
,~, ASHTNG'l'ON HEOLOHICAL SURV FiY 

HENRY LANDES, State GMlogls ' 

B LLETIN N o. 13 

The Tertiary Formations of 
Western Washington 

By CHARLE E. WEAYER 

0 1.\'.' )I l'U .. \ \ '.\SH. 

FllA:-IK ) 1. I.A~I ROlt '.'I ~ I'r11r.1c f'8 1!(T•:R 

l!)JG 



: :·::. ·:: .. ··.: :: : : : .. : :. ·. . 
:• :~ ... : ·:.::::: :·: :·. :. ·.·.:· . .: . . . . . . 

·.: ··: : .. ·.·::·:: .. .. . . . ..... 
: :::·-.::· .. :: .. : 

:. : •• : !• •: • •• . . . .. . .. .. .. . . . . . . ... . . . . . . . . . 

. .. . .. . .... . . .. . . . . . . . . . .. . . . . . . . . .. . . . . . .. 
: ... . . . . . . ... 



BOARD OF GEOLOGICAL SURVEY. 

G0Yc1·nor ERNEST LISTER, Chairman. 

L ieutenant Governor L ou is F . H A1tT. 

) 

State Treasurer E nw AR n l\I EATH, Secretary. 

P re:-idcnt I-! E NltY S 1, zzALLO. 

President ERNJ,ST 0. HOLLAND. 

H .ENU Y L ANDES, State Geologist. 

15719 



LETTER OF TRANS:\IIT1\·\L. 

G01•ernor Ernest Lister, Chairman, and Members of the Bocird 

of Geological Survey. 

GENTLEMEN: 1 have the honor to submit herewith a report en

titled "T he T ertiary Formations of ,~, cstcrn VVashingtou," by 

Charle E. VVcaYcr, with the recommendation that it he printed 

as Bulletin No. lS of the Survey reports. 

V cry rcspectfu lly, 

H El\rrl.Y
0

L l\NDE .. 

. .... :. ··::· :: . . . . . . .. . ... . ·: .. ·::··.::~.:: .. : 
. . . . .. . ...... . . . .. . . . . . . . . .. . . . . . . .. . .. . . . . . 

:. : .•: :• •: ·. : : :·· . . . . ··: :·.:: ·: : •. : : . ·.: . . . . . .. . . 

Sta.te Geologist . 



TABLE OF CONTENT S. 

P«uc 
ILLUSTRATIONS . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . 10 
INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

Field wo1·k and acknowledgments. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Historical review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 16 
Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 

CHAPTER r. To1,ou11Aeuv .,x1> DHATNAoic................. . ...... 54 
General statement . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 54 

CHAPTER II. PUE·Tt:R'l'ILl.ln'. Fo1u1Nl'I0NS . . . . . . . . . . . . . . . . . . . . . . . . . li2 
General statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 
Old metamorphic series. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 

Geographic distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 
Western slope of northern Cascades....................... 63 
Olympic mountains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 

Index granodiorite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 
Areal distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 
Character of outcro1>. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 
Petrographic description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 
Correlation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 

Hoh formation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
Geographic distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
Character of outcrops. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 
Lithology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 
Geologic structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 
Stratigraphy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74 
Conclitions of deposition. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76 
Fossils . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . 76 
Correlation ............................ .. . , . . . . . . . . . . . . . . . 76 

Chico formation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 
General st.'ltement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 
Geographic distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 
Character of outcrops. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 
Lithology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 
Conditions of deposition...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 
Geologic structure ......... .' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 

CHAPTER III. EOCENE FORlCATIONS............................. 81 
General statement regarding the Tertiary as a whole.......... 81 
General statement of the Eocene............ . ................. 85 
Geographic distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 86 
Lithology . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 
Thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 
Stratigraphy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 
Fauna . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 
Conditions of deposition ...... . ..................... ... ....... 100 
Climatic conditions ..................... . .................... 101 



6 'Table of Contents 

CHAPTER III. EooE~E Fo101AT1oxs-Oontinuea: 111111,, 
Newcastle Hills-Grand Ridge Area ...... . ..................... 102 

Geographic distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 02 
Character or ou tcrops . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 
Lithology .... ...... ................................. ... .. 102 
Geologic structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 
Stratigraphy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 09 

Green River Area ..... . ............................ . .... . . • . . 110 
Geographic distribution ................................. .. 110 
Lithology ..... ..... .............. . ......... . . ............ 110 
Stratigraphy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 
Geologic structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 
Conditions of deposition. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118 

Cedar Mountain Area. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . l 18 
Geographic distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118 
Stratigraphy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119 
Geologic structur e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J 19 

Raging River Area . ... ... ........ .... ...... ............... . . 120 
Geographic distribution .............................. .. . .. 120 
Stratigraphy ... .. ................ • .................. . .... 120 
Geologic structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122 

Quimper Peninsula Area ............. . ......... . ............. 125 
Geographic disti-ibution . ... . .... . . . ..................... . . 12;; 
Lithology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126 
Geologic structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J 27 

Port Crescent Area ..................... . ...... .. .......... . . 129 
Geogra1>hic distribution .............................. ..... 129 
Lithology .................................... , ....... . ... 130 
Stratigraphy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 30 
Fauna .................... .. ........ ...... . ... ...... ..... 131 
Geologic strncture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13'.l 

Bald H ills Area ............................... . ............. . 133 
Geographic distribution .... . ......................... . .... 133 
Character of outcrops ............ . ........................ 133 
Lithology ................................ . ..... ........ .. 13-1 
Geologic structure ... . ............. .- ...... • ... .. . ... . .... 136 

B lack H ills Area ...................................... . ..... 137 
Geographic distribution .................... . .............. l 37 
Character o.f outcrops .......... ....... ..... . ...... . ..... . . 13 
Lithology ................................. . . ........ . . . . . 140 
Geologic structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,11 

E lk Creek and Chehalis River Area ............... . ...... • ... . 142 
Geographic distribution .............................. ... . . 142 
Character of outcrops ............. . .................... . .. 144 

'Divide between Columbia and Willapa rivers Area ............ 14:S 
Geographic distribution . .................. ... ....... . ..... 14::; 
Character of outcrops. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H; 
Lithology ..... . .. .. .... . ......... . ................ . ...... 152 
Geologic structure ..... ..... ..................... ....... . 153 

CatbJamet-Germany Creek Area· . ............................. 15:1 
Geographic distribution. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15:3 
Character of outcrops ..................................... lii~ 
Lithology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156 
Geologic structure ....... ...... . ................. ... .. . .. 157 



Table of Contents 7 

CHAPTER III. Eoct;x f~ FOIDl.\'flONS - Continuecl: Plf/1< 
Ilwaco Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 15i 

Geographic distribution .................... . ...... . ....... 157 
Lithology ........ ...... . ................................ . 158 

. Geologic structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159 

Lower Cowlitz Valley Area ..................... . ............. 159 
Geographic dis tribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159 
Chara.ct.er or outcrops. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . L59 
Stratigraphy ... ...................... . ...... . ............ 162 
Geologic structure ........................................ 163 

CHAPTER IV. O L I COC't: NE FOR)IA'flOSS •••..•••.•.••• • •..••••.••. . 164 

General statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164 

FaunaJ Zones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166 
j\lfolopophorous lincoi11ensis Zone. . . . . . . . . . . . . . . . . . . . . . . . . . . 166 
T1iri-itella porterensis Zone ......... . .. ........ . ........... 167 
Acila oettysburgensis Zone .......... . ......... . ........... 168 

L ist of Oligoce)1e and lower Miocene faunas. . . . . . . . . . . . . . . . . . . 170 

Lithology ................................................... 179 

Stratigraphy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179 

Conditions of deposition ...................................... 183 

King County-Restoration Point Area .......................... 186 
Geographic distribution. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186 
Stratlgrapby . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188 
Geologic structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190 

Quimper Peninsula Area. . . . . • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 19;1 
Geographic distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193 
Geologic structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194 

Cape Flattery-Strait or Juan de i,~uca Area . ................... 196 
Geographic distribution ................................... 196 
Geologic structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197 
Fauna ............... .. ... . ......... . . ................... 200 

Grays Harbor Area .......... . . .............................. 202 
Geographic distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202 
Geologic structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204 

Columbia River Area ............ . ....... . ........ .. .. ....... 207 
Geographic distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207 
Geologic structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209 

CHAPTER V. M1oct,NE Fon~rATroxs ...... .. ......... .. ... .... ... 211 
Ge neral statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211 
Lower Miocene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211 

Geograplllc distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211 
Geologic structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212 

Upper ?/Iiocene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213 
~·lontesano formation . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 213 

Geographic distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213 
Lithology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213 
Stratigraphy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214 
Fauna ................... . ...... ... . .. . ... ..... ... .... 214 
Fauual list or upper Miocene ....... ... ........ . ..... .. . 216 



8 T able of Contents 

CHAPTER V. M10CEXE FOR"MATJONS-Oontimtecl: 1•ur1,• 
Grays Harbor Area. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 220 

Geographic distr ibutiou . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 220 
Cha racter of outcrops. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 220 
Lithology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223 
Geologic structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223 
Stratigraphy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225 

Quillayute Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228 
Geographic distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228 
Character of outcrops .................................. 228 
Lithology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228 
Geologic structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229 
Fauna ..................... . .................... . ..... 229 

Snoqualmie granodiori te ... . ......................... . .... 231 
Enumclaw volcanic series . ................. . .............. 232 

Geographic distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232 
Lltbology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233 
Correlation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 234 

CHAPTER VI. P-L£itiTOCENE FORMATIONS .... • ..•....•.... • ....... 23ti 
General statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236 
Glacial deposits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236 

General statemenL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236 
Geographic distr ibution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236 
Character of Pleistocene glaciation in western WashingtoL. . l!37 

Terrace deposits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240 
General statement ....................................... 240 
F luvlatlle deposits ............. . ......................... 241 
Marine Pleistocene deposi ts ............................... 243 
Recent alluvial deposits ....... . .. . .... . ................... 244 
Tidal flat deposits. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244 
Sand dunes .. ..... . ... .. ................................. 244 

CHAPTER VII. GEOI.OOTC STllUC'fURE ANO HISTOHY. . . . . . . . . . . . . . . . 245 
Geologic structw·e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245 

General statement ........................................ 245 
Skagit-San Juan-Vancouver Island upwarp ............ . .... 245 
New Castle-Olympic upwarp .............. . ............. . . 246 
Black Hills u1nvarp ................. , ..................... 247 
Anticlines aucl synclines ..... .. .... . ................... . . . . 248 
Time of folding. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 
Faults ............................................ . ... .. . 25] 

Geologic history . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252 

CHAPTER VIII. PETJlOU:UM Dt: POSl.T!< . . ...•... . • .•..•.•. . •.•..•. 259 
General statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259 
Source of petroleum deposits ................................. 260 
Geologic distribution of petroleum del)osits . ................... 262 
Relation of geologic structure to the occurrence of J>etroleum 

deposits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 263 
Possible occurrences oC petroleum in western Washington ..... 266 
Cascade.Mountains .............. . ................... . ..... . . 267 
Puget Sound Basin ............................... . ........ . . 267 

Glacia l deposits .. . ....... . .............. . .... . ........... 267 
Pre-glacial formations . .................. . ................ 268 

North s lope of the Olympic Mountains. . . . . . . . . . . . . . . . . . . . . . . . 271 



Table of Contents 9 

CHAPTER VIII. PETllOLIW:H DF.J>Osrrs-Continued: J'(lf/r 
Southwestern Washington . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 273 

General statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 273 
Pacific and Wahkiakum counties ...................... . .... 274 
Grays Harbor County. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275 
Cowlitz and Lewis counties ............................... 275 
Thurston County ......................................... 276 

·western slope of the Olympic Peninsula ...... . ............... 277 
Source of the 1letroleum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280 

Geologic conditions in special areas on the west coast of the 
Olympic Peninsula . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281 

Southwestern Clallam County .............................. 281 
Quenlult River district ........... . ...... . .......... . ...... 283 
Queets River district ............................... . ...... 285 
Hoh River clistrict ........... . ............ . ........ . ...... 288 
Quillayute River district. .......................... . ...... 290 
Ozette Lake district .......... • .... ... ..... .. .. .. ... .. ..... 292 

Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 292 
Record or drilling operations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 293 

APPENDIX ............................... . .................... 299 



ILLUSTRATIONS. 

r ms F<1d11r1 • t,.\'t' ~.-. )'aw· 
I. OutHne map or western Washington. . . . . . . . . . . . . . . . . . . 15 

II. Preliminary geologic map of western Washington .. ln Pocket 
m. AFeal and structural geologic map of southwestern 

Washington ... ........ ... ....... ........... . In Pocket 
IV. Map A. General geologic and structural map of the 

western and northern margin of the Olympic Penin-
sula ............. ........... ....... .......... In Pocket 

Map B. Areal and structural geologic ma1) of a belt ex
tending across Puget · Sound Basin into the Cascade 
Mountains .......... . ....... .... ............. In Pocket 

Map C. Areal and strnctu ral geologic map of the 
Quimper Peninsula ........................... In Pocket 

Map D. Areal and structural geologic map of the Cath-
cart-Cherry Valley region ..................... In Pocket. 

V. Summit of Cascade Range showing characteristic to1)og-
rapby . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 

VI. View of Cascade Range taken from Mt. Rainier looking 
south toward Mt. Adams .............. ... . . . . . . . . . 40 

VII. Mount Rainier looking north from Tatoosh Range. . . . . . 51 
vm. Tatoosb Range in the Cascade Mountains showing char

acteristic topography of the western s lope ... ....... 59 
IX. Olympic Range as viewed from Seattle, showing low 

glacial plain of Puget Sound in foreground and Mt. 
Constance in background. . . . . . . . . . . . . . . . . . . . . . . . . . . 61 

X. Index Mountain situated on western slope of Cascade 
Range; Skykomish River in foreground........... .. 68 

XI. Geologic and structural map of a portion of southwest-
ern Clallam County. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76 

XII. Geologic and structural map o( the region Crom Hoh 
Head southward to the mouth of Hoh River. . . . . . . . . 81 

XIII. lnterbedded tuffs and shales in Eocene basalt series at 
Port Crescent, Clallam County .... . ................ 102 

XTV. Eocene basalts exposed on west side of Cape Disappoint-
ment north of entrance to Columbia River .......... 129 

XV. Eocene basalts on east side of Cape Disappointment as 
viewed from Tiwaco ................................ 147 

XVI. Geological and structural map of the region in the vicin-
ity of the junction Olequa and StilJwater creeks, 
Lewis County . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161 

XVII. Geologic and structural map of Cape Flatte ry. . . . . . . . . . 164 
XVUI. Oligocene sandstones exposed at the boat landing on 

Tatoosh Island . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179 
XTX. Oligocene sandstones exposed on the north shore of 

Cape Flattery, Tatoosh Island in the background .... 180 



lllustrntions 11 

.Foc-i1111 
Payr 

XX. loterbedded sandstones and shales o[ Oligocene age ex
posed on the south shore of Cape Flattery halfway 
between the Ca1>e and Waatch Slough .............. 185 

XXl. Coarse grained Oligocene sandstones and conglomerates 
showing cavernous weathering as exposed on an 
island on the south side of Cape Flattery. _. . . . . . . . . 186 

XXJ l. Sandstones and conglomerates of Lower Miocene age as 
exposed east of Clallam Bay on the shore of the 
Strait of Juan de Fuca .. .......... . . .. - . . . . . . . . . . . . 194 

XXIII. Geologic and structural map southeast from Port An
geles, Clal lam County. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199 

xxrv. Geologic and structural map in the vicinity of the en-
trance to the Bremerton Navy Yard ......... _. . . . . . . 200 

XXV. Geologic and structural map a long 1>ortion of l\'asel 
River, Pacific County ............ ........... . ...... 211 

XXVT. Geologic and s tructural map a t the mouth of Queuiult 
River ... . ...... .... ......... ........... ........ ... 218 

x1rvn. Upper Miocene formation as exposed at Cape Elizabeth, 
Grays Harbor County ........ .... ........ .... ... .. . 223 

:x.,x VfIL Figure A. Upper Miocene sandstones looking south from 
Cape Elizabeth toward Queniult River ............ .. 231 

Flgw·e B. Up1>er Miocene shale looking north from 
Point Grenville towards Quenlul t River ............. 231 

XXTX. Figure A. Upper Miocene formations as exposed along 
beach north of Cape Elizabeth. . . . . . . . . . . . . . . . . . . . . 239 

Figure B. Point Grenville, showing Eocene basalts on 
beach at low t ide ............. .. . ...... . ..... ...... 239 

XXX. Structural geologic map of western Washington ........ 250 





INTRODUCTION. 

FIELD WORK AND ACKNOWLEDGMENTS. 

The purpose of this repoxt i to set forth the results of cer
tain geological and palaeontological investigations of the T erti
ary formations of ~ 7estern ~ 7ashington, carried on by the writer 
from 1907 to 1914. An attempt has been made to subdiYide the 
Tertiary deposits upon a stratigraphical and palaeontological 
basis and in a preliminary manner to determine their areal dis
tribution. A study has been made of the strata entering into 
each formation, the conditions w1cler which they were deposited, 
the charactet· of the fauna contained therein, and the structual 
conditions under which they appear. Geological maps accom
pany this report, upon which the larger 1>~.1,rt of the data has 
been as. embled. 

The a rea embraced in this report extends from the western 
foothill;; of t11e Casc,1uc l\Iountains westerly to the Pacific Ocean 
and from C'olumbitt River northward to the Stniit of ,Juan de 
Fucii. 'l'he central portion of the Olympic P eninsull\ is excluded 
since only a hasty recom1oissance of this region bas been made. 
Large portions of W ~stern vV ashing ton have been examined in 
only a preliminary manner but other portions have been studied 
in miuute detail. Sul'Vey trn.verses have been carried from 
Grays Hm·bor northward along the ocean shorel ine to Cape 
Flatter)' and from that point easterly along the Strait to 
D ungcness River. Similar traverses have been made along all 
the more important streams where there were sufficient rock ex
posure to warrant suc11. Observations on the strike and dip of 
the sedimentary rocks were taken wherever possible and these 
were dinnitely tied into stations on the lines of tra.versc. D e
tailed measurements were made in feet of each stratum exposed 
for the purpose of constructing stratigraphic sections. 

'Wherever possible collections of fossils were made and their 
exact localities tied into traverse survey lines. An effort was 
made to record the position of each individual stratum from 
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which fossils were taken and refer eac·h to some point on the li11c 
of tra vcr e. 

One large areal geological nMp of the western piu-t of the 
state hns been constructed on the scale of one incl, to seven and 
one-half miles. Upon this the geographical distribution of the 
scvern l formations involved h1n-e been represented by colors. In 
those places where the conbtct between formations c1tn be defi
nitely determined, the positions of the contact lines, as clrnwn on 
the nutp, arc coned. In the intervening a reas where the <"011-

tact rcln.tions arc obscure or entirelJ concealed, the contact 
lines luwc been drawn from the best evidence obhiinablc. In 
those regions where the pre-Pleistocene formations a rc con
cealed beneath a great thickness of glacial deposit , the smfarc 
geology has been dcsignatccl as P leistocene. Howe,·er , where 
occasiorrnl outcrops of older formations project through the 
drift so a~ to indicate the probable age of the underlying forma
tion, the pre-Pleistocene fonn1ttions have been given the prefer
ence in mapping. 

The area involved in southwestern \Vashington, from thr 
,:;outh flanks of the Ol)1 mpic :\fountains to the Columbia. was 
mapped on a scale of one-half inch to the mile. A belt bordering 
the Olympic Peninsuh~ from Grays H arbor north\\' arcl around 
Cape Flattery and easterly to Port A.ngeles has been mapped 
on a similar scale. .Anot1,cr map lHts been constrnctcd on the 
scale of one inch to the mile, extending west to cast from Kitsap 
County aero s Seattle to the foothill s of the Cascades. Upon 
this have been located all observations taken upon strike and 
dip, as well as contact lines between formations. Tl1c probable 
positions of all anticlines nnd synclines, where they can be de
termined, have been inserted. Where the contacts nrc definite 
they arc r epresented by continuous lines : where only proximate, 
by broken lines. 

Altogether 1tbout twenty months were spent in the field in 
areal mapping. The remaining time at odd intcrvllls has been 
devoted to office work in preparing the maps and report. T he 
writer has been assisted in the field work by M essrs. Charles R . 
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Fettke, Donald Ro . , Olaf Stromme and T. A. Bou er in 1911, 
and by Charles Landes in 1913. 

The collections of fossils have been identified and may be 
found in the P a laeontology collections of the Univel'sity of 
Washington. 

HISTORICAL REVIEW 

T he earlie t record. coucerning the T ertiary fol'mations of 

western W a h:ington are to be found in the reports of the Wilke 
Exploring Expedition, published in the year 1849. Examina
t ions were made of the Tertiary formation along Columbia 

River by J amcs D. Dana. Other members of his party examined 
tl1c mall valleys entering the Columbia from the north side, in
cluding the Cowlitz. R ecords were made of the occurrence of 
T ertiary stnita o.long the shores of P uget Sound and in the 
vicinity of B ellingham. Collections of fossils were made at the 
town of Astoria. These were determined tincl described by 1'. A. 
Conrad, who recognized in them a very close relationship to tl1e 
Miocene faual\S of i\Iaryhmd and Virginitt. 

After the appearance of this repol't very little was written 
conceming the geology or palaeontology of this region until 
1867, when ,v. P. Bla ke publis]1ed scvcrnl a rticles on the coal 
formations of ,v ashington T er l'itory. In 1870 Dr. Robert 
Brown in a paper on the coal fields of tlte north P acific coast 
describes coal depo its a appearing at Clallam Bay, Belling
ham B ay, Cowlitz Valley, I ssaquah, and StiUaguurni,;h Ri ver. 
H e l'egarclcd the e as being of T ertiary age and a lso recogniv.cd 
the existence of Pleistocene lignite scams in the sea-cl iffs of 
Puget Sound. 

From 1870 to 1888 numerous short papers appeared r efer
ring to the geological conditions in the Ca cade ~Iountl'\in. an.cl 
along Columbia Ri ver, but a re confined chiefly to a description 
of the btlsaltic lavas. I n 1888 a report appeared by C. A. ,v1titc 
on the P uget Group of W ashington T erritol'y, which 11·tis in
tended to include the coal bearing formation of King, P ierce 
uud Wlrn.tcom counties. Collections of the brnckish water 
fatma were made from the vicinity of Newcastle nnd C'al'bonado. 
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This formation was thought to hear a close relation to the 
Laramjc, A coJJection of marine invcrtcbl'ate fossils was made 
and reported as occurring· in bluffs along the shores of Du
wamish Vailey. A list of these was given and they were referred 

to the T cjon horizon of the Eocene. 
In 1892, in the Correlation Pi:ipel' on the Eocene and Neo

cene of the United Sbttes, by Wm. B. Clark, W . H . D all and 
G. D . H arris, reference was made to the T ertiary horir.ons of 
western \,V11shington . T he coal bearing horizon of the P uget 
Group was placed in the Eocene. It was suggeste<l howeve1· 
that it might be in part of Cretaceous age. Miocene deposits 
were recognized as the equivalent of those at Astoria. 

In 1906, reports in considerable detail were publ ished by 
Bailey Willi. on the Tertiary coal fields of K ing, P ierce an.cl 
Whatcom counties. D etailed areal geologic mapping wns be
gun and the structme of the formations in part worked out. 
l\lr. Willis recognized the P uget Group ai. of Eocene age hased 
on pnlaeobotanical determinations made by F . H . Knowlton. 
The P uget Group was clcscr ibed us having been deposited un
der estuarine conditions and to possess a thickness of oYer 12,-
000 feet. :Marine ~l iocene deposits were referred to as rest:;,g 
unconformably upon the Eocene. In 1897 a report was pub

lished by J . P . K imball on the physiographic geology of Puget 
Sound Basin . The larger part ~f this paper was dcYotccl to a 
desc r iption of tl,e glacia.l dep osit. ; several localities were refer
reel to where Eocene and ·) l iocene outcrops were examined. I n 
1898 the volcanic rocks upon and arotrncl i\lt. R ainier were de
scribed by George Otis Slllith. 

