappears under the alluvial
bottom of Placer Creek, but there is evidence that the fissure continues for fully 30 miles farther
east, in the existence of the great dike already referred to, and a zone of mineralization in line
with its general course. No fault in the district has more complete topographic expression, or is
more readily traced. Half a dozen distinct saddles, including the one behind Kellogg <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>