The older Mesozoic and P alaeozoic rocks of the western 
slope of the northern Cascades were described in a preliminary 
manner by I . C. R ui'iscll. T hese formations arc of interest be
cause they form the bttsement complex npon which the Tertiary 
strata rest. 

In 1901 and 190~ the State Geological Survey of W1tshi11g
ton was organized aucl field work was carried on for two years. 
The coal bearing horizons of the western part of the state were 

" 
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described aucl their approximate areal extent rcpre entcd upon 
a g eolog ical map. T he d istribut ion of all fol'l1uitions in the 
western pa rt of t he sta te as they were known at that tim e were 

shmrn upon t his map. 

A geolog ical recon noissu.ncc a round the coas t of t he Oly mp ic 

p cni11Sula "·as made bJ R a lph Arnold in 190+. The results were 
p ublished in 1906, in which he recognized t he existence of a n 

old series of partJy metamorpho cd . ed imcnt. con titut ing the 
interior of t he Ol_ympic )fountain and the pre cncc of Eocene, 
Oligocene and :\l iocene formation around it. border. The 
Oligocenc-:\.Iioccne t rata were not differentiated anrl were re
ferred to a. the Clallam formation. On the Pacific coast of t he 
Olympic pcni11stila cer tain fossiliferous depo. its were noted on 

the Bog achicl and fart her south at the month of t he Quen.iult 
River. H e reg}trded t hese ~ts of upper ::\Iioccne or Pliocene age. 

1 

In t he same yea r a paper appeared by the same author on 
t he P cctens of t he P acific Coas t, in which seYera l new species 
were described from °"' ashington. R eference Wtl S made t o sev
eral fossilife rous deposits in Cowlitz and Chehali. valleys, as 
well as along the Strnit of Juan de Fuc~L a nd in Puget Sound 
B :!..<. in across from cattle. Later in 1909 Dr. _r\mold published 
a p ap er on the em1irornnent of the T ertiary faunas of the Pa
cific C'oast of the United States, in which the several T ertiary 
horizons of W ashington were correlated with tho e in Oregon 
and California. Eocene, Oligocene, l\ifi ocene and Pliocene forma
tions were 1·ecognized. Li the same year Albert B. R eagan de
scribed the g eologic forma tions in the vicinity of Bogachicl and 
Solecluck rivers and li-ted collection s of fossils made there and 
along the Stmit of Juan de Fuca. A considerable number of 
new sp ecies were placed on r ecord. 

In 1911 a paper published by w: H . Dall on the :Miocene of 
Astoria and Coos Bay described several new species of marine 
inver tebra tes from °"' a hington and a li st of the fo s ils asso
cia ted with them. These records are of great assistance in com
p a ring the faunal zones of , i\Ta hington with those of Oregon. 
D uring 191~ a paper appeared by Charles H. Clapp on the 



The Tertiary Pormations of JI' estern H' ashington 19 

geology of the southern encl -of Yancouve r Island in which the 

geology of the M iocene deposits on the north ;;ho rc of t lw 

Strait of ,Juan cle Furn "-ere described. 

I n 191~ a paper was i;;sued by the wr iter on the T ertiary 

Pnlacontology of \Vestcrn W tlshingtou, in which i \ considerable 

number of ncll" species were described nnd figured. T he geolog

ical hor izons of the Tertia ry, u.s recognized at that t ime, were 
gi,·cn as well as it list of the characteristic fauna. 

In 191~ a paper was issued by Arnold ancl Hannibal on the 

strntigrnphy of the T ertiary fornmtions of the P acific North

west. The forn1ntions of Oregon and W ti.shington were COJTe
lated with one anothcl" ancl a new clas. ification of the T ertiary 

hor izons was set forth. 

BIBLIOGRAPHY. 

In the following lis t of references to the literu.ture concern
ing the geology and palaeontology of western 'Washington only 

those papers have been quoted which h1wc c·ontributecl ::ome di
rect information conceming the Tert iary rocks. Nu111erous pa
pers arc in ex isk ntc II hich refer to the topographical features 
or CC'onomic products of this part of the stntc, but which add 

no fads to 'I'Nti ,try geology prob lem,:. 'l'he fo llowing refer 

ences arc regardecl as important in it historical review of previ

ous literature : 

1845. Wilkes, Charles. Narrative of the United States Ex1lloring Ex· 
peditlon. Vol. 4, Pll. 313. 415, 424 . 

The only note:: referring to westcc rn 1\7 ushington gcology 
nrc the "trap dikes" enconntcrcd on Cowlitz R i,·cr nncl tlw ba

salt ic flowi- on the banks of the C'olumhi a. 

1845. Greenhow, Robert. Geography or Oregon and Washington. 

This work ,lea.ls ch;efl_y with the l1istorical clcvelopment and 

C'Olon izntion of Oregon an(l " 'ashington. A description is g iven 

of the geography of the we. tt-rn part of \Vashington as known 

at that time. 
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l849. Dana, James D. Notes on the geology of Washington Territory. 
Wilkes Exploring Expedition, volume X, pp. 616-623, 626-628, 
658. 

In this report a de cription is given of some of the geological 
featu res of W'ashington which was then a piirt of 01·egon T erri
tory . Basalt was observed as occurring in places alon g both 
sides of Colun1bia Ri vet·. T ertiary ,-ecli mcntaries al'e described 
at Astoria a nd across on the ,v ashington side of the Columbia 

and arc -aid to have a thicknc. s of 1000 to UOO feet. imila r 

strata arc mentioned in Cowlitz R iver valley and along t he 
hol'(~S of Puget Sound. Collections of fossils made by Dana 

have been described nnd figured by T. A. Conrad. )Ir. Conrad' 
conclusions concern in g the :\l iocene age of these faunas may 
well be quoted here: 

"From the i1we. t igntion of the fossils !'revious ly received 
from ;ifr. T own:;cnd, I had arrinxl at the conclusion that they 
were of the geological era of t he ::\Iiocene, and the specimens 
you sent confirm tbe opinion. I do not recogn ize, it is true, any 
recent spec ies of the coast of California or elsewhere, but neither 

· jg there any . hell of the Eocene period, nor has the g roup any 
resemblance to that of the Eocene. On the conb·a ry, the forms 
a re decidedly approximate to those of the ·Miocene period which 
occur in G1reat Britain and the United tates. N ucula dirnri
cata, for instance, closely resembles N. cobboldiae (Sowerby) 
of the English )Iiocene, and Lucina acutilineata can scarcely be 
distinguished from L. contract a (Say), a recent species of the 
Atlantic co.a.st and fossil in t he :\I iocene beds of Virginia. Naticci 
heros, a shell of s imila r range, is quite as nearly related to the 
N. sa.1:ea. A imilar number of species might be obta ined from 
some of the Miocene localities of Maryland or Virginia a.nil yet 
no 1·ece11 t :;p ecies be obser ved among them. In the Eocene, and 
also in the J\1iocenc strata, there arc peculiar forms which ob
tain in Europe and America, and although the species differ, yet 
U11;j are so nearly allied that this character alone, independent 
of the percentage of extinct fot·ms, is q·uite a safe guide to the 
relative 1iges of remote fossiliferous rocks. On this foundation, 
I peak with confidence when I assign the fossils of the Columbia 
River to the era of the Miocene." 
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Gibbs, George. A reconnaissance or the country lying upon Shoalwater 
Bay and Puget Sound; upon tbe geology of the central portion 
of Washington Territory.-Paciflc Railroad Reports. volume l, 
[)!). 466-'186. 

A general reconnaissance report on the geography of tbc 
region . Trachyte rocks arc referred to as occmring about }It. 
R ainier and t. Helens }\nd gravels and sands in the Puget 
Sound region. 

1856. Blake, William P. Review of a 11ortion of the geological ma1> of 
the Unltecl States and British Provinces.-Amer!can Journal of 
Science, second series, volume 22, pp. 383·388. 

R eference is made to the fact that on i\Iarcou's geological 
map of the United Sta.tes the coal fields of P uget Sound arc rep
resented as upper Carboniferous. l\Ir. Blake states that "all 
the cYidcncc that can he produced concerning the age of these 
rlcposits sho,1's thcrn to be T ertiary." 

1857. Newberry. J. S. Coal of Bellingham Bay.-Paclflc .Railroad Re
ports, volume 6, !)art 2, pp. 53-68. 

A section measured in the Bellingham Bay region gave "~WOO 
feet of shales, sandstones and coal of which the coal presents the 
enormous aggregate of 110 feet." The strata of Bellingham 
Bay a re believed to be of :\Iiocene age and closely related to the 
shales of the Colu111hitt 1ll1cl C'oos Bay. Mention is made of the 
occurrence of fo. sit p lants. 

1857. Meek, F. B. On Cretaceous fossils from Vancouver and Sucia 
Islands.-Transactions. Albany Institute, volume 4, pp. 37-39. 

1858. Shumard, B. F. Description of new fossils Crom the Tertiary 
formations of Oregon and Washington territories and the 
c1·etaceous of Vancouver Island. Transactions of the St. Louis 
Academy of Science, volume 1, pp. 120-125. 

1859. Lesquereux, Leo. Stiecies of fossil plants from Bellingham Bay, 
etc.-American Journal of Science. second series, volume 27. 
pp. 360-363. 

This article desc ribes several species of fossil plants collected 
by Dr. John Evans at Nanaimo and at Bellingham Bay. Those 
at the latter place are from the coal measures and a rc regarded 
as of Tertiary age. 
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1859. Heer, Oswald. Fossil plants of Vancouver and Bellingham Bay. 
-American Journal of Science, second series, volume 28. pp. 
85-89. 

Certain species of fo. sil leaves from the T ertiary strata at 

Bellingham Bay have a ,·cry close relationship to s pecies of tbc 
same geological horizon in Europe. 

1861. Meek, F. B. Descriptions of new Cretaceous fossils from Van
couver and Sucia islands.-Proceedings Academy o( Natural 
Science, Philadelphia, volume 13, pp. 314-318. 

1863. Newberry, J. S. Description of fossil plants from Orcas Island, 
Bellingham Bay, etc.-Boston .Journal of Natural History, vol
ume 7, pp. 506-524. 

1867. Blake, William P. Notes on the brown coal formation of Wash
ington Territory and Oregon.-California Academy or Science, 
Proceedings, volume 3, p. 347. 

A brief desc1·iption of the coal measures at B ellingham Bay. 

They arc aid to clip at a n angle of 70° and strike Eust 15° 
Nort.h, and to have a thickne s of about two thousand feet. H e 
reports ten workable coal scams intcrstratificd with six or seven 
heavy beds of sandstones ,md numerous str ttbt of bituminou;i 

shale, slate, ·clay, ironstone, ttnd thin beds of sandstone. Two 

well preserved shells of the genu P ectcn arc said to have been 

collected. R eference is made to the occu 1Tence of coal on the 
banks of the Cowlit:;,. R i,·er. 

1870. Browo. Dr. Robert. Glacial scratches near Bellingham Bay, 
Washington.-American .Journal of Scieuce. volume 50. Jl. 323. 

R eference is mo.de to the p1·csencc of flu ting and grooving 
as cviclcnccs of g lacial a.dion a t Sehome near Rellingham Bay. 

1871. King, Clarence. On the discovery of actual glaciers on the 
mountains of the Pacific slope.-American Journal of Science, 
volume 101, pp. 157-167. 

D escribes the general charnctcr of the glaciers 011 :.\It. Rai

nier ancl states tlmt thCj' arc the principal source of the following 
1·in•1·s, vi:r.., Cowlitz, Xisqually, P11_yallt1p and \\' hitc. 

1876. Meek. F. B. Descriptions and illustrations of fossils from Van
couver and Sucia is lands, and other northwestern locallties.
Bui letin United States Geological Survey, Territories. volume 
2. Pl> 351-374. 



The Tertiary Form{lfions of IT' estern If {1Slii11gto11 ~3 

J 8TO. Brown, Dr. Robert. On the geographical dislributlon ancl physi
cal characteristics of the coal flelds of the ~orth Pacific Coast. 
Transactions Edinburgh Geological Society, volume l, part 3, 
Pt>. 305-325. 

1879. Donald, J. 'l'. Elephant remains or southwestern part of Wash
ington 'rerritory.-Amerlcan Journal of Science, volume 118, 
11. 79. 

1880. Willis. Bailey. Report on the coal fields of Washington 'l'erri
tory.-Tentb Census of the United States. volume XV, pp. 759-
771. 

The coal beining strnta arc described a,; extending up the 
Cowlitz vl\lley into Puget Sound tmd as l'ar as the foothills of 
the Olympic :\fountains lU'Ound the north border to Cape Fhlt
tery. Those of the Puget oun<l region nrc referred to as the 
"Laramie." 

"The coal measures of the Puget Sound basin consist of 
alternating beds of yellow and gray fine-grained sA.ndstoncs 
und very fine gra.v arenaceous shales intcrstratificd "'ith many 
beds of carbonaceous shule and coal: the individual stratn of 
sandstone and shale, from 20 to 200 feet thick, maintain the 
same general character wherever observed, and no well-defined 
horizon has been found which might serve as an index to corre
late the widely-separated expostLrcs. Leaf impressions occur in 
both shales and sandstones associated with unios. 

"'l'he best sections arc those ohtained in the Wilkeson and 
Green R iver fields, and described in detail in their proper con
nection, though even they arc incomplete; of these one gives a 
minimum of 13,fWO feet, with a probi~ble maximum of 14.,500 
feet: a second, still less complete, measures 7,700 feet: and the 
third, on Green River, lies between 6,200 and 8,200 fct't; and 
these sections do not in either case reach the limits of the coal 
measures, as the base of each is an anticlinal axis and the top 
the highest exposure, geologically speaking, beneath the vol
canic flows or drift-beds. Such figures challenge confirmation, 
but they arc the 1·csult of accurate surveys and careful observa
tion, a nd arc only invalidated by the possibility of undiscovered 
faults, of which the sections hilvc yielded no proof under close 
examination. 

"The fossils indicate the maintenance of frc h and brackish 
water conditions through thi long period of deposition, imply
ing that the general rate of this profound subsidence was the 
same as that of accumulation of sed iments." 
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1881. Brockett, L. P. · Our Western Empire.-Sao Francisco, pp. 1189· 
1213. 

The following statement is made concerning the geology of 
'Washington: 

"The shores of the Pacific, the lower valley of the Columbia, 
and the great valley dn-1.ined by Puget Sound, are T ertia ry and 
Quaternary; the islands we. t of the Cana l de H a ro in the Gulf 
of Georgia are Cretaceous ; the vicinity of Bellingham Bay i 
Carboniferou ; the Coat Range is Eozoic; the Cascade Moun
tains to about 47° 40' and the Great Plain of the Columbia 
R iver in central and ca tern Wa. hington, outh of the Spokane 
R iver, are volcanic." 

1888. White, C. A. On the Puget Group of Washington Terri tory.
American Journal of Science, third series, volume 36, pp. 443· 
450. 

Thi s pa.per deals with a collection of fossil molluscn from the 
Puget G roup of \~ra. hington ma<le by P rof. J. . Newberry. 
T he sp ecies a rc of brackisl1 water origin . Two species were 
thought to be dosel_y r elated to the L aramie of the R ockJ 
i\Iountain r egion. Several other genera were not known to oc
cur at any other place in North Ameri ca. 1\Icntion is made of 
t rnta containing I\. Tejon fauna in the Duwamish \·alley. These 

strata were correlated with the upper portion of the Puget 
Gl'Oup. T he strata of the Puget Group were considered to h1w c 
been deposited in estuaries. 

1889. While, C. A. On invertebrate fossils from the Pacific Coast.
United S ta tes Geolog ical Survey, Bulletin No. 51. 

In thi ,; report refe rence is made to a col1ection of fossils 
st1icl to come from "Fossil D luff, Duwamish River." The region 
referred to is probably in the vicinity of D uw/\.mish Station. 
The following is a ]j t of the pecics collected: "C!Jlichnci costnta 
Gabb, Conus hornii Gabb, Luuatia nuciformis Gabb, L eda pro
texta Gabb, Euspira alvea,ta Gabb, Fusus diaboli Gabb, 1'!lr
ritella 1wasana Gabb, Tellina sp." The formation in this par
t icular region was r egarded as the "T cjon portion of the C'hico
T ejon Series." The sedimentarics in Kin g and Pierce countic. 
wer e regarded as of estuarine origin. T he brackish wat er fos-
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si ls occurring in those strata were described. To a certain ex
tent they have a close similarity to the Laramie. There arc 

many forms, however, which have never been observed in the 

Laramie and which arc peculiar to the Puget Group. The term 

"Puget Group" is l1ere applied to this brackish water deposit. 

1891. Clark, Wm. B. Correlation Papers : Eocene.-United S tates 
Geological Survey, Bulletin No. 83, l>P, 100-110. 

Au historical review is given concerning the literature on 

the Puget Group in W ashington . It is suggested that the 

Puget Group may be in part Ci·etaceous and in part Eocene. 

1891. WWte, C. A. Correlation Pa.pers: The Cretaceous. - United 
States Geological Survey, Bulletin No. 82. 

The upper Cretaceous or Chico formatio11 is the coal bearing 
formation on the north of Yancouve1· Island. The same forma

tion is kno,1'11 to appear in the San Juan Islands in the State of 

\,\T ashington. 

1892. Dall, Wm. H. and Harris, G. D. Correlation Papers: Xeocene.
Onited States Geological Survey, Bulletin 84, p. 228. 

At the time tl,is report was written very li ttle was kno1vn 

concerning the occurrence of marine :Miocene cleposits within 
the state. It is stated ( p. 228) "Siliceous casts of molluscan 

fossils have been collected at variou:S points 011 Shoalwate1· Day, 

which show a synchronism of the deposits in which the3r arc 
found with both the Eocene and the )liocenc day shales of 

Astoria . The Astoria bed outcrops at Bruceport and elsewhere. 

A Pliocene deposit has been observed by Dr. C'onclon in this 
vicinity which, from its most characteristic fosi;il may be called 

the i\Iytillus becl. I t furni shed specimens of Bucciniu m cya11em11, 

Mvtillius condoni. Crepidulci, Pecten, and Panopaea; this is 
overlain by a Pleistocene formation, t he level of wl1ich is from 

SO to 40 feet above the sea." On page 271, marine Pliocene is 

referred to as occurring at Shoalwater B ay, S5 feet above sea 
level. The fossils exhibit 11 borcal facics. 
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1893. Corey, T. B. The coal fields of western Washiugton.-Joumal 
Illinois MJnlog Institute, May, 1893, volume 11, No. 1, pp. 14-30. 

This paper describes briefly some of the coal . cams in ,vhat
com, Skagit, King, Pierce and Chehalis counties. A number of 
geologic c.1.·o. s sections a 1·e inserted. 

1893. Diller, J. S. Kotes on palaeontology re[ening to Washington.
Bulletin Geological Society of America, volume 4, p. 217. 

A well presen·ed specimen determined by )fr. Stanton to be 

Baculites was given to l\Ir. Diller by i\lr. W. P. Guye. It i said 
to have come from Snoqualmie River, three mile. below the fall . 

:i\Ir. Diller state : "It show the presence of the Chico at that 
point. The rock i unaltered and lies between the Puget Group 
and the meta.morph ics." ('Enefu l area.I geologic,:il stud ies have 
been made in that region and no strata lrn.,·e been found which 
cottld be assigned to the Cretaceous. It wa::; undoubteclly de
rived as a fragment from tho glacial drift which in that rngion 
heavily veneer the country. 

1894. Diller·, J. S. Tel' tiary revolution in the topography of the Pa
cific Coast.- Eighth Annual Report, United States Geological 
Survey. (Powell), part 2, pp. 401-434, 8 plates, 4 figures. 

1895. Dllle1·, .J. S. A geological reconnaissance in No1thwestern Ore
gon.- United States Geological Survey. 17th Annual Report, 
t>art l, pp. 441-520. 

The paper discussc the geology of northwestern Oregon. 
Notes arc given concerning the geology on the north shore of 
Columbia River acrnss from .Astoria. Reference is made to the 
occurrence of the very lowest Oligocene strata at Knappton on 
the ·w a hington side of Columbia River. The raised beach at 
Ilwaco in Washington is described. A drawing is added to il

lustrate the m1conforn1jty between the older Oligocene and the 
overlying Pleistocene. H e states : 

"At Ilwaco, on the no1·th bank of the Columbia nea r its 
mouth, is an cxpo:surc of which it sketch is shown in figure 8. 
The upturned edges of the Astoria shnles make the mass of the 
hill, and these shales arc unconformably overlain about SO feet 
above sea level by a series of gnwcl, sand, and clay layers 14' 
feet thick. The material in these layers is incoherent and con
tains occasional fresh fragments of shells belonging to species 
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yet living on the coast. Near the middle of the deposit is a dark 
scalll of vegeta] matter, and the character of the stratification 
i such as to indicate that the deposit i,s watcrlaid and not of 
eolian origin. 

' At the base of the hill the u.9tun1ed edges of the shale;; ha vc 
been cut off to ,\n even surface by the waves, and this wa.ve-cut 
terrace extends more than 100 vards toward the ri\'cr. The top 
of the shales, in the hill imm~diately beneath the Pleistocene 
layer is planed off in the same w1iy, and it is evident that when 
this was accomplished. the shale in the hill top was then at the 
sea level and the waves ro!Ied over it as they now roll over the 
lower wave-cut terrace to reach the beach. 

"The Pleistocene capping of the hill was laid down when the 
ancient wave-cut terrace was below the sea level deep enough 
to receive the clcpo it,, we now find there. Since then, of course, 
it has been raised to its present elevation by a gcncrnl, perhaps 
more or less unequal, uplifting of the land along the coast." 

)fr. Dillcr's views concerning the Pleistocene history of 
Northwestern Oregon arc of particular interest insotlluch as it 
must apply in ptnt 1tt Jc,tst to Southwestern Wasbington . Ex
tensive nearly horizontally bedded sands and chiy:, rest uncon
fornrnbly upon older strata up to elevations above 600 feet. 
R emnants of pcneplain arc recognized up to elevations of flOOO 
feet, indicating that all of Northwestern Oregon has been sub
merged µcrimps that amount. A great sound is thought to have 
existed, perhaps similar to Puget Sound. Afterwards the 
region w,is again uplifted to an .elevation sotllcwbat higher tlrnu 
at present. The most 1·cc·cnt movement was a subsidence suffi
cient to partially drown the lower Columbia and Willamette 
river valleys, allowing the tide to extend up a considerable dis
tance above their mouths. 

1896. Gilman, S. C. Olympic country. National Geographic Magazine. 
volume 7, pp. 133-141. 

The paper deals primarily with explorations carried on in 
the Olympics. The general topographic features are described 
and rcf crence is made to the occurrence of sandstones and 
shales in the bluffs at the mouth of Queniult Ri,•cr. A map of 
t he Olympic Peninsula accompanies tltc report. 
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1896. Stanton, Timothy William. Contributions to the Cretaceous 
J)aleontolog~, of the Pacific Coast: the fauna of the Knoxville 
becls.-Uuited States Geological Survey. Bulletin 133. 1?.2 pages. 
20 plates. 

The following r eference is rn a<lc con cerning the occurrence 
of Knoxville strata in the State of W a hington: " The presence 
of Knonillc beds in vVashington is inferred from the occur
rence of boulders contai ning A 1icella cra.Ysicollis near Seattle 
nnd T acoma and ,dso from the fact that Aucella beds arc wcU 

developed 111 British Columbia in1mcdintely north of Wa hjng
ton ." The facts a rc t hat these boulders arc of glacial origin 

and may fotxc been brought d01rn from Briti. h C'olumhia bJ 
glacier . . 
1896. Willi s, Bailey. Geology of the Cascade l\lountains.-.Tohns Hot>· 

l~in s Univers ity Circular, volume 15, p. 90. 

i\fr. vVil]is states : 
" In the Cretaceous period Puget Solrnd and adjacent 

a reas of Washington and Oregon of incletcnninablc extent 
were beneath a sea in which limestone was ti1c principa l 
formation. It is probable that to,ninl the north or nor thcnst 
in northern '?.' ashington and Brit ish Columbia, t here was a low 
land arctt consisting la rgel)r of granitic and metalllorphoscd 
c1·ystalli11 c rocks. There gniduuJIJ cnsuc<l a change by which 
P uget Sound a nd the a rea where the outbern Cascades now cx
tcncl from the 48th pandlel son tlrn·ard tl1rough Oregon became 
an extensi,·c c tuary, in whose waters deposits of sancl and nrnd 
were laid down , and a round whose changing shores there were 
many marshy lagoons in which a rank vegebttion flouri shed. 
The concli tion r,; of estwninc deposition, which perhaps can be 
best exemplified by pointing to our southern Atlantic coa~t, en
dured throughout Eocene and Miocene times, and we know that 
in the Miocene the climate was tropic;tl Md the place of the 
Cascade R ange was a swampy lowland near sea level. T he 
th ickness of sa11dstones, shales, and coal l>cds of t l1c Puget 
Group is 7,000 to 1i,OOO feet or more." 

1897. Dall. W. H. A table of the No1·th American Tertiary horizons 
correlated wi th one another and with those of western Europe, 
wlth annotatious.-U1tited States Geological Survey, 18th An
nual Repor t, Part 2, I)]). 323-34-9. 

In this paper the va rious T er tiary formations on the P acific 
coast a rc briefl y described and corrclRted with one another. H e 
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states concerning the Puget Gronp of "\Vashington: "The con
ditions continued through the Eocene and possibly into :Miocene 
time. If so, the Puget Group niay evcntuaUy be differcntilitcd 
into several members." 

1897. Kimball, James P. Phrsiographic geology of the Puget Sound 
basin.-Amerlcan Geologist, volume 19, pp. 225-237, 304-322, 
11lates 12 and 19. 

L1 this paper numerous outcrops of pre-Pleistocene strn.tii 
occmring at various points in the Puget S01111cl basin n.rc de
scribed . 

1897. Smith, George Otis. Rocl,s or Mounl Rainier.-United States 
Geological Surver. 18th Annua l Report. part 2, pp. 416-423. 

)fr. Smith states : 
"Tlic \"Olcanic rocks of i\Iount R ~iinicr include both lavas 

and pyroclastics. 'l'he breccias, agglomerates, and tuifs, al
though of striking appenr,ince. il.rc, perhaps, less important 
clements in the construction of the composite cone. 

·'The lavas vary much in color and texture, but these mega
scopic differences nre referable rather to the clegree of crystal
lization of the nrn.gnia than to its chcm ica.1 c-harndcr. The 
variation in the chemical composition of the laYas expressc•i-. 
itself in mineralogical diffc1·ence:;, and thus fouT rock types arc 
<listinguisl1cd- hypersthene-a11Clcsite, pyroxenc-andc,-itc, augite
andesite, and basalt. The distribution of these types indicates 
a rndial arrangement of laYa streams, and hypersthcne-·anclcs
itc is the more abundant variety of lava. 

"Granite is exposed on the slopes of R ainier where erosion 
has cut away the overlying lu,·a, a nd it is plain that the volcaniC' 
cone rests upon an elevated platform of older rock, approxi
nrn.tcly 8,000 feet above sea level." 

1897. W!llis. Bailey. Glaciation in tbe Puget Sound region.-Ameri
cau Geologist. volume 19, pp. 1-14-145. 

1897. Willis, Bailey. Stratigrapby and stn1cture of the Puget group.
Bulletin Geological Society of America, volume 9, pp. 2-6. 

Abstract of a paper presented to the Society .-\ ugust 10, 
1897. A description is giYen of the coal bearing formations in 
King and Pierce counties. H e states : "They arc prevailingly 
s1'lndstones of variable composition , tcxtu 1·c and color, t hinly 
interbeddecl, and a typical 11.rkosc consisting of slightly witshed 

I 
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granitic minerals, to siliceous cla_ys. Beds of concentrated 
<1uartz sands or conglomerates ha"c not been obser"cd. (\ir
lio11accous materials arc generally present as fragments of 
plants, as \'egctal ooze in greater or less proportion to the 
other constituents and as distinct coal beds. In color they arc, 
when fresh, genernllJ bluish grny, shading to brownish black. 
They weather to buff tints, which arc usually dull. Most p 1·omi
ncnt among the rocks associated with the Puget Group ,u·c 
eruptives of Tcrtiar_r or later age. They occur as dikes and 
flows in nuious forms of intruded nnd extruded igneous rocks. 
rl'hc mcnsurecl sections of the Puget series exhibit total thick
nes;,e;, of 5,800 feet on Green Ri "er, 5,500 feet on South Prairie 
C'reek, and 5,-1!80 feet in Carbon Ri\"er canyon . None of these 
measures arc complete. In each instance the lowest stnttum is 
of the Eocene outcropping on an anticline and the highe;,t i!
the limit of expositre where the rot·ks pass under luter forma
tion·. The strata of the P i1get Series were deposited upon tht• 
:-.lowly subsiding bottom of the geosyncline between the axes of 
tile present Cascade ancl Olympic ranges. As strntn of sim ilar 
composition and age ttre in"oh·ed in the nmss of the C'ascadc 
R ange, and prob1d1ly also of the Olympics, the uplift of these 
rnount~tins was to a greater or lesser extent ticcomplished after 
the Puget Epoch.'' These• strata lrnxe been folded. Li general 
the axes of the ·e fold;; trend north tind south parallel to the 
axis of the antecedent geosyncline, but there n.rc evidences in 
local structures which show that the forces of compression were 
exerted also n.t right angles to tl1e greater pressure. 

1898. Lawson. Andrew C. 1'ote on the Chehalis sandstone. American 
Geologist, volume 13. pp. 436·437. 

Kotc is made of some fossi l bearing sandstones in the hill at 
Chehalis, \V ashington. The rock "is a snndstone of variable 
c·l111.rncter. For the most part it is soft nnd friable. It is gen
erally clayey and its color "aries from bluish g ray to yellowish, 
according to the stage of oxidation." Fossils collected were de
termined by :\ [r. T. ,v. Stanton as Solen, Leda, Tellina, Venus, 
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Fusus, Dentaliu1n,and others. They Rre of marine origin and 
the strata were consi.de1·ed to be of "Eocene or Miocene age." 

1898. Merriam, J. C. Note on two tertiary faunas from the rocks of 
the southern coast o.r Vancouver Island.-University of Cali
fornia, Bulletin, Dept. of Geology, volume 2, No. 3, pp. 101-108. 

This paper deals with two collections of marine invertebrate 
fossils from the .south coast of Van cou vcr I shmd. One of these 
is from Carmanah Point and the other from the vfcinity of 

Sooke Bay. Altogether twenty-four species were collected at 

Casmanah Point H e states: «The f attn a 0£ the Carman ah 
Point beds seems on the whole to be the same as that of Conrad's 
Astoria l\Iiocepe, excluding, however, the lowi:r portion of the 
latter series, which has been suppo,;ed to be of Eocene age." Of 
the fauna collected at Sookc fif ty-five per cent nre extinct. 
Eight or nine species arc living. He states : "Comparing the 
Sooke fauna with that of well-known T ertiary and post-Tertiary 
hol'ir.ons on the P acific Coast, we find tha.t six or seven of the 
specie arc known from the Miocene and about an equal mun
bcr front the Pliocene, nine species arc fotmd in the Quatern a ry 
and Recent, and seven or eight arc. not known to occtu· clsc
,rherc, ei ther recent or fossil." Dr. :Merriam also says : "The 
evidence at our command indicates that the Sooke beds are of 
middle Ncoccnc age, and that the time of their deposition was 
considerably later than that of the Carmanah Point beds." 

1898. Russell, I. C. A preliminary paper on the Geology of the Cas
cade Mountains in Northern Wasbington.-United States Geo
logical Survey, 20th Annual Report, pt. 2, pp. 83-210. 

This report deals chiefly with the geology of the Cascade 
l\Iottntains prope1·. A series of old metamorphic formations 
consisting of slates and schists of unknown age arc intrndcd by 
granite. The Cretaceous is recognized in the extreme northern 
portion of the Cascade,; and is locally refe rred to as the Sirnil
kameen and '~'intlu-op formations. The T ertiary formations 
which are described are c011fin cd to the eastern side of the Cas
cades. .-_rhey consist of the Swau k, Roslyn, Ellensburg and 
Columbia R iver lava. In late T ertiary times the Cascade Moun
tains wc1·c reduced to a pcncplain. 
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1898. Willis, Bailer. Some coal fields of Puget Sound.-Uniled States 
Geological Survey, Eighteenth Annual Report, part 3. pp. 399-
431>. ])lates 52-68. figures 26-31. 

In thi,, report a detailed dcscri ption of the geology of the 
con.I bcn.riug formittions of Pierce and King counties is presented. 
Special considcrntion is given to the geologic structure. The 
preceding paper which was presented as 1u1 abstrnct covers tl1e 
principal points in this. (1897. Willis, Ba iley. Stratigraphy 
und structure of the Puget gronp.) 

1899. Willis, Bailey, and Smith. George Otis. Tacoma Folio.-United 
States Geological Survey, Geologic Atlas, Folio No. 5•1. 

Thi,, report describes the geology of an area invoh·ing parts 
of King nnd parts of Pierce County. The oldest formation- arc 
of Eocene· n.gc and arc represented by the Puget Group. The 
Puget forlllation in this area is described as consisti ng "of 
intcrbeddecl »nndstuncs, shales, and coal beds aggregating 10,
()00 feet or more in thickness. Sandstones prevail. They nrc of 
variable composition, texture and color, and arc frequently no. s 
st ratified . Their tomposition ranges from a typical a rkose con
sisti ng of slightly washed granitic minernls to siliceous clays. 
The scparn.te heels vary from 11 few inches to more than 100 
feet in thicknc,;s. In general the stnitn. a rc similar llnd arc 
s imilarly interbcddecl from top to bottom. The shales of the 
Puget fonuation arc formed of si li ceous cl,iyey muds containing 
somctiml':. considerable carbonate of iro11 and generally more 
or less carbonaceous matter which varies in character from fine
ly divided organi<· material to large leaves and stems. They ac
<·ordingly rnngc in color from rnthcr light grny and blue to 
black. The lighter tints weather out brown through oxidation 
of the iron. The proportion of coal beds is extrao rdina ry. Care
fully measurer! sections show that the Puget fornrntion ccm
tains more than 1~5 beds. The rnluablc coal i;; found in the 
lower S,000 feet of the formation. The physical history which 
is recorded in the Puget formation is one of persistent but fre
quently interrupted subsidence of the area within whic·h the 
sediments 11·l·re clcpositcd. Throughout these changes. the 

- 2 
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waters a.ppear to have r emained fresh or brackjsh. The fossils 
other than plants arc preva.ilingly unios or other fresh water 

fo1·ms." 
The flortl is known to contain over 100 species, a very large 

1mmber of which are 11ew. The plant remains in the lower beds 
give evidence of 11 tropical clirnatc while tl10se in the upper a rc 
more closely related to those of the present day. 

"The condition of subsidence which characterized the Puget 
Sound Basin during the Eocene p eriod continued into the next, 
the Neoccnc. There is apparently no interruption or change in 
the sedimentary sequence to mark the transition, but plants 

colleckd from the upper part of the Puget formation differ 
from those taken from lower portions, ~nd are of Neoccne types. 

"In the northern Duwamish Yallcy, in the vicinity of Steels, 
is an isolntc<l tirea of bl'Own sandstone containing fossil plants 
which are younger than any collected from t he recognized Puget 
formation, and which may belong to a later epoch of the Neo
ccne pci·iocl. A little farther northwest in the same vicinity 
a rc outcrops of green sand in which occur marine fossils of 
early N eocenc (Miocene ) age." 

1899. Dille r, J. s. Latest volcanic eruption on the Pacific Coast.
Science, new series, volume 9, pp. 639-640. 

Certain evidence is pre!Sented to show that Mt. St. H elens 
and Mt. Baker were in eruption du ring the early part of the 
l 9th century. 

1902. Landes, Henry. Coal deposits of Washington.-Washington 
Geological Sttrvey. volume 1, Annual Repor t for 1901, pp. 257-

281. 

This report describes the coal bearing formations of the 
Puget Sound and Cowlitz Basin regions. The strata were be
lieved to have been deposited under estuarine conditions during 
the Eocene. 

1902. Landes, Henry. An outline of the geology of Wasbington.
Wasbington Geological Survey, volume 1, Annual Report. for 
1901, pp, 11-35. 

In this report the state is divided into five topographic pr°''
inccs. A pt·elimjnary geological map .of the state is inserted, 
showing the areal distribution of fo rmation as known at that 
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t ime. The coal measures of Puget Sound arc l'ccognized as of 
Eocene age. The sedimentaries in Kitsap County arc referred 
to as :i\lioc<.'ne, as well as the belt bordering the outh side of 
the Strait of Juan de Fuca ancl the larger part of southwestern 
\iVashington. 

1902. Landes. Henry, and Ruddy, C. A. Coal deposits or Washington. 
-Washington Geological Survey. volume 2, pp. 167-275. 

A mo1·e deti:i.iled discussion is entered into concerning t he 
coal bearing formations than in the previous rcpol't. The fol
lowing gcnern lizcd statement is made: 

" The coal measures of ~ rashington belong to the cal'ly 
part of the T ertiary period or the Eocene epoch. In only a 
very fc,1· instances has the base of the coal measures been 
found. In the Cofd fiel<ls of VVlrn.tcom and Skagit counties the 
lowest strata of the coal measures lie upon a metamorphic 
rock, a mica schist of unknown age. At the Blue Canyon and 
Cokedale mines the largest coal scams lie but a few inches 01· at 
the most, but it few feet, aboYc the schists. In general in the 
different fields the principal seams of coal lie well toward the 
bottom of the coal series and hence belong to the earlier portion 
of the epoch. In vV ashington, during Eocene ti111e, the shore 
line was ,;orncwhere i11 the vicinity of the castcm borclc1· of 
Puget Sound, and extending soutlnrnt·d beyond the present 
boundt1,ry of the state. The Olympic :i\Ionntains formed a 
large island i1111ncdiatcly off the coast. 'l'he region of the ( 'ns
cade J\Iountains was in general one of low relief. 

In the northern portion of the stute, howew•r, the C'as('n<lcs 
were doubtless of consideniblc height nnd the streams flowing 
from them possessed of great sfrength, as shown by the coarse 
character of the sediments deposited at that time. The hills 
were composed of gran ite rocks as shmm by the character of 
the sediments derived from them. The fossil contents and 
character of the sediments of the coal fields of Roslyn-Clealum 
and those of Whatcom and Skagit counties show that these 
fields represent lake depo ·its. In the case of the Whatcom coal 
tielcl the sed in1enh reach an npproxinuite thickness of ~0,000 
feet and arc made up of n111ssiYe sandstones and coarse con
glomcrn.tcs. In the remaining coal fields as far as known, the 
conl swamps were in estuaries along the shore where brackish 
water conditions prevailed.' 
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1903. Smith, George Otis. Geology and Pbysiograpbr of Central 
Wasbington.-United States Geological Survey. Professional 
Paper No. J9, pp. 1-44 . 

The a rea involved in tlti ;: paper lies in the cast ec11trnl part 
of the Cascade :Moun tftins. The clefornrntion11l n10,·e111cnts arc 

of import an ce bccH.usc of thci r possible influence on the western 
:;idc of t he mountain s. Concerning the g<:ologic history of 

ccn tral "Vashington, it i:s shttccl: 

"The oldest rocks, probably of Palcozoi(' age, furnish a 
1 ecord of edimentation and volcanism, but this record hiu; been 
greatly obscured by the altered condition of these rocks. Thi :,; 
metamorphism in turn tells of the orogcnic movc1nc11ts to which 
the rocks have bcc11 subj ected a nd of the 1tdion of intn,sin· 
mag111as. 

" The great intrusions of pcridotite and grnnodiorite proh
ably belong to the l\Icsozoie, and were events of the first i111-
portance in the history of thi:-i portion of the Cascade Range. 
The period of ernsion subsequent to these intrus.ions was of 
sufficient length to allow these deep-seated bodies to be un
C'Overed a nd deeply dissect ed. 

" From these eroded older rocks was dcr i,·ed the IJllltcrial for 
the Eocene sediment:;, and t he process of sedimentation appe~u·i: 
to have been a rapid one w,i t hin this itrca, since sc,·e rnl t hous
and feet of granitic sands ancl other sediments wc1·e deposited 
in early Eocene time, before uplift again in.u,gurntccl erosive 
activity . T'hen began the fir:st basaltic eruption:-, the fore
runners of the greater volcanism of the l\I iocenc. This ,·olcan ic 
activity was succeeded by the quieter processes of sccli111cntation, 
by which the R oslyn 1,andstone was depo~ited in middl.c Eocene 
t ime. Somewhat later , in an adjacent area, the <lcpo;;ition of 
the Manasta:sh sediments took place, and the Eocene period 
closed with the uplift a nd fo lding of a ll of thc,;e F.occne forma
t ion~. 

"Ero::iion continued well into the l\lioccne within this a rea, but 
ceased \\,1th the beginning of the great er uption of basalt, the 
mi.my flows of which co,·ercd t he greater part of ccnt rnl '1\T ash
ington like a molten sea. Immediately ;sueceeding this epoch 
of volcan ism came the deposition of the Ellensburg formation, 
t hick deposits of stream sn11cls and gravels, brought clown from 
/\ vokan mc a rcn to the west. 
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"Mountain building movements followed this sedimentation 
of the Inter :Miocene, iuid again erosion began to cut 1tway what 
had been uplifted." 

During the Neocene the Tegion 1rns extensively peneplained. 
Concerning its uplift later, he states: 

"The ultimate ckduction i>< that, whatc\'er the rclati\'e prn
portion of 11,ntecedcnt and com;cgucnt character in the chain
age sy tem, the main divide for the greater portion of its length 
in thi;; area neither coincides with nor parnllcls the axes of 111ost 
marked deformation of tlte preexistent surface. The uplift to 
wltic·h the C'asC'ade R ange owes its origin was not simple in type 
but complex, and within this area, nin be rcsoh·ccl into three well 
defined upwarps, which, moreo\'er, 1ire transverse to the mnin 
trend or major nxis of the range considerecl o,·cr the large area 
to the north." 

1905. Arnold, Ralph. Gold placers of the coast of Washington.-Unit!:'d 
States Geological Survey, Bulletin No. 260 J)JI. 154-157. 

C' t•rtain bluffs of Pleistocene sancls and graYcls oc·cuning 
along the ocean :-outh from Cape Flattery contain small nmounts 
of plarc•r gold. These Pleistocene deposits rest upon the up
tn med cdgl'S of the older shales and ~and stones. 

1905. Arnold, Ralph. Coal in Clallam Countr. Washington.-l·nited 
States Geological Survey, Bulletin No. 2GO, pp. 413--121. 

This report dc~cribes t he coal-bearing -:'1Iioce11c formations 
rast of Clallam Bay, Wash ington . )Icntion is made of till' 

Eoc·cnc basalts in the vicinity of P ort Crescent and also of the 
p1·c-Oligocene formations south of Cape Flattery. The Oligo
cme-)lioccne strata occurring along the Stniit of .Juan clc 
Fuci~ Me descrjbed as well as thei r th ickness, compos ition and 
structure. Special mention is made of the coal deposits found 
in these strata. The more impol'tm1t geologic results itre to he 
found in l\lr. Arnold's paper on the Olympic Penin1Sula pub
lishccl the following yettr. 

1905. Diller. J. S. Coal in Washington, near Portland.-United States 
Geological Survey, Bulletin No. 260, pp. 4J1-tl 2. 

Reference is made to the occurrence of cofd on Coal Creek 
111 C'o1ditz County, l~ miles west of Kelso. The coal scam is 6 
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feet to 7 feet thick with two small partings of sand. It is over
lain by soft sandstone. H e states : c.rrhe bed of coal is inter-
tratified with a lot of shales and shaly sandstones well exposed 

alo11g Coal Creek near the mine. The strike of these hcds near 
the mine is nol'thwcst-southcast with a dip of about 15° S. VV. 
Ther e are igneous rocks cutting the coal bearing beds in that 
region and the strata a re faulted locally. Marine shells occur 
in the strata 3 feet above the coal. Among them is the ribbed 
Venericarclia plmiicosta, which is characteristic of the Eocene. 
The coal is essentially of the same age as that farther north in 

Washington." 

1906. Arnold, Ralph. Oeological reconnaissance of the coast of the 
Olympic Peninsula. Was bington.-Geolog ical Society or Amerl· 
ca, Bulletin 17, pp. 451-468, 4 plates, 4 figures. 

'l'his paper contains a description of the topographic and 
physical foatures of the Olympic i\lountuins, as well as the geo
logic formations .ind t heir structure. The following ;;tatemcnt 
is made concerning the geolog ic forma.tions : 

"The formations involved in the geology of the coa;;tal 
region of the Olympic pen insula include serpentine, old diabase 
or greenstone, metamorphosed sandstone and quart?:ite, prob
ably of Jurassic age; 6,000 feet of gray sandstone with minor 
quantities of carbonaceous shales, supposed to represent the 
lower part of the l:>uget group and of Cretaceous age; l ,QOO 
feet of basalt and conglomerate, sandstone and sha le : Q,Q60 
feet of Pliocene conglomerate, clay and g r avel. In addition 
to this the Oligocene-Miocene brcccia contains large quantities 
of angular fragments of hiu-d black slate, indicating lt probable 
,vidcspread formation o-f this type of rock somewhere in the gen
eral regiom. Nothing is known of the age of the slate, except 
that it is pre-Oligocene.'' 

Five recognizable faunas arc described as occuning in the 
Clallam foxm,:i.tion a long the St rnit of Juan de Fuc1:i. : 1st, Low
est clay shale (Oligocene) ; flnd, " above t he clay-shale hori?:011 
is a series of medium bedded to fine massive sandstones in which 
a re found a fauna apparently t ransit iona l from the clay-shales 
to the coa1·se sandstones"; 3rd, a horizon of ·Miocene sandstone 
occuning cast of Clallam Bay; 4th, the fourth fauna is found 
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near the top of the Clallam fonuation in sandstone layers inter
bedded with conglomerates; 5tl1, "The fifth fauna of the Oligo
ccnc-:\l ioccnc is that found at the mouth of the Sckiu R iver in 
beds the cquivnlent of the uppermost strntn of the Cape Flat
tery section." 

The Pliocene is de. cribed as occuning in a synclinal trough 
at the mouth of Queniult R iver. The term Queniult fornrntion 
is applied to these strn.ta. The following statement is mnde 
<'Oncerning the geologic structure : 

"As indicated by the exposu res along the coast, the struc
tural lines in the region from Port Angeles to Gettysburg aver
age approximately parnlle] to the trend of the Olympics, north 
70° west, south 70° cast; those in the Gcttysburg-Clalhtm Bay 
territory almost perpendicular to this, or a little east of north, 
nnd those in the Clallam Bay-Cape Flattery stretch north 30° 
wci;t, i;outh 30° cai;t, or again paraJleJ with the ridges which 
extend along the coast in this region. A syncl ine, \\'ith its 
southern limb resting agai11st the snndstoncs south of Lake 
( 'l·escen t iind its northern one truncated by the waters of the 
stl'nit of Fuca, is the major structural feature of the Port Cres
<'Cnt-Gcttysburg region. From Gettysburg westward to the 
month of the P ysht Ri ver the $tructural features are not pro
nounced, the rocks in general, however, having a westward dip. 
A rather broacl syncline, with its ax is extending in a north
caster]y-southwcstcrly direction, occupies most of the territory 
between the Pysht River and Clallam Bay. This sy11cli11e is 
compl icated in its southeastern portion by sharp local folding 
and some faulting. T he region between Clallam Bay and Cape 
Flattery is formed by a great northeast-dipping monocline, the 
beds of which appear to ha,•e a total thickne;:;s of over 15,000 
feet. 

"South of the Clallam Bay-Cape Flattery monoclinc is the 
western extension of the axis of the Olympic Mountains. The 
structure in the region about this line of disturbance is quite 
complex, but as one goes away from it toward the south the 
structure becomes i;impler. Several determinable folds witl, 
nortlrn·est-southcast axes were noted along the coast between 
the Ozette and Hoh rivers, and in the vicinity of the mouth of 
tl1e Queniult there is n very prominent syncline developed m 
the Pliocene, with its axis parnllel to t}1o~c just mentioned. 
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"A greiit uplift in the Olympic Peninsuht region appeHrs to 
ha\'c taken place at or near the close of the Miocene epoch and 
~till m1other les. er one during the late Pliocene. That orogenic 
movements arc still taking place, 01· have occurred si nce the 
cle))osition of t he Pleistocene, is evidenced by the very gently 
folded a nd tilted clays, sands, ancl grnvcls in t he vic inity of 
P ort ; \ ngcks." 

J90H. Arnold, Ralph. 'l'he Tertiary and Quaternary peclens of Cali
fornia.-Unitecl States Geological Survey, Professional Paper 
No. 47. 

rrhis papc1· consists primarily of descriptions of Pcctcns oc•

cn rring on the Pacific Coat. 'fhc majority of the form. arc 
from California, although seve ral new sp ecie tll'e from the Eo
l'Cnc and :\I ioccnc of \Na ·hjngton. J.i,;ts of other associated 

species occurring with the P ectcns ,ire given. Am~ng the more 

irn portant localities in "Vashington a re Little :Falls, where t hc 
l'~occnc strnta occur, and t he Oligocene-Miocene along the north 

coast of CI a Uam County. 

1906. Smith, Geo. Ot is, and Calkins, Frank C. Description of the Sno
qualmie Quaclrangle.-United States Geological Survey, Geologic 
Atlas, Folio No._ 139, 14 1>ages, 3 maps, 1 columnar section. 

T he area in\'oh·ed in this r epo rt is confined to tlie central 

part of the Cascade R ange. The western portion of the quad

ra11gle is la.rgcly CO\'ered with the K eechclus volcanic series which 
is of import1:tnce because of its probable extension westwl\rd to the 
Puget Sound region. 

1907. Reagan, Albert B. Some geological stud ies of nor thwestern 
Washington ancl adjacent British territon·.-Kansas Academy 
of S cience, 'l'ransactions, volume 20, part 2, pp. 95-121. 

The la r ger part of the area. involved is co\'et·cd with g lacial 

drift. The p re-Glacial sed iments at Bellingham arc mapped a, 
Eocene as tLr e the mctamorphics on Lummi I sland. Basalts a re 
said to outcrop in place just north of the intcnrntioirnl bound

ary line. 

1907. Weaver, Charles E. Notes on the becl-rock geology or the Olym
pic Peninsula.-Mountaineer, pp. 58-64. 

'rhis paper was written from a popular standpoint. It 
records some geologiC'H.l clatfl. collected on a trip up the Elwha. 
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View or Cascade Range, Tal,en F rom Mt. Rainier. Looking S0uU1 Toward Mt. Adams. 
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Basin on the way to :.Ut . Olympus. The central port ion of the 
Olympic R ange is composed of s.lates a nd qua rtzites po ·scssing 
an enormous thickncs and ha ving a genernl t rcncl of Xorth 

60° West. 

1909. Arnold, Ra lph. Environmen t of the Tertiary faunas of the Paci
fic Coast or the United States.-J ourna l of Geology, volume l i . 
No. 6, pp. 509-533. 

The general relation of the T ertia ry on the P acific Coast 

a re discussed, including tha t of v\T ashingtou. H e :-;tate : 

" Immedia tely preceding the Eocene period practically all 

of Washington, all of Oregon, excepting a small area ulong 
the southem bordcl', the Sierra and de ert region, and certain 
portions of the coast al belt of California were dry land." Dur

ing the Eocene continuous oscilfations of the sea floor were t nk
ing place, allowing the deposition of a lternating deposits of 
estuarine and ma1ine origin. In the Oligocene, strata "con
sisting la rgely of sandy to clayey shales and carrying a cha1·
acteristic marine fa una a re found at many localities through
out Puget Sound region . Wherever their r elations arc known 
these bed lie conformably with the Eocene below and, lower 
Miocene above; they therefore mark areas of persistent sub
sidence." 

1909. Arnold, Ralph. :slotes on some rocks from the Sawtooth Range 
of the Olympic Mountains, Washlngton.- American J ournal of 
Science, fourth series, volume 28, pp. 9-14. 

Describes some rock specimens collected from the Olympic 
Mountains west of L ake Cushman. '!'hey a re qua rtzi tes 1md n,;

sociated metamorphics of pre-Tertiary age. 

1909. Da ll , Wllliam Healey. The Miocene of Astoria and Coos Bay, 
Oregon.-Profess ional Paper No. 59, U. S. Geolog ical Survey. 

This paper is primar.ily a description of the T ertiary fauna 
from Coos Bay and Astoria . A number of new specie from 
the T ertiary of Washington are described. The discussion of 
the geological conditions at Astoria is of especial interest as 
the fossils are closely related to simiJar forms in Washington. 
H e states : 
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·'No proper Eocene is exposed n,t Astoria, but the rocks 
may occur below the water level. The Aturia bed, of Oligo
cene age, in which .dtu,ria angustafa. 11'/iopleiona indl£rata, 
1l1arcia oregonen.~i.~, 1'ropll-0syco11 oregone11si.9, und S caplinrca 
devincta appear to be characteristic species, as already ex
pln.ined, is no longer accessible, its outc1·op Laving been close 
to the ,rntcr's edge under the most clcvatccl part of the high 
bluff behind the town, which is strung a.long on a narrow ta.Ju~ 
or built out on piles o,·cr the riYcr, there being hardly any level 
land between the bluffs and the ,rnter. At Smith's Point, \\' est 
of the town, the shales arc very low, the ,·ertical face not cx
cee,ling l!5 feet. TheJ clip i-tbout 16° in a southeasterly din~c
tion and arc composed of thin layers of chiefly bluish-gray 
shale with 1111mc1·011s fractures lined with peroxide of iron which 
develop more numerously as the surface dries, while the iron 
causes the face to weather into 1t brownish color . . Most of the 
layers contain a little sand, but some do not show nny. The 
fluctua tions seclll to succeed each other with a certain regu
larity. 

'·Here nnd there a little gravel is mixed in one of the layers 
and in these graYelly layers arc lllso small f ragmcnts of bi
v~ilvc sl1clls, the most perfcd and numerous being val\'es of 
P eden ( Pscudn 111usi1u11 ) pe<'kl/(/ mi, Gabb, Acila conradi :\leek, 
!lnd frngmc11ts of n species of T erebratalia. 

"At ,some places in the upper la_yers of the shale the clayey 
parts forn1 along a bedding plane lines of concretions, partly 
fossiliferous 1tnd containing most commonly specimens of Ma
comt1 cnlcarn1 in a bad i.tate of prescrnition. 

"Above t he shales at this point is a bed 8 to ~() feet in thick
ness of a yellowish clayey i.and with irregular, mostly rounded 
fragments of a harder i-ancls tone, niaculated with peroxide of 
iron , with n few traces of m1irine fossils, and more or less gravel 
not rcguln.rly bedded and penctrnting into fissures in the sh1dy 
rock bcJow, in the form of clikcs. The beach in this vicinity is 
composed of the pcl1hlcs, nodules, and snuill boulders of the l;arcl 
sandstone washed out of this ln.ycr mixed with a few fragments 
of volcanic tufa. 

"Near Tongue Point, 1tt the other end of the town, two miles 
away, the same bed~ were n•cognized, but the g ravelly layer 
,;ccmecl thicker nnd the i-: hale much broken up. 1.'hc same becls 
appear to compose the bluffs bctwc~D Tongue and Smith's pointi., 
though owing to the wfty tl1e town is built they arc difficult of 
ncce::;s. These bluffs at their highest point, near the high-school 
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bujJding, rise perhaps 1.50 feet. H erc a fine section how 30 
to · -1,() feet of the shales cxposc<l_ at an angle of 40° to 60° , dip
ping about ~6° S. E., though the dip is not invariable. 'The ycl
lowi h sandstone grn"el overlies the shales of an equid thickness 
and descends into them in dikes here and there. The uppet· mttr
gin of the shales is in plaees indistinguishable, the clayey and 
sandy layers merging into each other and being simila r .in color. 

"It is notable that in the upper part of the shales some of 
the shells . cem to have been fo silizcd in sandstone, washed out 
and rcembeddcd in the clays. Between the valves or on one idc 
of 11 single valve of a bivalve shell, there will be a remnant of 
soft coarse andstone, whi le the fo~sil is otherwise embedded in 
a clark waxy clay shale. 

"These sandstones and shales have much . imilarity to :\l io
<·enc deposits occur ring in various localitie along the doast from 
California to Alaska and µart of the fossi ls are of i<lcntical 
·pecies. 

" The A tu ria bed and the superin cumbent Astoria group oc
cu1· on the north bank of the Columbia in a good many place,-, 
itppiirently more elevated thn.n on the Oregon side. 

"From a prelimina1·y e.~amination of :Miocene beds examined 
bJ Ralph Arnold under my instructions at Clal lam Bay, Wash
iugton, it would seem that the species agree more generally with 
those of Astoria; but the difficulty of correlating in the present 
state of our knowle<lge is i11dicated by the fact that no trace of 
Sooke Miocene fauna, profusely developed on the Vancouver 
I sland hore of J una de Fuca Strait ha. yet been found after 
c1Hcfu l search on the opposite coast of V\Ta ·hington." 

1909. Darton, ~elson Horatio. Structural materials in par ts of Ore· 
gon and Washinglon.-Unlted States Geological Survey, Bul
letin No. 387. 

In this report brief descriptions ttre given of those rock!. 
which arc of importance as structural materials. In the vicinity 
of Portland the areal distribution of basalts a rc shown upon a 
topographic map. No age is assigned to them. They may po,;
sibly be Eocene. 

1909. Reagan, Albert B. Some notes ou the Olympic Peninsula, Wash· 
ington.- Kansas Academy of Science, Transactions, volume 22, 
pp. 131-238. 

This paper records the results of some geologic studies along 
the shore of the Strait of Juan de Fuca in Clallam County and 
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irr the ,·alleys of the Bogachicl and Soleduck rivet·s. Collections 
o-f fossils were made at m1merous points trnd from these sever·al 
new species 1ire described. The principal fornrn.tions involved 
nre t he Oligocene-.:\Jiocene and some Pliocene strata outcrop
ping near the mouth of the Bogachiel and Soleduck rivers. 
:Many of the molluscan species in the ·Miocene arc characteris
tic of str11ta of the same age in many parts of western \\'n.sh
i11gton. 

1910. Bretz, J. Harlen. Glacial lakes of Puget Sound.-Journal of Geol· 
ogy, volume 18, No. 5, pp. 448-458. 

This paper deals exclusively with certain pha cs of the 
glacial hi:stor_v of the Puget Sound region. Pre-Pleistocene 
deposits a1·e not discussed. During the Glacial epoch the ice 
field is said to have filJed the Puget Sound region. As it re
treated it left ponded water in front forming 11. large glacial 
lake, which was not drained off until the front of the ice sheet 
had passed north of the junction of Puget Sound nncl Strnit 
of Juan de Fuca. 

1911. Bretz, J. Hal'len. Terminal moraine of the Puget Sound glacier. 
-Journal of Geology, volume 19, No. 2, pp. 161-174. 

This paper deals entirely with Pleistocene deposits of glaciaJ 
origin in the Puget Sound basin. )Icntion is made of bed rock 
formations resting beneath the glacial deposits. 

1911. Smith. E. Eggleston. Coals of the State of Wasbiugton.-Uuited 
States Geological Survey, Bulletin No. 474. 

This paper deals chiefly with the analyses of coals from 
VVashington coal fields. However, record is made of strati
graphic and structural data collected iit those points where 
coal samples were taken. 

1912. Cla()ll, Charles H. Southern Vancouver Islaod.-Geological Sur
vey of Canada, Memoir No. 13. 

The area repor ted upon is entirely outside of the state of 
Washington, but the formations involved arc so closely related, 
both structuralJy and physiographically, that it should be in
cluded. 
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The pre-Cretaceous complex has appitrently had a hi tory 
in common with that of the Olympics. During the Crehtceous, 
parts of the region were submerged, allowing deposition of 
Chico sediments. During the Miocene the southern coast of the 
is land was submerged and the sediments of tl1c Carmannh and 
Sooke for1mttions deposited. During late 1'I iocenc and Pliocene 
the enti re southeastern part of the islancl is bclicn~d to have 

been reduced to a peneplain. Late in the Pliocene or early in 

the Pleistocene the peneplain wa uplifted and maturely iii. -
sectcd and then later somewhat depre. eel, forming the present 
drowned vaUey topography. 

"On the retreat of the earliest and largest glaciers, the land 
stood some ~00 to 400 feet 1owel' than at. present, and on the 
lowlands developed by the pre-Glacial erosion cycle, marinr 
,;edimen ts were deposited, while large rivers flowing from the 
retreating glaciers formed extensive fluviatile and dcltft de
posits. A second peri.od of g laciation is recorded by the till 
overlying these deposits, but it was fa r Jes inten:.c than the 
firs t period, and merely eroded portions of the stratified de
posits. Soon after, oT possibly before the retreat of the later 
glaC'icrs, lln uplift of some 200 to 4100 feet took plttcc, uplifting 
the strntified deposits, whi ch lrn.,·e been submaturely rctrognul
cd during the present marine cycle." 

1912. Evans. George Watl< ln. The coal fie lds of Kiog County.- Wash
i1igton Geological Survey. Bulletin No. 3. 

In the inve;:; tigation of the King County coal fid<ls, detailed 
observations were taken on surface outcrops where,·cr possible. 
This information has been platted upon a niap. The rocks 
ftS exposed in Green River nre of Eocene n.ge ancl Im.Ye been di
vided into three g roups : the Rayne, Frnn klin and Kunm1er. 

1912. Weaver, Charles E. Geology and Ore deposits of the Index Min-
ing District. Wasbington.- Was b!ngton Geological Survey, Bui· 
letin No. 7. 

The arell involved iu this report lies in the western foothills 
of the Cascade 1\Iountains in Snohomish County. The forma
tions a:r&·chicfly pre-T ertiary in age and consist of metamor
phics i;ith1dcd by g ranod iorite;;. They represent, ho"·cver, the 
bnsement com plex upon which the T ertiary of Puget Sound 
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rests. At Index these o]d formations occur at elevations rang
ing from five hundred to five thousand feet above sea level. 

l 912. Weaver, Charles E. Preliminary repor t on the Tertiary Palaeon
tology of western Washlngton.-Washington Geological Survey, 
Bulletin No. 15. 

A preliminary outline is presented of the areal distribu
tion of the pre-Tertiary and T ertiary formations in the west
ern part of the state. The following subdivisions were nrni:le 
of the T ertiary : 
J?lclstocene 

Pl locene--wnntlng 

)Iloccoc... . . . . . . . . • . . . . . Chehalis formation 
{

Upper .... . . . ..•. ....... Montc;,ano formallou 

l..owrr . ... . .... .... • ... J Wohkioknm tormntlon I Blakeley formn tlon. 

Oligocene• ..... .... .. ..... . Liot'Ol n formuUon 

Eo~nc.................. 1 Cowlitl'. [ormnt!oo, I water group 
{

Upper. . . . . . . . . . . / 'l'ejon for mation .. J l~fg~lsh-
Lower ..... ....... Wanting. 

The Cowlitz formation was i-egarded as provisional with the 
lmderstanding that it might represent a part of the Tejon. 
A partial list of the marine fauna was included and eighty-four 
new species of invertebrates were figured and described. 

1913. Arnold, Ralph, and Hannibal, Harold. The marine Tertiary 
Stratigraphy of the Nortl1 Pacific Coast of Amel"ica.-Proceed· 
logs of the American Philosophical Society, volume LTI, No. 
212, pp. 559-605. 

'!'his paper presents the ideas of the authors concerning 
the correlation of the mnrine T ertiary deposits of Oregon and 
Washington and gives a list of the fauna found in each division. 
The fol1owing sb-atigraphic column is submitted for the North 
Pacifi c Coast : 

Age-- Po1·111ation 

.Pl 1 t ) Saonlch cs occnc. · · · · · · · · · · · · · · ····· ·,Vashon Dt·i[t 

Pliocene ... ... ................ . .I ~?i'.1~'i~-~t '!"Ill 
I )forced 

Miocene ....•....... ~- ......... ~ E:mpirc 
( Monterey (Clnllrun) 
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{ 

11,'wln Uil·c•1· 
.\ storia .. . . .... . . ... · ::-l'at1II' 

011goccne . . . . . . . . . . . . . . . . . . . . . . I ::-nn 1.1w,•nio 

sookc 

{

Arll~O 

Eocc•uc . . . . • . . . . . . . . . . . . . . . . . . . 'L'r jon .' Olequn. 
• • • • • • • • • • • • • • • 1 Cllc hull~ 

191;!. Bretz, J. Harlen. Glaciation of lhe Puget Sound Region.- Wash· 
iugtou S ta te Geological Survey, Bulletiu No. 8. 

This paper js confined almost entirely to a discussion of the 
glaciiLl deposits and hi tory of the Puget Sound region. Con
cerning the Pliocene he tates : 

"For thi region the Pliocene was primarily a time of 
diastrophjc movement and cro: ion. The Eocene and :.lioccnc 
beds were domed and folded, the whole area was lifted higher 
than at present, and suhaeri td erosion deve1opcd g reat relief in 
the weak T ertiary rocks aLrea<l:y deposited. " 

The follo wing t hree epochs of P leistocene g laciation a l'e re
corded a· ".Admiral ty (glacial), Puyn.llup (intel'glacia l) and 
Va hon (glacial)." 

Concerning d iastl'ophism during the Pleistocene, he states : 

" T he ]and was high du ring the Pl iocene, p1·esw11ably higher 
than 11.t any subsequent time. At the time of the retrea t of the 
Admiralty ice, however , the reg ion was slightly lower than at 
prcseut: mal'ine organisms in the Admiralty sediments ha,, ing 
been found in situ, a few feet above p resent high tide. Early in 
t he Puyallup interg'lacial epoch, the region was pl'Obably a 
thmwtnd feet higher tht1.11 now. At the maxiniu111 of Vashon 
g laciation outwash g ra vels were pou red westwanl down the 
Chehalis as fa r as the present head of Grays H 1trbor, where 
they now lie S5 feet above tide, with strearn bedding. F'ro111 this 
we may conclude that the land had lowered from its high in ter
glacial poL"tion to one near thitt of the pl'e ent." 

As the Vashon began to ret reat a lake cle,·cloped in front 
to the south. After Vashon retreat opened the Strait of Juan de 
Fucn the wate L"s of the lake were replaced by marine waters. 
From the presence of marine shells at e1cvations as high as ~80 
feet, it is thought that there was a post-glacial sub111ergcnce of 
the Puget Sound reg ion of thnt amount . 

f 
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"When the :mhmcrgcncc was l!ilO feet or more in excess of 
the present, Grnys Harbor and Puget Sound were connected 
by t ide water across the site of Lake Russell's discharge-way 
H~1d the Olympic :Mountains constituted an island." 

After this submcl'gcnce the Puget Souncl region wits re

elevated to approximately its "immediately post-glacial posi

tion." 

19J:}. Collier. A. J. Coal Resources of Cowlitz River Valley, Cowlibi 
and Lewis counties, Washington.- Bulletln ~o. 531, U. S. Geo
logical Survey, tlt. 2, pp. 323-330. 

This paper contains l'esu It of a brief in vrstigation of c·o11.l 

resources of the southern plil"t of the Cowlitz Ri\'el' valley in 

w· ashing ton . H e states : 

"Along Cowlib: River northward front its junction with th<' 
Columbia lies an area of coal land 30 miles long and 1!5 milci
widc. Probably a large part of this lll'Ca is not underlain b_y 
coal, but beds 11sc exposed at so many places in the field that 
all of it is consiclcrcd possible coal l1tnd. This field is probably 
continuous with that about Centralin and ('hehalis, although 
for a few miles south fron1 Chehalis no outcrops of coal hav<' 
been found. T he prc\"ailing roc·ks arc soft sandstonl's, whi<'h 
lie approximately horizontal and whi<'h locally contain beds of 
coal. Fossils of Eocl'nc age arc founo in thr ,:andstoncs. Be
sides the sc<limcntal'J rocks U1cre arc a grenl m1111y bodies of 
igneous rocks, sonic- of which arc known to lie of the samr age 
as the sedimentary beds, whc'rcas others arc of later intrnsion 
or extrusion. For example, n few lltiles north of l'astle Hoc·k 
1\11 old lnnt Aow, O\'Cl'lain hr the later Eo('cnc scdimt•nts, out
crops. Ncn.r Kelso there ar~ sc,·e1·al masses of rock, ll"hich cut 
through the scdilllcntnry formation in the form of dikes, and 
on the cast side tht' coal field is limited by later crupti"r rocks, 
presumably of tht' Miocene series, which formi; a large part of 
the Cascade Mountains farther south . 

"The structure of the ;;edimcntary rocks consists of open 
folds, in which thr dips arc low. Faults do 11ot appear on the 
sul'face, but they have been e11 co11ntcrccl in some mines, <:ausing 
abnnclonmcnt. 'I'he st ructure in this ficl,1 appears to he d<'
cidcdly diffcl'ent froni that about C'hcht.Llis and Centrnlia. In 
that field the coal heels dip as high as 70° , whereas in this field 
the bed~ nowhere clip lllOl'C than 2:3 "' ." 
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1913. Landes, Henry. Notes on Glacier coal fleld.- Pacifi~ Mining 
Journal, volume 2, No. 4. 

This area involved is situated in W hatcom County northeast 

of Bellingham and northwest of "i\It. Baker. Sanclstoncs and 
shales outcrop and within them scams of anthrnci.tc coal arc 
found intcrbeded. 

Throughout the Glacier field the strike of the formations 
is approximatc]_y cast and west with some small local variations. 
The dip of the stnita is almost uni,·crsa11y to the northward, 
thus giving to the fiekl as a whole a monoclinal strncture. The 
persistency of the dip 11orthward is something TCnHirkahlc. 
Not onl_y is it true between D iscovery tunnel an<l Glacier, but 
as far north as Clmrch Mountain, which is located about three 
miles northeast of Glacier, the same northward dip persists. 
How much farther to the northward of Church mountain the 
monoclinal structure co11tinues is tmknown at the present time. 
The angle of dip varies greatly throughout the field. On the 
steep mountain side;; the amount of dip ::;eems to be grcatc1· 
than that in the valleys or where the ;;lopes arc not so prc
ci pitous. It is interesting to note that the slope of the moun
tain und the dip of the formations are in the same direction. It 
is very clear that as 11, result the rocks near the su rface ha vc 
settled for1,ard so that they have a greater apparent angle 
at the surface than they have at a depth below the limit of stn
face influence. 

1914. Lupton. Charles T. Oil and Gas in the western part of the 
Olympic Peninsula. Washinglon.-U. S. Geological Survey, Bui· 

ietiu 581-B, pp. 23-80. 

This paper presents the results of a geological examination 
of the region on the western side of the Olympic P eninsula and 
south of the Cape Flattery }'I.Xis. A record is gi,·cn of numer
ous observations fa.ken on the stri)<cs ftnd dips as well as a 
description of all occurrences of oiI:a;,tgas. 
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1914. Washburn, Chester W. Reconnaissance of the Geology and Oil 
Deposits of Nortbwestel'll Ol'egon.-U. S. Geological Survey. 
Bulletin 590, pp. 1-111. 

In this xeport 11. record is 11111.clc of the occurrences of T cl'ti-
11.ry strata in the coast range<. of northwestern Oregon and also 
along the 11orth horc of Columbia R ive r in P acific County, 

~ rti. hington . The strata outcrnpping along the north shore of 

Columbia River between Meg lcr and Fort Columbia tunnel a re 

described as being of Eocene age on the basis of a partly worn 
hinge of I' enerica:rdia planicosta. 

1915. Dickerson, R. E. Fauna or the Type Tejon: Its Relation to the 
Cowlitz Phase of the Tejon Group of Wasbington.-Proceedings 
of the California Academy of Sciences, Fourth Series, volume 
5, No. 3. pp. 33-98, plates 1-11. 

A list is given of fossil s collected one and one-half miles 
cast of the town of Vader, Lewis County, W ashington, in the 
shales outcropping in the banks of Cowlitz R iver. This fauna 
is regarded as rep resenting the same fauna] facies of the fatma 
of the type T cjon of California, i. e., the R imella simplex Zone. 

1915. Clark, Brnce L. The Occurrence of Oligocene in tbe Contra 
Costa Hills of Middle California.-University of California, 
Pub!. Bull. Geo!., volume 9, pp. 1. 16-21. 

Studies made in the Coast R anges of California, show the 
Agasoma gravidum zone to be unconfor mable beneath the Arcn. 
montereyana zone. Thjs unconformity is believed to be of 1vidc 
extent. T he faunal break between the Oligocene and Miocene 
in Oregon an<l W ashington appears to be as g reat as in Cali
fornia. 

1915. Weaver, C. E . The Possible Occurrence of Oil and Gas Fields 
in Washington.-Transactlons American Institute of Mining 
Engineers, Bulletin No. 103, pp. 1419-1427. 

A short descr iption is given of the fo rmations in the western 
pitrt of the state and the str uctural conditions in thei r relation 
to the possible occurrence of oil and gas. 
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1916. Weaver. C. E:. Tertiary Fauna! Horizons of Western Washing· 
ton.-UniversilY of Washington. Pub!. Geol.. volume 1. No. 1. 
PJJ. 1 ·Gi , plates 1-5. 

The report dest·ribcs ~CYcral new species of T ertiary :\Iol

luscfl. from western W ashington . A list is given of the specie!< 
knonrn to occur in the Eocene, Oligocene, and :Miocene forma

tions of \Vashi_ngton. The T ertiary deposits of the wc:-tcrn 

part of the state arc divided into five diYisions on 1t founal 

basis. The Eocene is represented by the T ejon as known in 

California. T he Oligocene is divided into three founal zones. 

The lower :\{iocenc corre ponds to the Arca montere_yami zone 

and the upper rnuy be the cquirnlent of the Empire fo r mation 

of Oregon. 



CHAPTER l. 

TOPOGRAPHY AN D DRAINAGE. 

GENERAL S'J'ATEMENT. 

The western half of the North American continent, embrac
ing the enti re urea west of the Rocky Mountain di,·idc a<; fat· 

as the Pacific Ocean, i. commonly recognized as divisibl0 into 

five distinct provinces, all of which have a general elongation 
parallel to the we.tern margin of the continent. From ca. t to 
1rest these prorinces arc generally referred to as the Rocky 
1Iounta. in . ystcm; the elcv1ttcd plateaus of the interior; the 
Sierra Nevaclu and C'a;;cade ranges; the structural downfo]d 
involving the great rnllcys of C'alifornia, the Willamette Valley 
of Oregon, the lower Cowlitz Valley and the Puget Souncl Btisin 
of vVushi ngton; and the C'oa;;t R anges of Cttlifornin, Oregon 
and ·washington. 

With the exception of the Rocky Mountain province these 
extend 11orth and south across the state of 11\Tashington. The 
topograph ic features within t he state may be grouped into seven 
divisions: Cascade :Mountains, Oka nogan Highlands, Columbia 
Plateau, Blue i\Iountains, Puget Sound Basin, including the 
lower Cow.lib Valley, Olympic Mountains and the C'oast R anges 
of southwestern Washington. 

'The Cascade Mountains extend from the Oregon line almost 
due north to the Canadia n boundary. The northern portion is 
approximately 100 mi.Jes in width . To the south tlie range 
gradually nanows and in the central part has a width of onlJ 
'75 miles. The crest line from north to south is somewhat sinu
ous in outline due to the differentinl resistance to erosion and 
cl ifference in erosional powet· of streams heading on the eastern 
and western slopei,. Tbe general surface of the Cascades whee 
,·iewed from any of the higher peaks gives the impression of a 
deeply dissected, slightly undulating p lain. The summits of 
the ridges seem to constitute the remnants of a former pcne
plain the surface of which averages 6,000 feet above sea level. 
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Located upon this strongly dissected plateau surface arc 
five high volcanic cones, the remnant~ of fom1er active vol
canoes. Mt. Baker in Whatcom County , attaining an eleva
t ion of 10,750 feet, is situated forty miles west of the mai11 di
,•idc of the Cascades. About 70 miles to the southeast of Jfaker: 
in east ern Snohomish County, i:; Gla cier P ea.k, having an eleva
tion of 10,436 feet, 1111d situated ten 111ile west of the summit 
of t he range. A little distance south of the middle of the Cas
cades, in southeastern P ierce County is l\It. R ainier, the high
est peak within the state, attaining an elevation of H ,408 feet. 
It is situated twelve miles west of the summit of the range. )ft. 
Adams, 12,807 feet high, is located 35 miles north of Columbia 
R iver on the main divide of the Cascades. T hirty miles due 
west of Mt. Adams is M t. St. H elens, with an elcrntion of 9,-
150 feet. T he slopes of the cones a rc the gathering grounds 
of permanent snow fields or glaciers , feeding the s t reams issu
ing from their base, so that they have as a rule been p a rtly cl is
seeted by erosio11. T he topography of the 1101-thcrn portion of 
the range is much more rngged than the southern part. T he 
western slope of the Cascades is a matu rely dissected mass of 
sti·ong relief modified by glacial erosion. At the heads of the 
valleys on both sides of the summit arc glacial amphitheatres 
01· cirques many of which cont»in stmdl a]piue glaciers or rock
rimmed lakes. 

The Okanogan H ighlands are situated in the nort11easte111 
portion of the state and extend from the northern Cascades 
eas terly to Idaho. T hey terminate abruptly on the south along 
Columbia and Spokane rivers and extend on the north across 
the international line into the g reat interior plateaus of B ritish 
Columbia. T hese mountnins are much less rugged than the 
Cascades and rise only to elevations of 6,000 feet or less. 

The Columbia P lateau l ies east of Columbia Hiver a nd 
south of the Okanogan H ighlands. It consist s of severnJ plains 
grading into one another which range in elevation from 500 to 
i ,ooo feet. It is crossed by numerous antidinal ridges and its 
surface is scarred hy several abanrlonecl stream channels. 
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The Olympic Mountains occupy the northwestern portion 
of the state a,nd when Yiewed frorn an elevation suggest an up
lifted nnd deeply iii:. ected peneplain at an in-crnge elevation of 
.5,000 feet. The surface of this plain appeiirs a. an ax ial up

warp with a low angle slope to the southwe. t and no1theast. 
R ising above the surface are 11umerous residual monadnocks 
such as ~It. Olympus, :\It. Angeles, .:i.\It. Eleanor, J\It. Con tance, 

The Brothers and l\lt. Church. These mom1tain. attain eleva
tions up to 8,~50 feet. Volcanic peaks are ab ent from the range. 

The main divide of the range trend from H ood Canal in the area 
between Duckabu h and kokomi h riYer nortlmc. tcrly to Cape 
Flattcrr The main tream rnllcys bear away from the axis 
of t he range to the northeast and , ou th west. The sides of the 
va1lcys arc bold an<l ruggc<l and near their heads arc small al
pine glaciers and 1,now fi eld,-. Bordering the Olympic "Moun
tains on the north and west is a low coastal plain a ,·crllging 600 
feet in elevation and deepl_y CO\"cred with deposits of glacial drift, 
rivet· gn:wcls and sand. '!'his lo\\" plain is ,dso dissected by the 
strca1111, flowing aero s it. The Cflstcrn slope of the mounbtins 
<le1,cend abrnptly to H ood Canal while the southe_n1 side grndual
ly merges into the ]ow lying hi lls of southwestern , ·vashington. 

'l'he Coast R anges of southwestern vVa hington lie between 
Columbia Ri,·er on tlte south ,rnd the Chehalis Valley on the 
north. They extend from the Puget Sound Basin-lower Cow
lib: Yalley depression weste rly to the Ocean. r.rhey arc com
posed of low-lying heavi ly timbered hiJJs attaining a maximum 
elevation of S,000 feet T he ave1·1Lgc clenltion is approximate
ly 500 feet. ".rhe 1.H"e,t involved is about f>,500 square miles. 
The western part of this area. is marked by two irregular sl1nped 
cmbnyments namely, Gray. Harbor and Willapa H a rbor. One 
prominent rnngc of hills with se,·eral IRtcral spur extends 
across this a rea diagonally from 1101-thwcs tern Cowlitz Connt_v, 

through southwestern Lewis Countx, and terminates at '~' illapii 
H arbo r. A second lcs. important one trends from Chehalis 
northweste rly to Grnys Hnrbor, with lateral spurs. 
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In the northeastern portion of this pro,·incc, in rrhurston 

and southeastern Grnys H arbor counties, there is a dome shaped 

group of hills, composed almost entirely of andesitic laviis, 
known as the Blitck Hills. They attain an clcrntion of 2,000 feet 

anrl structu rally constitute a spur trending southeast erly from 

the Ol)'mpic :Mountains. _From the stan<lpoin t of origin it con

nects with the spur of the Cascades between Nisqually m1d Cow
litz rivers. 

The Puget Sound Basin lies between the Oly111pic and <.'a~

<·a<le mountains. It is limited on the north b_r the San ,Juan 

A rchipclago and on the son th by the low di,·ich· between Chelm]i,; 

Hiver m1d Puget Sound. The larger part of this bas in is an 

1mdulati11g gravel surfaced plain, having nn average clc,·n.tion 
of approxi111ately 500 fct•t. '!'his plnin is dissected hy <k·ep and 

partially submerged rnllt•ys clong,tted in a north and south di

rect ion. The eastern s ide of the basin rises g-rncluall)' and 
merges into the west ern foothills of the C'asrnrlcs while the west 

ern border tcr111inatcs abruptly against the Ol_vmpi<' l\Iountain,.,. 

The southern contin uation of thi,; pro,·inC'c is to be found in the 
lo11·er C'owlit:1. \"alley. 

Iu1111cdiately north of the Puget Sound B1tsin there is a 

group of islilllds ll'hich constitutes part of an exten sively eroded, 

glaciated and µarti,Llly s ulm1crgecl mounbtin rnnge ("onnccting 

a spur of the ( \1scades with Yancou ,·t•r I sland. These i-;lands 
arc k11own as the San Juan Archipelago. Th is group, cono;ist

ing of seYcrnl large and nrnny small islands, is about 50 miles 

in length t\nd ~5 mile,; in ll'idth. The islan<ls arc 1,cparnted 
b)' winding marine channel.; of varying depth. The t~u-gc,;t is

lands of the group arc San Juan, Orcas and L opez. ::\It. Con

stitution with an c!C'rntion of fl,400 feet is the highes t peak 
within the g roup. 

The entire clrai1111gc of ''' ushingto11 is ultimately into the 

P acific- Ocean. The ("O~istal 1rnngi11 is drained dire<'t ly to the 

o("ean but other portions of the state arc drained first to sc,·crnl 

trunk channels and through these to the ocean. Three large 
clrainnge areas II re rceognized within the state west of tlic su111-
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mit of the Cascade )fountains : Puget Sound, Columbia Ri,·cr 

and the Pacific Ocean. The largest of these is the Puget Sound 

a1·ea, which includes Hood Canal, Adrnirnlty Inlet, H a ro Strait, 

Rosario Strait and the larger part of the Strni t of Juan de 
Fuca. These embRyments r eceive the entire drainage from the 

western :5 lope of the Cascade ~founta ins north of Cowlitz River 

including that of the Skngit, Stillaguainish, Sky komish, Sno
qualmie, Cedar, Green, White nnd Nisqua Uy t·ivers, tog ether 

with numerous snHtller ones. It also rccei,·cs the drainnge from 
the cast and north slopes of the Olympic· P eninsula. The more 

importaut streams invoh·cd a rc the Skokomish, Hamahama, 

Duck.ibush, Doccwnllips, Quikcne, Dungencss and Elwha rive1·s. 

Nearly all of eastern '\Vashing ton as well as the western 

lope of the Cascade ~fountains south of Cowlitz River is a part 
of the C'olurnbia River dra inag e. The more important streams 

within th is Hrea dr11 i1: i1~g th!) we,;tc, n slope t•f the Cascade 

:\Iounta ins include the ('owlitz, 'l'outle, Kalama, and L ewis 

nvcrs . In addition then • a··c scvc,·al !-ll•tdl !> h c1:~11H, in \l'Cstc rn 
C'owlitz and Wahkiakum co•mtiC's which cha in clircrtly into t he 
lower Columbia River. 

The western border of t he sta te from ( 'ape l:'la ttcry south

ward to t he mouth of Columbia Hi,·er is drnined through numer
ous small streams directly to t he ocean. The n1orc important of 

t hese streams on the Oly mpic P eninsula a rc t he Soleduck, H oh, 

Queet s, and Qucniult rivers. To the Sout h, Grays H a rbor re
ceives the drainage from Chehalis Ri\'er and all it~ numerous 

tributaries including H oquaim, '\~ishka h, ,vynoochec, Satsop, 

Skookumchuck and Ncwaukum rive rs. " ' illapa HMbor and 

Shoahrntcr Bay receive the drain age from the low coasta l hills 
of southwestcm ,vashi11gton. The more important of these 
streams a rc North, N' i\sel ancl Bear ri,·crs. 

The rninfall in the western portion of t he state is cxc·ccding

ly heavy and the amoun t of \1°1:\.tcr ci~rried to the ocean con·es
µondingly g1·cat. :;\Jany of these streams have their sources in 

the high mountainou!:i Meas where they 1uc fed by sma ll glaciers 

or lakes which mark the sites of past glaC'icrs . The upper por-

15719 
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tions of their courses arc d1aractcrizccl by numcroui,; :-11111.II Jat

eral sh-earns many of which cascade down steep slope,; to the 

main streams. In their middle stretches they have reduced their 

rnllcys to a grndc with well dl'fined floodplains in wliich the 

channels shift thci r position fro111 xcar to yea r. In many m
stm1ccs thci1· lower <.'OlU-se,; becu111c sluggish and mc1tndcr, rc

;;u lt ing in the development of alluvial plains and deltas. 

Nun1c1·ous small lakes exist in various pads of we,-tern 

,vashingtun. Thl· nmjorit_y of these owe their origin to some 

phase of glaciation. In the Puget Sound B asin and ~dong the 

north coast of the Oly111pic I'cninsu la the majority of the lakes 

arc associated with nwrnines for111cd during the oecupation of 

the region by ice. A111ong the n1orc important of these nre 

lakes vV asl1i ngton, Samma111111 ish, vV hatcon1 ancl (' res cent to

gether with numerous s111ruler lakes including those on th<' 

gravel prairies south of T1u:0111a. 

In the higher lll(Hllltainous area,; at the heads of the small 

tributaric,- there a rc eo111111011 ly s1111tll rock rimmed lak~·s which 

ot·cnpy cirques or the basins of glacial 1unphithcatres. They 

usually lie in sho rt hanging valleys and the strM111s issuing 

from them cascade to the lllllin st rca111;; below. 

On the wci,;tcrn side of the Oly111pi<· P eni11su la there arc two 
medium sized lakes, na111cly: Queniult and Ozcttc. Lllkc Quen

iult is about n\'C miles long and tlwcc miles wide and lies in the 

valley of Queniult Rrvc1·. Above the lake the ri,·er dcscencls 

rnpidly from the heart of the Olyrnpic·s, while below it meanders 

with a fall of about SOO feet through a <listance of thirty-five 

miles to the ocean. The lake appears to ha,·c hccn formed hy a 

loca l da111111ing of the rivc 1-. 

L1ike Ozcttc, situated in western C'lalla111 County on the west

ern side of the Olympic Pcnin~ula, is aµproxi111atcly eight 111ilci:: 

long and three miles wide. It has an elevation of !50 feet aho\'e 

sea level an<l is drained <lircdl_r to the ocean tl1rough Ozctte 

River. It is situated on the gravel coYercd plain bordering the 

wcgtcrn side of the Olympic "7\fountains and owes its ong111, in 

part at least, to glaC"ial action. 



CHAPTER If. 

PRE-'J'ERTIARY FORMATIONS. 

GENERAL STATEMENT. 

A large portion of the formations exposcrl at the surface in 

W estern 'i\' ashington ii, of Plei:.tocene a.ge and consist of de

posit,; of either glacial or fluYiatile origin. Where the pre
Plei toccne formation s are not covered, they are often ·o badly 
disintegrated nnd weathered that their extent, character, and 

structure cannot be determined. Thc.-c formation may be 
grouped under two broad diYisions. 'rhe older con,- ists of de
posits of P alaeozoic or M esozoic n.ge while the younger belong 
to the T ertiary . In this report, their description will be con
sidered ttnder t he t ll'o broad division s just mention ed . 

It is not .t he object of this paper to deal very extcnsi\'ely 
with the pre-T ertiary format ions. I n the course of field inves
tigations a consiclerablc amount of deta iled information concern
ing their extent, ch,iracter, and structunil relations was ob
tained . lrnsomuch a.s these older rocks fo rm the basc111ent upon 
which the younger formations rest and to i t certain extent ha;\'c 
in fl uenced t heir mode of accu111 ulation, it seems hest to out line 
}l few of thei r 111orc essential clrn.ractcristics. A n old series of 
sediments and volcanic niaterials, which hu ve been nwrc or Jess 
metamorphosed, occur in the 0 1 ympic a ucl Cascade 111ou ntain,; 
and also in t he San Juan Islands. These range over sc,·cral 
periods in age, but for general pu 1·poses of desc ription a.1·e 
g rouped together undc1· the broad term OLD 11rnTAlll01tPHIC 
si,:nrns. Intrusive into these a rc pl.uto11ic l'Ocks, largely of intcr
me<liate chemical composition . T hey arc dc~cribed as the tNDEX 

GH,, xo01011rT:i,:s. On tbc western side of the Olympic :i\lountains 
t i c1·c is an extens ive sel'ies of sandstones, ,;hales and conglom
erates which a re sometimes p a r t ially metamorposed . T he te1·m 
HOH FORllfA'l'tox has been applied to t hese deposits. On the 
north s ide of the San Juan I s lands and in northern Whittcom 
County, tl1c uppc1· C'retaceou. or Chico fol'lrn'ltion is present. 
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OLD METAMORPHIC SERIES. 
(:1-:0(: 1-t.\l'll IC 111 STB !Hl'l'IO:S. 

This series of late ])alacozoic and early :i\lcsozoie age whiC'h 

have been n1orc or less metamorphosed uncloabtcd-l_y underlie 
nearly tdl of the younger formations of western \\'ashington. 

In the southwestern part of the stn.tc and in the Puget ouncl 

Basin they are covei-ed over with later Tertiary strnta. They 

do, however, constitute the surface rocks ia three distinct geo

graphical areas. The largest of these i1wolvcs the western 

slope of the northern Cascades in VVhntco111, Skagit, Snohomish, 
K ing and Pierce counties. To the west, ulmost the entire area 

of the San J llllfi l slunds is composed of these mebtmorphic rocks. 
Tlw central <·ore of the Oly111pic :\Iounbtins forms the third nrcn . 

From the summit of the 11orthcrn C1lScadcs westerly to the 

gnn-el covcrccl plains of the Puget Sound Ilasin arc high moun

tain ridge,s c·omposecl of quart:1.ites, :dates, t=;chists and igneous 

rocks. These hnvc been exnmined only in Limited a1·cas. In the 
,·alley of Skagit River north of its ,junction with the Snuk an: 

exposures of partially metamorphosed sandstones intcrbcddc(l 
11·ith chert, breccias tlnd ~!ates. Along with these arc lenticular 

bodies of crystalline limestone. The general t rend of the strata 
is North 70° West,with a .dip to the southwest, varying from 45° 

to vertical. Similar exposures occur northwnrd along Baker 

River. In the high mounbtinous region between the Skagit and 

the north fork of Stillaguamish River and also south of Dar
rington, simi lar fommtious arc exposed, but showing more iu

tense metamorphism. Farther south, along the sou th fork of 

the Stillaguamish and cast of Granite FaJJs, quartzitcs with 
interbcdcled metamol'phoscd 1·olcanic rocks and slates lll'C ex

posed. Fl'om this region they constitute a belt extending srmth

casterly to~rnrd Gold Bar and aftcl' c rossing Skyko111ish Rive· 
s11·i11g ltround to the cast, past Index ~fountain. In the ,·icinity 

of the town of Index these metamorphic rocks have been de

scribed as the Gunn P eak fornmtion. In this particulat· 1·cgion 
the formation consists of qunrtzites :=;l1owing rnrious stages of 
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rnetumorphi. m nnd interbcdded with thc,;c arc schists, s late ·, 

c ryshdline limestones and chert together with intercala ted 

metamorpho,;cd lu.va fl ows. 

The quarb:itcs as a rule form units of considerable t hick

ness. T hey ,·11.1·y in color ranging from it pure white to a dark 
g ray. Occas ionally they ex hibit well defined banding but more 

co11m1<>nly nrc massive. ln the near ,·icinity of lal'ge masses of 

g rnnitc or dioritc they show the effects of intrus.ive action and 

arc . omctimes twi tcd and gnarled in uch tt way that the 

structure is difficult to determine. In . omc localities they have 

been extensively frachtred and the inter ccting crack or open
ings nrc filled with quartz in the nature of small gash vciw. 

B ccnnsc of the great disturbances whi('h these rocks have 
undergone, it is difficult to estinrntc their original thickness. In 

the area ellst of I ndex ~l detailed examination was 111ade of these 

rocks 11.nd a minimum thickness of at least 10,000 feet 11'11S es

tablisliecl. Three fourth of th is amount is compo:Sed of quartzite 
and t he rcmnindcr is made up of ;. !ates and schi ·t s. 

In Kin g County excellent exposures of the qual'b:itcs and 

sch ists rn n._y be seen in the rnlle.rs of the North, South 1111cl Middle 

forks of Snoqualmie Ri ver. These rocks haYc been extensively 
innuled b.r grnnodiorite magmas and the metamorphic rocks oc

cur largely in the fol'm of residu a l . In many places the origi,rn l 

shaly phases have been converted in to mica . chists. Both the 
quartzite and schists extend northeasterly into the Skykomish 

Quadrang le and may possibly connect wit h the ,;outhem ext en

sion of t he Gunn Peak formation. 

In western Snohomish County mica schist:s nncl quartzites ex
tend from the ('a cnde ]\fountains a nd suddenly <lisnppNtl' be

neath the alluvium of Sk,igit River flats. Kul tus l\Iounta in, as 
well as the . mall rock hills projecting up through the alluvium, 

is composed of these rock types. vVestet·ly they become more 
pron1inent again tind constitute the bulk of Fidalgo Island as well 

as the major portion of the San J uan hlantl g 1·oup. They con

t inue on westerly from the San Juan Islancis into t he central 

core of Y~rncom·er L<lnnd. 



' 
The Tertiary Format ions of W e.ytcrn Jr ashington 65 

OJ.Y)ll'IC )101 ' :-,;'J'AJX:-. 

Quartzites nnd slate~ otcu r in the ('entrnl part of the OJ.,,111-
....._ 

pie :\fountains. Out('rops of these rocks may be seen along tlie 

canyon of Elwha River its well as along the n1ain crest of the 

rnnge leading up to Mount Olyrnpus. Similar exposures occur 

at the headwiitcrs of the (Jucd,, (Jucni 111t ancl Hoh rivers. These 

formations nrny be the equivalent of those occurring in the nor

thern C'asca<lcs or pos'libly younger th~rn these. Future detailed 

studies ,,·ill uc required to determine these points. 

I~DEX GRA~ODIORTTE. 

AHF:AL l)Jl';Tlllflt"'l'IO:'\. 

Tl1c Index granodiorite outcrops typicl\ll.Y near the town of 

Index in Snohomish County about thirty-six 111ilcs Cftst of EvPr

ctt (Plate X). Its c·on tinuation may be trnced northwesterly 

where it is exposed at intervals as far ,is Granite Falls. At the 

latter pince it outc rops in the hills just cast of the town a s well 

as to the north in the canyon of Stillagualllish River. It h~ts 

hccn intruded into an older scric-; of metamorphic 1·oeks whi('h in 

the vic inity of Index have bct•n re ferred to ns the Gunn P eak 

fonuution. In the \'icinity of Granite Falls it is ~ilso i11trnsivc 

into qunl'blites nnd slates whidt arc pn .. "m111ably of the same ngc 

a~ the Gunn P eak formation. I t i,; quite probable th1tt the in

trnsion of these magmas has in part produc·ed mctaniorphi-;111. 

Over a large part of the i11tc rn•11ing country between Index nnd 

Granite Falls <'ros ion has not as yet con1pletcly 1·c:movccl the o,·c1·
lying quartzites so as to expose the grnnodioritc. To the south 

and southwest of Index tlil' granodioritc.,; arc unconfornrnhly 

OYC'l'lain with ft scri c~ of vok1tt1ic lnvas of T ertiary age. 

C' lf .\HA("l'f: lt (II-' Ol ''l'('JlOL•f-. 

The grnnod iorites arc resistant to e rosion an<l forn1 high 

rugged 111ou11fain ridges with great talus slopes fringing their 

i,; idcs. They have been vigorously scou1·ed by g lacial action. 

C'ircpws an<l g laC'ial lakes lmYe been produced a s a res ult in the 

higher elevated portion ,; of the grnnodioritc outC'rops. In the 

-S 
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vicinity of Granite FalJ the e,,po ·urcs do not occur very much 
eleYa ted a bove sea level. In the San Juan I sland small isola ted 
p}ltches of granodiol'ite may be seen intrusive in to the older 
mebunorphics. 'I'hese may possibly be contemporaneous with 

the Index granodiorites. 

J'Ji:'L' HOCJ HA PlllC rmscru l'Tl ()X. 

T he grn.nodiorite , aries much in general appeara nce in dif

ferent parts of the country and is locally referred to by the 

miners a granite. The mo t typical phase of this rock is well 
expo·cd in the Soderberg quarry, about one mile we. t of Index 
in Snohomi h County on the GrNd Northern Railway. The en
t il'e mass is here seen to be uniform in character in contrast to 
the mottled appeara nce which it po scsscs in many other parts 
of the district. Specimens collected from different parts of the 
qua rry show a uniformity in texture, mineral composit ion tmd 
color. riicgascopically t he rock is holocrystalline, medium 
grainc<l, dense, of a light gray colol' and breuks in la rge blocks 
with a slight t endency to a conchoidal fracture. \Vhen care
fully exa mined the hand . pecimens a.re seen to be composed of 
light colored feldspars, hornblen<le, ancl ,•arying amounts of 
biotite and quartz. Occa iona lly small crystal of apatite mi\y 

be seen. A more det a ilccl study of the f eldspar crystal proves 
t hem to be plagioclasc with only a very small amount of ortho
clase. ,vhcn examined microscopically the. c specimens M C found 
t o be con1po. cd of a bout 107<, plagioclasc, 10% orthoclnse, 30% 
hornblende aud biotite and 20% of quart:t., together with oc
casional cry!<tals of apati te and tibrnite. 

( 'O RHlcLA'l 'JO:-. . 

The exact time during which the Index g ranocliorite ,ms in
j ected into the earth's crust cirnnot be ttbsolutcly cletenn inccl. 
If the meta morphic series into which it is intruded is of Ca 1·

boni fe rons or Trias ic age, which appears most probable, it 
certainly must haYe been intruded at some time later t han -the 
Triassic. It i,; overlain unconfonnnbly by 'f crtia ry volcanics. 
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Granodiorites of similar charnctcr occur to the southeast in 
the vicinity of Mt. Stuart and arc found to he intrusin~ into an 
old series of 111ctamorphic rocks of presumably C'arbonifcrou;; or 
Trittssic uge. It is overlain uncon formably by early EoC'ene 
sediments locally known as the Swauk formation. 

Both in the Index and the l\It. Stuart region the granodiorite 
is younger than the metamorphic series and older tJ1an the T<'r
tiary formations. Thus the only possible time for its intru--ion 
was during the Jurnssic or Cretaceous. 

HOH FORMATION. 

t; EQ(; Lt.\ L'l I re 1J[S'1'HJ Ill ''J'JO:,.'. 

Along the western coast of the Olympic peninsula in Jeffer
son and Clallam counties there arc extensive outcrops of sedi
mentary rocks possessing certain characteristics differing ;;omc
what from the other scdin1cnttu·y formations within the state. 

To this assemblage of stmta the gcncrnl tcrn1 H oh fo rma
tion is appl ied. Arctdly these rocks constitute the surface out
crops over a belt approximately 60 miles in length by l 5 miles 
in width uncl t rend ing parallel to the coast. T he northern limit 
of this belt lies on the south side of the divide extending from the 
central poi'lion of the Olympics northwesterly tO\rnrd Cap<' 
F'lq.ttery. It crosses the wagon rond from Clallam to J<'ork,; in 
the vicinity of Bea vcr L ake and t rends northwestcrl.v in a di
rection appro:xin,ately North 50 ° \Vest and i11tcrsccts the ocean 
shore ]inc about two miles south of the Poin t of the ArC'hcs, 01· 
ten miles south of Cape Flu.ttcry. North of this line no out
crops of this formation have been recognized within the st1\te 
of Washington, although i.t is possible tbat they may b,~ repre
sented on Yancouvcr I sland . From the P oint of the Arches 
soutlnl'ard along the ocean, exposures of the Hoh formation arc 
almost continuously present in the bluffs. In the vicinity of 
Quillayute I-liver a small local arct~ of the i\Iontesnno formation 
of Upper Miocene age is found resting upon the H oh formation. 
\Vith this exception the latter continues predomirrn.td_v south
,1·ard to a point three miles below the mouth of Qucets R iver. 
H erc anothe r s1111.dl area of the Mo11tcs1tno formation is found 
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resting upon the Hob, or possibly faulted down into i t. South
ward from Raft River for a distance of three miles the H oh for
mation i exposed along the beach and then to the south is again 
covered with the Miocene formations . . At a point about one and 
one-half miles north of Cape Elizabeth, in the cliff a long the 

ocean, outcrops of the H oh formation arc exposed for a distance 

of about one thou and feet. Apparently here they have been 
brought to the sUl'facc by faulti ng. This fault lrn caused the 
Hoh strata to appear in the outh hank of Que.niu lt River about 
four miles above its mouth in Section 6, Township ~l North, 
Range rn West. South of Queniult Hiver no outcrops are 
known which may be definitely assigned to the Hoh formation 
with a possible exception of some sandstones outcropping at the 
water's edge near the mouth of Copalis R iver . If they arc 
again found to reappear south,rard it rnust be at some point in 
the coast ranges of Oregon. 

The areal extent of the H oh fornrntion easterly into the 
Oly mpic Mou ntains has 11ot been definitely <lctermined. Ex.-
1-iminations have been made of the rock exposnrcs idong the 
Quects, H oh, and Solcduck rive rs for a distnnce of over twenty 
miles from the ocean nnd the only fo rnilltion encountered was 
the H oh. From the close resemblance of certain strata out
C'ropping along the cou rse of Elwha R iver and the headwaters 
of the Queets and Queniult rivers in the vicin ity of )It. Olympus, 
it i J)ossiblc tlittt the Hoh fo rmation extends into the heart of 
the Olympic range. 

CIIAHAL''l'I-J IC 0 1•' OC'l'CHOl'S. 

The most important topogrnphic fci.ittu·e of the western 
side <i tl1c Olympic peni nsula is an uplifted coastH.l plain rang
ing from 15 to 20 miles jn width and t rendi ng from Grays H ar
bor northwesterly to the Cape F lattery axis. This plain ranges 
in elevation from ~50 to 600 feet above sea level. Easterly it 
gradually tises and merges into the Olympic Mountain . To 
the south it becon1es 11. part of the plain bordering Grays Har
bo r. Its surface is un<lulating in character and across it t rC'nd 
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Index Mountain Situated on Western Slope of Cascade .Range. Skykomish River in Foreground. 
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several river valleys such as the Queniult, Queet , Hoh and 
Quillayute. The bed rock or pre-Pleistocene . urface of this 

urea consisting almost entirely of the Hoh formation has been 

unevenly veneered over with sand., clays and gravels of fiuviatile 

·,. origin, all of which a1·e resting approximately horizontal. 

Over a large part of this coastal plain the Pleistocene 

g ravels and sands constitute the surface outcrops. It is only 

where the river. have carved thei r channel through this cov
ering and dow11 into the underlying bedrock, that the strata of 
the Hoh formation nre exposed. Sometime these exposure 
consist of outcrops expo. ed only a few feet above the water'. 
eclge. In other cases they stand a. high, bold blulfs tincl in a 
number of instances form rocky gorges through which· the 
streams flow. '\iVhcrcvcr t_he bed rock ex posures outcrop away 
from the main stream.,,courses they appear to represent promi
nmt topographical rei~tures i)l the nature of monadnoc~ks as re

lated to the Pleistocene gn:ivcls. 

Along the ocean shore line excellent. c..,posu res of the various 
strata co111pos ing the Hoh formation may be seen almo t con
t inuously . Occasionally, however, their upper surface passes 
down below sea level and the overlying Pleistocene sands ancl 
grn,·cls fo rm the ocean bluffs. The cliffs along the ocean, where 
composed of outcrops of the Hoh formation, range from a few 
feet to over three hundred feet above sea level and sometimes 
project out into the ocean as bold headlands so as to be im
passable even at the lowest tides. The character of the out
crnps arc such that excellent expo ures of the Hoh formation 
111a,y be obtained at in tervals over a large part of the western 
portion of the Olympic peninsula. Obse rvations have been r e
corded in the fiel.d wher ever possible. These ob. enations have 
been tied in to a continuous tape fl-nd compass traverse extended 
along the ocean shore lin e and up the more important streams. 
From t hese observations it has been possible to determ ine the 
litholog ic character of the formation and to a certain extent 
the geologic structure which it now assumes. 
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Ll'.l'UOI.OG\'. 

The materials <'omposing the Hoh formation are almost en
ti rely of sedimentary origin although these in places have been 
subjected to slight metamorphism. If the assumption be cor
rect that the quartzitcs and slates comprising the central por

tion of the Olympics also belong to the Hoh formation, the 
series as a whole may be regarded t\S having undergone diffcr
en tial metamorphism. The ]ithologic appearance of 1dl the 
strnt1i ,dong the western border of the peninsula is typical 
throughout the entire area and generally can be easily distin
guished from strata composing any of the formations in west
ern Washington. They consist chiefly of sandstones, shaly 
sandstones, sandy shales, shales and conglomerates. The sand
&tones arc commonly medium to coarse grained with a some
what gritty appearance. T hey arc nearly always firrnly con

solidated and possess a grayish brown color. Generally small 
angular fragments of black slate may be seen in them. These 
sandstone layers arc often six or seven hundred feet thick and 
contain occu.sional lenticular layers of conglomenitc ·. Often 
these massive sandstone belts, in a very short distance along 
their strike, rapidly gn1.de over into conglomcnitcs. Another 
cha.r1teteristic phase of this formation is a bluish gray, coarse 
grained, gritty sandstone which when examined C}lrefully is 
generally found to contain a considerable amount of musco'"ite, 
sometimes in sufficient amount to give the sandstone a somewhat 
banded and scaly appearance. It is generally in thi!< type of 
sandstones that indications of petroleum arc found. This sand
stone sometimes becomes more or less shaly and is often inter
bedded with very narrow bands of dark brown shale. Fpon 
wettthcring such outcrops arc rapidly converte<l into mud banki:
so that the original geologic structu re cannot be dctcr111ined. 
Typical examp les of this may be seen lictwcen the mouth of Hoh 
River and H oh H ead as well as a,t numerous other places north
ward along the shore line. 

Certain sandstones in the Hoh formation have a laminated 
appearance so that they may he easily broken into huge slab::: 
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each of which will average four or five inches in thickness. Good 
examples of this type arc illustrated on Salmon River about two 
n1ilcs south of its junction with the Qucets. 

The shales range from a gra.y to a chocolate brown. They 

arc sometimes massive but often occur in narrow bands altern at
ing with more sandy material. Sometimes sma.11 lenticular 

masses of hard, flinty limestone are intersper cd among the 

. hales. The ·e vary from thl'ee feet to fifteen feet in length 
and weather out in nodular form. A a rnle the shales di in
tegrate much more easily than the andstones and it i in thi. 

phase of the formation that the valleys and gullies have been 
largely ca.rved. Along the beach the coves are almost invariably 
developed in the shaly -pha e of the formation and the higher 
headlands in the sandstone. 

OEOLOOI C: S'l'HliC'1'l: llE. 

Dul'ing the course of fi eld invc tigations observations were 
taken on the str ike and clip at as many point.s itS poss ible. These 
have been platted upon :l\lap A, Plittc IY. The structure has 
been definitely worked out along the co1tst but inland sufficient 
data al'C not at hand to detel'minc the continuittion of the coast 
,-truc:turc. In the vicinity of Forks in Clallam County an an
ticlin1tl axis trends ncal'l.Y south, cro . ing Bogachiel River in 
Section 33, T ownship !1l8 North, R ange 13 \Vest. ( P late X I. ) 
This may continue southward as fo.r as H oh Ri ver and if so 
would cross it in Townsh ip !1l6 North, R ange l i ,,re,t. More 

clcta.i led data mu t be obtained in order to establish thi point. 
A well defined sy ncline trending nearly north and outh crosses 
Dogachiel River in Section !1l3, Townsl1ip !1l8 Nol'th, Range 14 
\7\7 est. This has been traced as far as the Clallan1-J cfferson 
County line, but has not been established farthe r to the south. 
Along the coast from Quects River northward to Point of Arches 
at least eighteen anticlinal and synclinal nxcs exist. With two 
or thl'ce exceptions these po. scss a northeast-southwest strike 
extending diagonally to the coast. In only a fc\Y instances have 
they hcen trncccl more than two mile inland. I n 111any case:; 
they have the appearance of minor warps developed on the limb 
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of a supposed large s ub-marine anticlinal axis ]_ying west of the 

present coast line. On the south side ot Queets River an anti

clinal iuis crosses almon Creek about two miles south of its 

mouth and trends soutl111"cst erly into the Queniult Inclian Reser

n :ttion. A similar axis crosses Quccts river about two miles from 
its mouth. Two miles north of Cape Elizabeth the bluffs com

posed of low-dipping -;\I iocenc sandstone arc suddenly r eplaced 
by dark chocolate colored shales. While no actual contact be

tween the two may be seen, ) ' Ct the sharµ discordance between 

the strike and dip give direct evidence of faulting. About one 

thousand feet north of this fault the shales are replaced by Mio
cene sands tones. Four miles cast of Qucniult River, in the 

southern portion of the big bend, a fault may be det ected whose 

trend is North .J:5 ° Wes t. The intervening area is heavily cov

ered with fluviatil c deposits so that the underlying bed -rock is 
entirely concealed. It is probable, however, that a narrow fault 

block of the Hoh formation has been thrust into the upper :Mio
cene. 

Along the coast between t he mouth of the Hoh River a nd 

H oh H ead excellent exposures of the Hoh form,ttion may be ob
served. (Plate XII) . Hoh H ead itself is composed la rgely of 
massive brown san<lstone. ,.\ t it~ wes tern end a ma ll co,·e has 

been de,·e]oped and a synclinal 1txis trending 11early c1tst and 

west h as folded clown a few hundred feet or overlying shale. B e

cause of the non-resist ance of the shales to erosion a cove has 

been formed a t this point. Imme<fottcly south of Hoh H earl and 
north of the high cong lomerate point just north of the month of 

H oh Ri,·cr a synclina l axis trends North 30" E 1tst. Where this 

axis intersects the coastline a coYc has been developed in an ex
ten~ive i,crics of s.rn<ly 1,ha lcs underlying the massive sand 5tonC' 

of Hoh H ead. F'rorn Hoh H ead northward a long the coast for 

a cfo,tnncc of ten miles an anticlirutl axis appeiirs to lie just off 

the shore beneath tl1c waters of the ocean. It passes inland 

ag a in in Section 1, Town. hip ~'i North, R ange 15 \Vest ancl 

cro. scs QuillaJute River ahout one-half mile east of i1ora. 
Northwa rd from the 111011th of the Q11illa_rute the Hoh forma-



H BuUetin No. 13, lV ashvngton Geological Survey 

t ion js im•olved in several syndines and ant iclines and fina lly 
passes beneath t he E ocene( ?) ba. a lt ic formation exposed at 
Point of Al'ches. The formation is exposed in places along 
D ickey R iver east of Ozette L ake but insufficient da ta have 
been obtained to determin e jts structure. T he eastward con
tinuation of this formation ha been traced into T ownship ~9 
No rth, R ange Hl West, where it is found t o he badly broken and 

·how. the effect of greater metamorphi m. Whether it extends 
en ·tward into the heart of the Olympic ·Mountains from pre. -

cl)l evidence cannot be determined. 

,''J'R.\ 'rIGRAPIIY. 

\ ,Vhercver possible a long t he coa t, detailed stl'atig ra phic 
measurements of the strata in the Hoh forma tion were made. 
In evcl'y case such sections have been tied into t nwen;e surveys. 
A cont inuous traverse was nw from l\Ioclips to Cape Flattery 
a nd t he tation numbers rcfel'red to in the following sections 
a rc poin ts upon that t raverse. There a re insufficient data at 
prese11t to determine in which pal'ticul a r portion of the H oh 
fo rmation each of t hese sections belongs. Inland from the ocean 
shol'e line t he exposures are so limited t hat jt is impo siblc t o 
correlate one with anothcl'. F aultin g has also complicated the 
strnctu rc. 

T he following section r eprc ents partial meastu-cments from 
Station No. 133 at a point nort h of the mouth of Kalo.loch R iver 
to a point at the mou th of Cedar R ivel' : 

'J'op oC Section 

Massive b1·own sandstone .........•.................. 110 
Massive s,iodstonc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l, 0 
Covered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J 20 
Handed sandstone wltb lntcrcnlalccl shale bnncls...... 36 
Jntcrb~ddecl shale and sandstone, sandstone prcdomhrntlng 22 
Coverccl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,fOO 
;\Jn~slvc sandstooc .. .. . . .. . .... . .. . . . .... •........• 200 
Con>red- bttl whcr<' ex11osccl mostly shale . ............ 600 
::u,rnslve sanclstonc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . f10 
Massive sanclslone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :;:! 
Boncled snnclstone . . . • . . . . . . . . . . • . . . . . . . . . . . • . . . . . . 6 
) lnssh1 c sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Banded sandstone . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 2 
)lossive sandstone . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . O 
T:lo.odecl sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r, 
Massive sandstonr . . . . . . . . . . . . . • . . . . . . . . . . . . . . • . . . 7 
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'l'op or Section Feet 

Shnle ....................................•. •.••.. 
~tasslvc ~ilnd~touf' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
t:overcd- p1·ob11bly shalt• . . . . . . . . . . . . . . . . . . . . . . . • . . . 1 :;o 
Sllnlt> . • . . . • • . • . . . • . . . • . . . • . . • • • • • • . . • • • • • . • . • • • . • 1~,o 
)las.sin, snnd~ton,• ....... • ...................... • .. 101, 
Baodc1d snnd~touc, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :! 
)lassh·p snntli;tonl' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 6 
Bnn<kcl s110dstouc .. . .. .. . .. • .. . .. . .. .. .. .. .. .. .. . • . !l 
~las~ive saodstou<' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2:; 
Bnnded snodston(I . . . . . . . . . . . . . . . . . . . . . . . . . .. • . . . . G 
All<'rnnttug l111nds of ~hnlt• nod snnds1otw............. 2-1 
Shnlc . . • . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . .. . :w 
< 'hocolo lt> ,-olorecl Nhnle . . . . . . . . . . . . .. . . . . . . . . . . . . . . . :w 
:\lns,;l\·c snuclston,• . . . . . . . . . . . • . . . . . . . • . . • • . . . • . . . • . :!(1 

Sbnlt>- .\t ~tntlon No. liO........................... :w 
Mostly covt>red- wh<'r<' !'xpo&•d ,1 mnssivr l(l'llY snuclstouc• -100 
l'ovl'red whet·t t•xposcd hnl'tl cooglotuPrllt<' nncl m<'tll· 

morphlc rock- 1,u·gcly dctN·min<'d from stnckK loc·11l1·<l 
ul lntc r,•uls nl ung lhl' con~l. This rPglon mny 1·,•1u·tL 
scnl the true hils<' of thl' r loll rormn11011. 

Bnsc of s,,ctlon 
'l'ot111 ••.••.•....•......•..••......••••.•.•. :fi-11 

The following section wns measured nlong the coast from 
Station No. 360 to No. 407. The base of this section is at 
Station No. ~360. The line along which the section was meas
ured is approximately five miles north of the mouth of Quillayutc 
Hi ver, in southwestern Clallam County. 

Top of Section Pert 
RrO\\' ll 111nssl\•(' RlllldSlOlll' .....•.... , , . . • • • • . • • • • • • • JOO 
:Has$1VC lorownl~h l(l'll>' snndAIOtll' with ROIIII' ('OOl(IOnl· 

e,·nll' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1:;00 
Uray snnrlslonc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 
I ntcrbcdcl<'d groy ;_.mndstonc nod shale. . . . . . . . . . . . . . . . :;oo 
:l!lnd>' sho IC . . • • . . • • . . • . . . . . . . . . . • . . . . . . . . . . . . . . . . llOO 

Bns<' of R<>('I Ion 
' trotol ........... . ....... .. ............... . ... 2700 

co:xnrrrnxs o~· nEPOS1Tro:--. 

The H oh formation was laid dow11 either on the coastal 
m,trgin of the ocean direct or in an extensive cmbnymcnt of 
the oce~tn. The fact that massive conglomerates and coarse
grained gritty snndstones alternate with enormous thicknesses 
of shale suggest oscillittions in the depth of the sen-floor. Oc
casionally fragments of carbonized wood or small lcnticulnr 
scams of lignite occur interbcddccl with grnYcl or conglomcr
~-1.tcs. These conglomel'atcs may rcprcsen t deposits formed 
along former beaches or cvC'n along the lower portions of strMm 
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valleys. A microscopic examination of the hale phases of the 
formation indicate the presence of marine diatoms ancl foram
inifcra. These forms of Jife may have thl'ived in the deeper 

water. . Because of the total absence of marine i1nertcbrate 

fo:s ils other than those just mentioned and the absence of plant 

rc111ains, it is impossible to aniYc at any conclusion concernin g 

climatic condition . 
Jcl)SSILS. 

Although a careful scard1 ha been made fo r foss il Mol
Ju~can remains within the Hoh formation, not a ingle frag

ment ha· a )'et been found. .A portion of a . mall leaf of un
determined species wa. collected from the fir t headland outh 
of R a ft R iver. In t he vici11ity of Hoh H ead brownish colored 
shales outcrop which upon microscop:c examination arc found 
to conta in numcrou remains of diatoms. Nearly all the shale 
exposures which show the presence of diatom r emains pos e. s 
the odor of petroleum. Fragments of shale brought up from 
a depth of seventeen hundred feet in the oil well at F orks con
tain the remains of numerous foraminifern. T hese shales aho 
have a pronounced odor of petrnlcum. 

CORHEl~A'l'IO:"\. 

The e~act age of the Hoh formation is not certain . It is 
certainly older than the 1\fioccnc and apparently older than 
the Eocene ( ?) ba a lts as exposed south of Ca.pc Flatter)' · It 
is less metamorphosed than the older Carboniferous and Tri
assic rncks of the San Juan Island and noTthern Ca cadc . It 
might possibly be of the same age as tho c just mentioned but 
have undergone a lesser degree of metamorphism. A for as 
known no massi ve intrusive rocks occu r within the Olympics. 
If they arc present they arc of minor importa nce. T his fact 
might accotmt for the difference in degree of metamorphi sm 
and still allow them to be of Carboni ferous or T riassic age. 
They do not, however , contain the large li mestone masses that 
arc so commonly associated with those older formations in the 
northern Cascades, San J uan and Yancou ver island . 1~hey do 
not bear any resemblance to thr upper Cretaceous rocks as ex-
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posed along the northeast C'Oast of \' ancouvcr Isliwd. T hey 
arc presumably older. It is quite possible that they mny be 
of Jurassic age. These suggestions arc based entirely upon 
lithologicl\l cvidc11 cc which forms a very inscC"urc basis for C'O r

rclntion. 
CHICO FORMA'l'lON. 

r;r.; x1mAI, Wf.\TE:\IE:-.:T. 

The Crctnccous deposits of the P a C" ific Coas t lmvc b<'rn 
cliviclcd into th rec division:,;. These arc referred to as the Knox
\·illc or lower Cretaceous, the H orsctown or middle C'rctac·eons, 
a nd the Chico or upper C'rctuccous. With the exception of 
the possihle occurrence of the Knoxvi lle in lVhatcom County. 
the Chico formation is the only CretaC"cous dr pos it known with
in the western half of the state. 

C'hi co strn.tn. arc known to occur in the Queen Charlotte 
group, us well l\S on the 11orthcast side of Yancouver Islancl .* 

(:i,:on IL\ 1'111 (.; llJ 8'1'11 111 C'L' I ox. 

In weste rn lVashington strnta of ( 'rcbu:eom, age arc fonnd 
111 the northern portion of the Sun Juan Islands and in the 
northern portion of \\7htttconi County. With the exception of 
these locitlitics, rocks of Cretaceous age arc unknown in west
ern \\7 ~lshington. H owever, they may possibly exist deeply 
buried beneath an enormous O\'Crburden of T ertiary &trnta. 
The upper Cretaceous or C'liico strata as ex po ed in the S,tn 
Juan I slands nrc the southeastern extension of a thick series 
of sedimentary rocks exposed along the 11orthcai,t coast of Yan
couver Island. T hey disappear to the cast in Sucia Island, 
but may possibly ex ist beneath the g lacial covered plnins north 
of Bellingham. 

I n the San J uan group, the Chico formation composes rdl 
of Sucia I slancl, P atos I sland, the extreme northern part of 
Orcns I sland, all of \V uldron Island, Stuart I slnnd and several 
smttllel' unnamed is lands off the north end of San J uan Island 

• Deserlp1lonR o( new Cl'etnceous ro~slls from Voncou,•(•r ond Sucitt lslnnds. 
r,·oc<'Nllll~'><, Acndemy or Xntnl'lll !<(·irnce, P hll ll<lelphln , vol. J:l. llJl. 3)3.314. 
1 01. 
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proper. To tlie nortl11m;t the e outcrnps continue to Satuma, 
~Jayne, P ender, and Galiano is lands on the British side. 

The general character of the outcrops has been hlrgel_v 
dctem1ined from the structure which the strata nssurnc. The 
harder conglomcn1.tcs and sandstones constitute the higher hills 

and mountain s while the nd leys and . ub-marinc channel have 

for the mo t part been developed in the . ofter shale members. 
On Orea. I ·la.nd the softer Cretaccou rock form low hill com
pared with the lrnrdcr mchunorpho. ed formation. just onth 
as rcprc. c11tcd in Tu1·tlc Back Mountain nnd Mt. ('on. titution. 
Suciil I sland is nearly divided by an ca. t-wcst emhnyment 
which has been Cftl'\'ccl into the soft shales leaving the harder 
rock to form the north ancl sou th portions of the island. W al
chon I sland is more nearly ci rctdar un<l owes its gencrar form 
to the resis tent charncter of the conglomcrn.tcs And stindstones 
which so largely compose it. 

I.l' l' I IO LO(;Y. 

The Chico Fornintion as ex posed 111 the San ,Juan Island 
group is com posed of mass i.ve and bedded shales, m1cl extensive 

belts of 11.ltcrnating beds of shales and samls toncs. The series, 
11 a whole, hus not been metamorphosed. The pebbles com
pos ing the conglomcra.tcs have nearly all been derived from the 
underlying iuetau1orphic formations. They arc composed of 
qua.rtzitcs, grnn ite, dioritc al1(1 gabhro gneisses. The pebbles 
range in s ize from that of a marb le to houlders over five feet in 
diameter. Probably from -1, to 6 inches in diameter is the avcrnge 
s ize. T hese conglomcnltc masses resist weathering ancl con
s tit11tc the more imporbrnt topographic features of the fomrn.
tion. lnterbcddcd with these conglomerntes n1·c irregular 
shllpcd hands of grit and sandstone. Commonly the c widen 
out so as to allow the eonglomcrntc belt to develop into n.n 
l\lternnting series of sandstones and conglomerates. Som -
t imes they graclc over into mas. ivc sand -tones which contain 
small cross-bedded lenses of conglomerate 1wd then lmc1, again 
into cong1omernte prope1-. 



The Tertiary Fonnations of Western TV11sliingto11 79 

The sand:;toncs arc most commonly coarse-grained, of a 
light brownish gray color and sometime· i-howing cross-bed
ding. The shales vary from a. light grny to a predominating 
chocolate brow11. They arc often Jistinctly bedded, although 
sometimes massive. On the north side of Orcas I sland they 
alternate as very narrow bands with sandstone. 

No igneous rocks, ei thcr extrusive or i ntrusi vc, ha vc been 
found associated with the Chico formation in the an ,Juan 
I sland group. 

co;-;01•r10;-.s OL~ DEPO!'\l'L'JO)I. 

The Chico formation as represented in the northern pa.rt 
of the San Juan I slands in common with that of the cast roast 
of Vancouver I sland was deposited in an embayment of the 
ocean formed between the main axis of Vancouvct· Island and 
the British Columbia mainland. This arm appears to ha,·c been 
cut off at the south of the Straits of Ros1trio by a mountainous 
mass extending from tlic present s ite of the Cascndcs, through 
the San Juan Island group into Vancouver I sland. The lower 
portion of the foTJnation appears to lrn.vc been forn1ed under 
comparatively shallow water conditions, the middle portion of 
the formation in deeper water, and the upper portion nnder 
shallow water and in part under flll\·iatile conditions. rrhe lat
ter is evidenced Ly the extcrnsivc series of non-:foss ili fc rous in
tcrbcdded conglomerates and sandstones. 

or:or.ocrc s1·nucT1' n1-J. 

The strata involved in the Chico formation in the northern 

portion of the San Juan group in common with those a.long the 
northeast coast of Vancouver Island have been folded into a 
,;cries of northwest to southeast anticlines and synclines. On 
the north :;idc of Orcas Island the strata rest unco11 formubly 
upon the older 111etmnorphic form1ttio11s and dip at un average 
angle of 60° to the northeast. On ,ivaldron I sland the formation 
has been folded back so us to for111 the nose of a syncline. 
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CHAPTER Ill. 

EOCENE FORl\IATIONS. 

GENERAL STATEl\lfENT REGARDING THE TERTIARY 
AS A WHOLE. 

West of the crest line of the Cascade Mountains within the 
shtte there are cxten ivc deposits of T ertiary age. These <le
posits consist of rocks of sedimentary and igneous origi11 . The 
sedimenta l'y materials arc composed of sandstones, shaly sand
stones, shales and conglomerates. The igneous rocks consist of 
lava flows of vary ing t exture, volcanic tuft's, dikes, s ills and in
trusive plutonic rocks. The formations of surface Ol'igin pos
se s a maximum aggregate thickness of over 85,000 feet not 
a ll of which is present in any one particular locality. For the 
most part they arc firmly indurnted but have not been met11-
mol'phoscd. '!'he basement complex upon which they r est is 
composed of quartzites, slates, schists, g neisses ancl \'ario11~ 
t_ypcs of intrusiYC rocks all of which ha,·e been subj ectcd to mol'C 
or less deformation and erosion. Formations of T ertial'y 1tgc 

arc largely absent from the central pol'tion of the Olympic 
Peninsula, the San Juan I slands and portions of the Ca. caclc 
:Mountains. 

The following subdi,•isions of the T ertiary have been mttilc 
within the western portion of t he state upon tt bas is of the 
information obtained in this investigation: 

QU \TPI':\' \HY J Tli nstl'Ophism. Yolcnn i~m. gll1da1lon 011<\ cl'<l~io11. D!'\·clop-
r ~ ' · • • ' ' I n1rn t Of 1 h e- JH'Cfient t ':lsCfld<" Hflllg'l'. 

\ T.·tri;:<'I~· a rccorcl of tlia8t ropllism and erosion. Tgn<"ous 
PLTOCEXE ...... -

1 
aerh•lt~· in rnslrrn \\'a~hl11irton. •r 11~ upp~1· porl ion of the 
)Iontesano fo rmntfQn mn.,· In part hrlong hrrr. 

{

T'p11\'r )lioccn e. )lont<•snno ro ,·mntlon conlnlnh1g Yoldln 
. strtgatn 7.011(.• . 

)[l()("l•'.XI, .... ,,. l n<•on[Or llllly-
1.owi,r )Jloccn<'. Wahklnkum llorizon ,·ontolning .-\ren mon

•~ri·~·anfl 7.0 11 1•. 

{

BLAKEl.ls\" noruzox. Chnrnct<"rl1.rd hy .\<·lln grlt)'fihurg
f•n~Is hon(). 

01 l( '()('l' ' ' J? . l'OH'rER ITORIZOX. Charact<'t'i zrcl hy 1·111Tlte ll n po1·t r r-
-' T .. , ':J • • • • rnr,;ts ZonC". 

l.l:XC'OLX l!OIHZO'.\', ('hn1·art<• l'i1.(•tl hJ• )[ol O()OJ)hOl'Oll~ 
lintoln(·n~i:,; Zoth\ 

J 1 ·mwr Epcl'nc T!'.lon f:oririnlioo. l gn<"ous. <"stunrfn<> marhw 
ls!l('J·:~r-: ........ / and lot·u~l rin<' ph11s~~-

J,0wPr P.9cenP :lftlt·lt,wz rol'llllltion. Wantiuj!'. 
RtlSPOwut ('Ollt ()it'X or PalnP07.0lc llllcl ) i <'S01.0IC l'Ot'ks lnri:<'i)' 

mPt>llllOl'l)llO~,·cl. 
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Deposits containing a fauna representative of the l\lartincz 
epoch or lower Eocene have not as yet been recognized within 
the . tate. It is possible, although not certain, that the Swauk 
format ion of eastern W ashington may in part be the equi\'a
lcnt of the Martinez. Deposits of marine, estuarine and fresh 
water or.igin together with intercalated flows of lava, and tuff 

arc well developed and po ·se. s a maximum thickness of 15,000 

feet. The marine sedimentary phases of these deposit con
tain a rich marine invertebrate fauna characteristic of the 
Tejon epoch or upper Eocene of the Pacific Coast. The lacns

trine or fresh water pha e of the formation is be t developed in 
the central and ea tern portion of the Cascade Mountains. The 
estm.trinc phase occurs in the western foothills of the Cascades 
and in the fo rm of small lenses interbedded with the predomi
nating marine phase of southwestern Washi ngton. The vol
canic pha. e, which consists of lavas ranging in composition 
from basic andesites to acidic basalts, occu rs Lil the form of 
flows of varying thicknesses intercalated with the marine and 
estuari ne sedjments. The. c lavas range in texture from typical 
volcanic ash and flow breccias to microcrysta]linc and glassy 
types . The materials haye in part a.t least escaped to the sur
face through fi ssures and accum ulated both on the land sur
faces as welI as upon the floor of the upper E ocene embaymcnt . 
Faunal and floni l evidences indicate the cx.i tence of a tropical 
to sub-tropical climate during the entire T ejon epoch. 

During the Oligocene epoch marine embaymcnts were much 
more widely extended throughout Washington west of the pre -
ent site of the Ca cades than during the Eocene. The deposits 
formed in these embaymen ts attained a maximum aggregate 
thickuess of 14,000 feet. They are a lmost entirely of marine 
origin and contain abundant and in many cases excellently pre
served im•ertebrate fau nas. Three distinct £annal zones can be 
recognized. r.rhe strata identified by each of these zones arc 
referred to as horizons. The oldest Oligocene within the west
ern portion of the state is identified as the L incoln H orizon and 
contains the 1\Iolopophorous linco]ncn is Zone. T he middle di-
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v1s1on is known as the Portel' H orizon 01· '.fu rritelltl portcrensis 
Zone and the upper division as the B'lakc.:le.v H oriwn or Acil11 
gcttysburgensis Zone. T he materials deposited in the Oligo
cene embayments consist la rgely of shaly san<lstoncs and sandy 
shales together with minol' amounts of conglomerate, sand
stones and shale. Volcanic lavii flows are almost entirely absent 
from the Oligocene format ions with the exception of certain 
a reas north of C'olumbiti River in P acific County. l\Iany of the 
shales and sandstones arc derived from rock of volcanic origin. 
The principal areas where deposits of Oligocene llgc now form 
surface outcrops arc along the north border of the Olympic 
P cn in;;ula, the Puget Sound Basin ,ind southwestern v\T ashing
ton. 

During t lie lower l\Iioccnc the marine cmbaymcnts became 
much more restricted thao during the Oligocene and the de
posits formed arc J1ow found outcropping in the vicinit3· of 
('la llam Bay on the south shore of the Strait 'of Juan de Fuca. 
in the Gl'ays H arbor region and on the not·th side of Columbia 
Ri ver in W ahkialmm County. The maximum thickness in the 
region of Clallam Bay as well as at Grays H arbor is approxi
mately 4,000 feet. The materials are prcdomintl.tingly coarsc
gruinccl . andstoncs, shales and conglomerates. T hey contain a 
fairly abundant fauna which is quite distinct from t he older 
Oligocene faunas as well as the younger upper :Miocene faunas. 
One of the most common and characteristic species occuning 
in this fauna is A rca ·nwntere;tjana Osmont. The fauna occur
ring within these cleposits is refen ed to · as tl ie Arca mon
tel'cyana Zone and the strata containing the fauna as the \.Vah
kiakum H orizon. Future studies may determine that this 

horizon is the equivalent of t he l\Iontercy formation of Cali
fornia. Sufficient evidence is not now avai lable to warrant ;;nch 
it di rert correlation. 

At the close of the lower Miocene the P Rcific Coast was sub
jected to intense clefol'mlltional movements. A large part of 
the formcl' sea flool' was elevated above sen level. Sediments 
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formerly deposited were folded and faulted. The newly elevated 
land areas were attacked by erosional tigencics ana the newly 
derived sediments were during the cour e of upper :Miocene time 
deposited in newly developed embayments. In ,v a hing-ton near

ly all of the we. te rn portion of the tate wa elevated during the 
middle :.\Iiocenc. During the upper Miocene two smo.11 embay
n1cnts were formed. One of these cmbayrne11ts was situatcrl on 

the we tern idc of the Olympic Pcnin. ula near the month of 
Quil1ayute RiYer and the other to the north and cast of Gray 
Harbor. Apparently the land area during the upper 1\lioccnc 
extended much farther to the we. t than at present. The upper 
:\Iiocenc . ediment in we tern Wa hington con ist of andstoncs, 
conglonierntcs, and shales of nw.rine, sha11ow water orig in ttnd 
posse. s a t hickness of ~,000 feet. ?lforinc invcrtcLnitc faunas 
a rc abundant a nd a rc C'losely r elated to t he Empire fauna of 
Oregon a nd t he San P ablo of Ca lifornia . ufficicnt C\·idence is 
not as yet available to wanant making corrclutio11 of tlie upper 
)Iiocene of V\Tashington wi th the Empi1·e or San Pablo forma
t ions. The upper 'Miocene fauna of \Va hington is rcfe1'!'('d t o 
a s t he Yold in strigata Zone from the presence of thi most char
acteristic species. The strata containing this fauna arc termed 
the )Iontesano Horizon. iiontes,.tno forma tion might appro
priately be used . 

.Along the western slopes of the Cascade Mounta ins there 
a rc cxten ·ivc deposits of andesitic la.Yas and interbeddcd tuffs 
a nd clays. The older Eocene deposits pas beneath these lavas 
a long t he western margin of the foothill s of the Cnscudcs. Ex
posu rcs ar c well defined from Enumclaw to Ccdnr Lnke in King 
County and t he name Enumclaw volcanic series is provision
a lly applied to them. They arc at Jcas t two thousand feet in 
thickness in the region studied. They may be the west ern ex
tension of the Kecehelu Volcani c Series which have been mn.ppccl 
in the Snoqualmie Folio by George Otis Smith till(l F. ('. Cal
kins.* 

• Smith, G. O .. nncl Cnlklos, F. C. Sooqunl mle Quadraogl~. l". S. C:~r,1. 
!°lUL' V. Folio 13!l. 1!)06. 
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In eastern K ing County, north of Cedar L ake, there arc 
exposures of granodiorites which arc intrusive iuto a series of 
old metamorphic quarb;itcs, slates and schists. These intrn
sivc rocks may be trnccd easterly to the summit of the Cascade 
)fountains where they have been mapped in the Snoqualmie 
quadrangle as the Snoqualmie Granodioritc and arc rcgar<led 
as being of Pliocene age. In the vicinity of Cedar Lake they 
arc also covered with tbc Enumcfaw andesites. 

No marine deposits of P liocene age l1ave as yet been recog
nized within the state of , l\,r ashington. It is possible that they 
may exist and lie buried beneath a mantle of glacial clrift. It 
is 111ore probable that they were never formed and that the west
ern part of the state as well as the eastern was a land area. 
T he geological record of the Plioce11e in western Washington 
with the exception of the Cascade ~fountains must be sought 
in terms of diastrophism and erosion. 

Ea.rly in the Quaternary or possibly in late Pliocene time 
the wcstel'll coast of North America was again . ubjccted to 
deformational movements which caused for a second time the 
uplift of the Sierra Nevadas and Ca. cades. The present Cas
cade }fountains of \\1,u,hington were developed by a series of 
differential uplifts. T he original peneplaincd surface of the 
present site of the Cascades was warped <luring the uplift and 
the broad features of the drn.inage adj ustcd themselves to the 
structure. Volcanic energies became concentrated at certain 
points beneath the surface of the upli ftcd peneplain and upo11 
it as a base prominent volcanic cones were developed . 

GENERAL STATEMENT OF THE EOCENE. 

No record is avai lable of the geologic hjstory of western 
V\TashiJJgton <luring the early Eocene epoch. T he region was 
prcsumab]_y tt land area not much elevated above sea level. 'l'he 
geological history of VVashington during the npper Eocene: can 
be pitrtial ly interpreted from a fairly complete record us ex
hibited in the surface rock cxpo:rnres . :\farine, estuarine and 
brackish water faunas arc abundan t as well a. land floras. .'\ n 
examination of the marine invertebrate species occurring within 
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the c faunas indicates a very close relationship to the upper 

Eocene of California, in fact o close a. to warrant a direct 

con elation with the T cjon. '£he basement upon which the 

upper Eocene sediments were deposited is in most localities con

cealed. In Skagit, Whatcom and Snohomish counties e tuariM 

deposits arc resting directly upon schi t s and slate. of Palaeo
zoic or Mesozoic age. In the central and ea tern portions of 
the Ca cade Mountains lacnstrine clepo its of Eocene age are 
resting upon extcn ively cro<led peridotite. and granodioritc. 
a well a latcs and quartzites of Mesozoic age. In the . outh
wcstcrn portion of the tatc a well as in the Puget ound 

Ba in the ba:al contact relations cannot be determined a. they 
a rc nowhere exposed at the surface. Du rin g the upper Eocene 
the Cascaclcs as tL range did not exist. The central and south

ern portions of the range within the state were p resumably not 

g reat ly elevated a bove sea level while the northern portion may 
have possessed some re lief. The regions now in volved withjn 

the San Jua n Islands as well as the centrnl portion of t he Olym

pic ?!fountains were a pparently land area. which had been up-

1 liftcd at the close of the Jurassic. Differential oscillations of 
the land areas as well as the sea floor were taking place du ring 

the upper Eocene or T ejon epoch. Coincident with t hese move

ments t he embaymcnts of the ocean were shifting both in area 

and depth. There wa. a consequent d1ange in the environ
mental conditions under which t he marine invertebrate fau na 

was ex isting. A record of these condition. is in pMt p rese rved 
in the characte r and distribution of the fossil faunas as well 
as the li thologic cha racter of the seciimcnts in which t he fliLmH}, 

were buried. On the p re. ent site of the Cascade ::\fountains 

fresh water lakes of considerable size were in exist ence. These 

basins were continuously changing in size and may at time~ 
h1wc hacl d irect or indirect connections with t he e tuarics to 

the west in ccntrnl King, Pie rce and L ewis counties. 

GEOGRAPH[CAL DISTRIBUTION. 

Sm·focc outcrops of upper Eocene age occur in the western 

foothi lls of the Cascades, in the Puget Sound Basin, on the 
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north Banks of the Olympic l\Iountains, on the southeacstern 
portion of Vancouver I sland, in the lower Cowlitz Yallcy and in 
the hiUs of southwestern W ashington. Over considerable por
tions of these areas they arc more OT Jess obs cu red by later la ni · 

or tuffs or by deposits of glacial drift. As a rcsu llt the surface 
exposures of the Eocene formations appear in the form of iso
htcd outcrop;;. I n ·ome cases it is possible to determine defi
nitely that the intervening covered 1ucas arc underlain with 
stn.ita of Eocene age. In other instances thei_r presence is only 
conj cctural. On the maps accompanying this rcvort 1tn effort 
hus been made to represent the distribution of the prcglacial 

formations. Those ureas \11ierc the surface expo urcs are of 
Plci ·toccnc ngc but where there is some evidence to indicate that 
the underlying bedrock formations arc Eocene have been mapped 
as Eocene. Where the contacts between Eocene and other bed
rock formations are covered the probable approximate position 
of tlic contact lines have been jnserted upon the maps. These 
facts should be borne in mind whenevcl' detailed use is made of 
the maps. 

The surface distribution of the marine, estuarine and ba
saltic phases of the Eocene arc also designated upon the maps. 
Urnally they al'e interbcdded wjtb one another but one phase 
predominates over the other. In every case the p1·cclominating 
phase has been mapped. 

Along the north side of the Olympic Pcninsuhi, Eocene ba
sa lts together with interbcddcd tuffs and shales trend from Port 
Discovery Bay westerly to the Point of the Arches south of 
Cape Flattery. Between Port A11geles and Port Crescent n 
tongue like mass extends northerly to the Strait of ,) uan de 
Fuca. This belt of lava rests upon the older Mesozoic sccli
mcntaric of the Olympic mountains and in turn forms the base
ment for the overlying marine Oligocene deposits. 

The basalt ju. t described extend southerly around the cast 
anrl south flanks of the Olympic· mountains and arc also ex posed 
in t he Bald Hills of ccntrnl Kitsap County in the Puget Sound 
Basin. If all the overlying deposits of glacial cl rift were re-
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moved exposures of basalt would presumably occupy the entire 

southern portion of the Puget Sound Ilasin from the 01),mpic 

mountains to the west ern margin of the Cu. cadc. . Outc rop of 

oasa1tic lava and intcrbcdded sand tones and . hale. occur in 
the hills . outh and outheast of Seattle in King and Pierce 

countie . Similar deposits are pre ent iu Thur ton, Lewi and 
Cowlitz countie . In Pacific, Wahkiakum and Gray Harbor 

counties exten ivc expo ure occur intimate1y as ociated "-ith 
younger marine deposits of Oligocene, lower i\Iiocene and upper 
Miocene age. 

In the foothills of the Ca cades in western Skagit and. What

com counties there arc small 1ocal depo its of sand tones and 
shales of probable ]acn trine origin formed contemporaneously 

with the estua rine and marine deposits farther south. 

The southeaste rn portion of \' ancouvcr I sland from A lbcrt 

H ead westerly to Sa 111brio R ive r is composed of Eocene basalts 
and basaltic tulfs . Inte rbe(ldccl with the tulfs ,u c shal e. con

taining t_vpicn.1 marine fossil i1wcrtcbrntcs. 

LITHOLOGY. 

The Eocene scdin1entary rocks cons ist of medium to coarse 
grnine<l sands tones, thinly bedded and massive shales, alterna t

ing thinly bedded shales a nrl sandstones, sanely sha les, hal_v 
sandston es, carbonaceous shales and coa l scams. The coar~c 

g rnincd sandston es are often arkos ic in composition and show 

no well defined bedding planes. Occa ionally they exhibit c ross 
bedding and contain fragments of carbonized wood . ,\1hcn ex

amined mic roscopically they nrc found to he composed of s n11dl 

rounded g rains of quiu·tz together wi t h ang ular and rounded 
g ra ins of badly a ltered fcldspM and frag n1cnts of biot itc and 

hornblende. T he cementing ma terial cons ist s of silica. :i nd iron 

oxicle. Tlic sandstones when fresh possess n gray color hut 
where exposed to weathering range from brownish g ray t o 
brownish yellow. 

The shales range from a. fine grained fissile condition to a 

thinly heckled and lamina ted condition. Othe r va rieties a rc mas-
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sin: anrl show no indications of stratification. rrhcy break 11· ith 
it <listinct conchoidal fractme. Still other varieties arc car

bonaceous and gni<lc from that condi t ion t() an impure s haly 

lignite. Very commonly the shales arc sandy and pass to a c,011-

ditiou where they would be classed as a shid.v sandstone. The 
shale· range in color fro1n a light gray to a dnrk chocolliltC. 

Certain of the shales upon microscopic exnmination arc found 
to be composed of fine volcanic products. Some of the coarser 

sandstones i:i. rc composed of reworkcc-1 volcanic tu Ifs. 

Commonly the lan1s arc composed of flow brcceias intermixed 

with coarse pumic-c and ash. The:sc have been subj ected to the 

action of running water il.t the time of depc>sition. EA·tencling 
upward from the cont.act, the sorting action of ll'ate1· becomes 

more pronounced. Illu trations of this phase of deposit 111a.y be 

seen in the s111all rock outliers south of Seattle ut Dmrnmish 

Station. They were probably formed du ring an CJ>och of vol
canic ttcti\'ity in close J)roximity to a region wltcrc strc!l.111:; were 

emptying into a 111a rine cmbayment as marine fossils arc often 
M;sociatcd with deposits only a short oistancc awuy. 

Tlte thickness of these several phases varies from place to 
place. Sandstone belts exist having u thickness of nearly 1,-

000 feet. TheJ'c are numerous belts ranging in tbickucss from 

~5 to 300 feet. These belts vMy in thickncs · as well as litl10-
logic con1position when traced along their strike. Extcnsil'c 

helts composed of alternating layers of sh11 le nm! sandstone of 
varying t)iickncss are ,·cry chn l'tl.cteristic and make up n r011 -

sidernble portion of tlic upper Eocene deposits . 
.,-\mlesitic lavas and tuJfs in cerh1,_in areas constitute a large 

part of the Eocene of wastern \Vashington. Exposures lllfty be 

seen along Columbia Hivcr, C'owlit1. Rive1·, in the Puget Souncl 
Basin and along the north fla11ks of the Olympic :;\fountains. 

In nNtrly all instances they arc intcrhecklcd with the nw.rinc or 

e;;tmirinc sediments. In many places they might be mistaken fo1· 
lio11•s of Pliocene or Pleistocene nge hut areal mapping tends to 

:.how that marine Eocene ·trabt lie either u.bo1·c them or inter

bedded with them. Tlic :.hales below them ~ue rnunnon ly ha keel 
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near the contact. Occasionally the sedimcnta.ry rock above and 
below certain flows show the action of heat. Such belts of ancles
ite wese pre. umably intruded in the form of sills contemporanc

ou ly with the ande itic extru ions. Instances of this condition 

may be seen in the rock bill outliers at Duwamish Station south 
of Seattle as well as in the rock exposure in Cowlitz County. 

1'he volcanic materials range in mineralogical compo ition 

from ba ic andesitcs to acidic basalts. They grade i11 texture 
from dense gla y lavas to coar. c grained granular types and 
from fu1e grained volcanic ash to coarse cjcctamenta. The c 

several type are often intricately mixed. In certain Iocalitie. 
as along Columbia River individual flow may be seen resting 

upon one anothcT. Between the different flows there a.re oc
casionally deposits of light colored 01· yellow clay Tanging from 
a few inches to a foot or more in thickness. Carbonaceous ma
terial is often included within the clay indicating the probable 
existence of vegetation during the intervals between the out
pouring of lava. CommonJy deposits of lig ht colored volcanic 
tnff of considerable thickness arc inter calated with the lava 
flows. 

It very often happens that thick layers of tuff breccia have 
thin to11gues of gla ·sy lava intercalated . During the 1;Lccumula
t ion of the series quantities of ash and bou lclers were in contact 
with liquid htva and we1·e in part mixed and carried along with 
it. In certain areas these deposits were forrn ing on tidal Bats 
or estuar ine bilSins and much of the finer material was sod.eel 
1111d partiitlly stratified. Marine fossils are occasionally found 
within these partially baked shales and tuffs. 

Within the lower Cowlitz Valley and in King and P ierce 
counties narrow andcsitic dikes and sills a1·c of common occnr
rence. They t·ange in thickness from a few inche!I to over fifty 
feet. I n seYeral places as at Coal Creek in Cowlitz Coun ty t hey 
are clearly feeders for the i11 tcrbeddcd andcsitc flow . 

Thin sections of all these various pha-ses were examined 
microscopically. Partial chc111ical analyses as well as mineral 
Hnaly ·es place them in the rock clnssification ~it the h<mn<lary 
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between andcsitcs and basalts. A number of specimens were 
without question typical basic andesites, while other samples 
proved to be basalts. 

THICK!\ESS. 

Presumably lu.rge amounts of the total sediments deposited 
during the upper Eocene have been 1·emovcd by erosion. The Eo
cene strabt have been folded and in part covered so that at no lo
cality can the enti re thickness be ob. crvcd. In King County de
tailed stratigraph ic surveys have been made a long Green Ri ve1-. 
The base of the formation was not found at any point. From a 
series of careful measurc111ents n111.dc in the canyon of Green 
River the Eocene deposits exposed were estimated to have an ap
proximate thickness of 8,000 feet. In the vicinity of New Castle 
and I ssaquah the Eocene sedimentary rocks have a thi<:kncss of 
~.ooo feet and rest upon anclcsites which arc also of probable 
Eocene age. Thc_y arc overlain by ma1·inc Oligocene sediments. 

In Pierce County in the region of Carbon River and south
ward the Eocene :strata attain a thickness of 14,000 feet. H erc 
the base of the formation is also unknown. In Thurston County 
Eocci1c rnck outcrops occm as isolated exposures. In the region 
between T enino and Centralia interbcddcd sediments an<l lavas 
arc dipping to the south at low angles and possess an estimated 
thickness of at least !il,000 feet. 

In northern Cowlitz and southern Lewis counties sedimentary 
and igneous rocks of Eocene age occur at intervals from the 
town of VVinlock in the nol"th to Castle R ock in the south. The 
lowcrn1ost beds arc exposed near the town of Castle Rock. Suc
cessively higher strata are encountered to the north mid the 
uppermost beds arc exposed near ~ rinlock. Approximately 
8,000 feet of strata iU"C involved in this section . 

In northern ClaJlam County ju the vicinity of Port Crc,;ccnt 
Eocene lavas and shales possess a total thickness of about -1<,-

000 feet. In the central and eastern Cascade Mountains the 
Swauk, Tcanaway and Roslyn formations, all of Eocene age, 
have a total maxi111un1 thickness of 1~,000 feet. 
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STRATIGRAPHY. 

T he detai ls of the stratigraphy are given in the de ·crip
tions of each area. The most complete sections have been 
measured in portions of Ki11g, Pierce and L ewis counties. In 
the other areas the exposures a rc so scattered t hat only frag
mentary sections can be made. The type marine section for 
western Washington is the one just described as occu rring be

tween Winlock and Ca tle Rock. The follo"'ing lithologic sub
di,~sions are recorded : 

1'op of Section Peet 
Massive clay shale, grncling in places into sanely sl\ale, as cx1>osed along the 

banks of Olequa Creek south of \Yinlock and also in the banks of Cowlitz 
River in Section 5, '!ownship 11 :-iort11, Range 2 \Vest, al localitr 239. 
These strata constitute the lmsaL membc,· or the Ollgoc<'nc.. . . . . . . . . . . . . 000 

Chiefly sandy shale grnding into ornsslve clu ,v shale of a clnrk browni~ll gray 
color. Exposu,·cs of this member are not very ,lbttndnnt hut conta in OC· 

cMional specimens of ·ve11c1•icanlia planicosl{t and 'J',11Titclla 11c/l~ll11<1. 'J'hls 
is the uppc ,·most marine Eocene as .,·ct rrcogulzcd within the state ....... 900 

Shal>· snndstone ..... . .............................. . ............... 100 
Slightly banded SflDdy shale.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130 
S lightly carbonaceous sandy shale. . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 30 
Sall(\y slrnle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 ~O 
Lamioalc<l ;;nndstone and sandy shale . . .. . .. . . ........... .............. 1:.0 
Shale slightly sni1dy. The upper· po r tion of th is m<>mber <·011t11i ns 1111 abundan t 

marine 'l'cjon rauna ............................. . ..... . ........... 340 
Mnssive clay >1hale. 'J'hc equh·alcn t of t·hc s hales occurring in the lrnnk of 

Cowlitz River in Section 25, Township ll :Xo,·tb. Range :! West.......... ;:;o 
$and~· cla,1• shale. Base of n11pn marine division. . . . . . . . . . . . . . . . . . . . . . . 70 
l"rllowlsh brown sandstone with lntcrhrd<lNI llgulllc la,,·l'r~. 'l'hese sand

!ltones often grade Into cl\rbonaceous sand>• lnrers. 'l'lJe Cauna O<'curring 
with in these stn\ta are cnu,·ely or bracki sh w>lter origin ............... ;:;20 

Ft·esh watc,r beds. Ligh t gra>· massive clny shol rs. containing nnnwrous 
fresh witter Eoccoc inv(•1·teb r0tc fOSfiilS. Fos~il local it ies 20;; and :303 oc· 
cu,· in these beds . ... . .. . .. . ..................... .. ..... . .......... l!lO 

Brackish water beds. Sand~· shales and sbaly sandstones gracllng into brown
ish yellow co,u·se gra ined sand11tone all of which is more o,· less carbonace-
ous. 1rannas ut locaUtlcs 2:l l , 234 and 300 occur in these heels ........... 5;;0 

lht r lnc beds. Sandy clny slrnlcs grading Into s llal>· sanclstoncs. b'aunas nt 
loca li ties :!40. :!401>. 209, 241. 238. 236. 20 . 204 and 2940 occur In tllesc 
st1·atn. ct'llc basal portion ot lh ls belt grades Into beds ot brnckish water 
ot·igin. Below this zone no delalle<l measurements have l>cen made. 'l'he 
underlying strata m·e those involvecl io the urea between Castle Hock and 
Olcqua. .Tui<t below. nncl~sile nncl tu lfs 11rc h1tc1·c11ialc1I with the srcli· 
men tari~s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3fJO 

Total thicknes,; of mca!<u1·Nl @oce111• st,·ata ........................ 4470 
Possible th ickness of numcasurNl s~raia lu\'olv~a iu ,u·rii brh1•ccn Castle 

Hock nncl Oiequa ..... . .. ... .......................................... (;000 

Poss ible total thlcknesR or Eocfnc as cxpo~ccl in Ibo lowcr ('owlltz Yollcy .. J0,-170 

The above section i, involved in a continuous northeasterly 
pitching monoclinc. The lower portion of the section consist s 
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of alternating belts of lava, tuft', shale and sandstone. The up
per portion is entirely composed of sedjments, having a thick
ness of nearly ~,000 feet as indicated above. The lower beds 
of the upper measured portion arc of marine origin. Above 
these in sequence arc brackish water strata, fresh water, brack
ish water and finally marine at the top. Resting upon the up
permost Eocene beds are sandy shales containing a fauna of 
lower Oligocene age. The contact relations suggest an un
conformity. 

FAUNA. 

A total of 130 species of invertebrate fossils arc known 
to occur "'ithin the upper Eocene strata of western W'iishing
ton. Of these 52 are P elecypods and 77 arc Ga teropods. 
In addition there arc brn species belonging to the Scaphapoda 
and two species to the Cephalopoda. The fo)]owing table in
cludes a list of the upper Eocene fauna of the state as known 
up to the present time as well as the localities at which the dif
ferent species occur. 
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EOCENE. 

LIS'l' 0 F SPF.OlF.S 2 3 4 5 o , s u " n q 

--------------------·•------ - --- - - -
Pl':L.EOYPODA 

1 A l'icula pcllucida Gabb....... . .............. • ................................ . 
2 13arbntiu morsel Gabb........ .... ...... ..... . . . . . . . . . . . . • ............ . .... . 
~ Cardi um brewer! Gabb....................... • • • • • 
4 Carcllum cooper! Gabb....................... • • ...... •.............. 
o Onrdium olequnhcnsis Weaver .......... . ......................... .. ............ . 
6 Oorbuln hornil Gabb ........................ • ................................ . 
7 Corbula o. sp ................... ... ........... • . ................. , ............. . 
8 C'rassatellltes wnsbingtonensis Weaver .......... ... ... •. • ...... . ... : . .. .... 

1 

.. . 
fl Crn~satollites gr an dis Gabb ... ............... t ..... ... . • .. . ... .......... ... .. 

10 Ornssatellltes merrhunl Weaver ........ .......................... .............. . 
11 Grassatellites an.lli Weaver ......... ....... .. ................................... . 
12 Orassatellites cowlitzensfs Weaver ........... ......... ................. . ........ . 
13 OrassateJUtes compncta .Gnbb ............... • ..•••.••. • ...... .. ......... ·1· .. 
H Oyrenn. brevidens White. ..... ..... .... .... .. .. . * * ............... * . . . . . . * 
15 Oorbicula cowlltzensls Wea Yer ....................... .....•...... • ..... .. .... . 
16 Corbiculn eufauJncnsis Weaver ... . ................... ............ • 
17 Dlplodonta poUtu (Gllbb) ................... • .................... ............ . 
18 G·tyclmerls sagittata (Gnbb) ................................... • . ............. . 
10 Glyclmerls COt'<lll icn (Weaver) ............ . ....... .......... ....... .. ............ . 
20 Glyclmerls eocenicn var laodesl (Weaver) ..... . .......... ... ..... . ............. . 
21 Led a ,•aclerensL~ Dickerson . . . . . . . .. . . . . . . . . . • . . . . . . .. . . .. . . . . . . . . . .. . . ....... . 
2"2 Leda gnbbi cronrad .......................... * * * , ............ .. 
23 Leda 81) ................................ . ..... • ........................... . .... . 
24 ll!crctrlx l1ornii Gabb.... . ............ ... . . .. • • • . ............. . 
2.,; Merctrlx m·asann ('ourad................... • . . . .. . . . . . . . • ................ .. 
26 i\!erctrfx c,,,alls Gobb........................ .. . . . . . . . . . . • . .. • ............. .. 
2i Me.retrlx oleQuohcru;I~ Weaver ................................ . .. . .. ........... .. 
28 Meretrix tooga? Gobb .................... . . ....... ........ . .... ..... .. .... .. ... .. 
29 Mn ref a qunilrnto (G·abb) ............... ..... • • • .............. . 
30 Marcia conradnna (Gabb) ................... • • ........ .. .... . 
:n i\tacrocalllstu unclersoni Dickerson .......... • .. ....... ......... . ...... ....... . 
3"2 Mncrotalllstn vuderensls Dlekerson .... •. ... • ................................ . 
33 lllodlotus ornntus Gabb ...................... • • • • . ............ . . 
34 O;;trcn ldrluensis Gabb..... .. . . . . . . . . . . . . . . .. • • • • • 
35 Ostrcn oleouaheosls Wea\'er ................. • .. .................. ....... • 
36 Ostrea tettkci Weaver.. ... ............ ....... • • ......................... . 
37 Pecten cowllt,.cn~L~ Wc:Wllr ....... . ........ ..... . .............................. . 
38 Pectcn lnndesl Arnold ........................................................... . 
39 Plocunanomin inornatu Gabb............. .. . . . . . . . .. . .. .. . .. . • ............. .. 
40 Pl;ammobla horoll (Gnbb) ................... • ............................... .. 
41 Scmelo dlaboli Dickerson..................... • ................................ . 
42 Solen l)Urnllelus Gabb ........... ....... . ..... • .. . • ... • • • • 
n Septlfcr dfchotomus Gnbb ...................... . .............. • ............. .. 
. 14 'J'hro.cln dlllcrl Dall.................. .. . ..... • . .. • ....................... . 
45 'l'ellloa. Ruttereosl~ Dickerson................ • .. ... ... . .... . ........... ....... . 
•lG 'l'clllna longa Gnbb ............................................ . ................ . 
4i 1'clllna horn II Gnbb.. . . .......... ....... ..... . . . . . . . .. . . . • .... . . . ............ .. 
4 'l'clllna oofdes? Gobb .......................................................... .. 
·10 ~'elllnu cowlitzensi.~ Wen11er .................... .. .............................. . 
50 '.rereclo s1i. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • .. . .. . .. ....................... .. 
;;1 Unto trunspnci6en Arn & H,100............ • .................... . 
52 Ve.oorit11rdi11 ph\oicostn G-abb............... • • .. • .. . • • • ........ .... .. . 

GA.S'l'EROPODA 

53 Amnuropsis lllventn Conrad.... ......... .. .. • . ....... ....... ......... ... ..... . 
~ Anrilluria bretzil Weaver.................... • . ............................... . 
oo A mbloxns olequahensls Arn & Hnnn .. . ........ .. ............................. .. 
66 Amphissn eooeolca (Weaver)................ • .. ..... ....... . ................. . 
57 Amphlssn pacl<nrdi (We1\\'1tr) .... ....... ... . . • . ............................... . 
58 Bursn wus lllngtonlnnu (Wea,,er) ............ • • ............................ .. 
50 nur~u cowlitzensis (Weaver).... .. .......... • . ............................... . 
GO Brachysphingus rlarkl '\Ve1wer .............. • .. .......... • ................ .. 
01 Oaly1itrncn exrentricns Gabb.......... •. . .. . • .. ....... .. .... ................. . 
6>2 Creplrluln ))1lc11 Gnbb ........................ • ........... ................ . .... . 
G.'l Oyllcbr111 costnto Gnbb.................... . . • ........................ ... .... .. 
OJ Canoellarln Hnntoni Dickerson.............. • ................................ . 
65 Conu;; born II Gabb........................... • • .... .... ......... . .. . 
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LIST OF SPECIES l 2 3 4 o O 7 ;ll 117 Ii IS 

_OO_'_C_o_n_1_~---r-e_m_o_n_1_tt_G_a_b_b_.-.. -.-. -.. -.-. -. . -. -.• -.-.-.. -.-.-.. -.~.~.-======J==== 
Oi (·onus wca1•cri Dickerson . ........... .. ...... * ........................ ........ . 
68 Conu.s co11•litzcnsis Dickerson ................ • .. . .. . ... ...................... .. 
6'0 Cnnthnrus l)errinl Dickerson . ........... .... • ....................... . ........ . 
70 Drillin omata Dlckeraoo .. ....... . ... ........ • ..... . ..... ... .................. . 
'it Exllin dic)(l!TSOni (Weaver) ........ . ......... • ....................... . 
i2 }:xilht lincolncsts Weaver ........ ............ ...... ..... .... ...... .... .. ........ . 
73 Exilia perldoslanii (Cooper) ................. • .................... ... . 
71 Ficus mamillatus Gabb ...................... • • • .............. . 
75 Fa~ciolnrin buwnldnna Dickerson........... • ..... .......... ... ......... . .... . 
76 Fn clolari11 woshingtoniaun Weaver ........ * • • • ............ .. . 
77 Fusi nus lewisensls (Weaver)................. • ..... .. ... .. ................ .... . 
78 
19 
&) 

Sl 
S2 
83 
S I 
s;; 
&:I 
87 
68 
so 
00 
91 
~l 
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JOO 
101 
10'1 
103 
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100 
107 
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1011 
no 
111 
112 
113 
111 
n;; 
lW 
117 
118 
110 
120 
121 
12'2 
l23 
124 
123 
126 
127 
12$ 
]29 
130 

Fusinus wasbingtoniana (Weaver) .......... • .......... .. ................ .. .. . 
Fusinus willisi Dickerson............ . ....... • .......... .... ........ .. .... .. .. . 
Ficop i remondJ Oabb." .. ............... .. . .. .. ... , ... . • • • 
FicoDSis oowlibensis (Weaver) ............ .. • • .............. . 
Galeodea tuberculata (Gabb)................ • • • .............. . 
lfemlfusus tcjoncasis Weaver ............... * ......... .. ............. ........ . 
JlemllustL• so1,cnohcns!~ Weaver ............ * .. . .. ...... , ... * .............. . 
noml(usus lowjsensls Wciwcr ................ • ............................... . 
llemlfnsus wnsh!ogtoncnsls Wonvcr .. .... · .. * . .. . .. .. . .. . ... .. .......... .... . 
L,mnlin {:(>wlltzensis Dickerson.............. * .. . .. . .. . .. . .. . .. ......... . .... . 
l ,nnut!o nuciforni!s Gabb.................... .. . .. . .. . .. . .. . . .. * .............. . 
J, m111tlo hor11II Gobb......................... • ................. . ........ . ..... . 
)lltra wnshlngtonlana Wca,·er........... .. . • ................................ . 
.Murex so11ennhen.~ls Wea,,er ................. • ...... .................... ... ... . 
Murox cowlll7.ell.'II~ Wenvl!r .................. • ...... , .......................... . 
;\lurex pnci<ardl Dickerson ................... • ... ........ .......... ........... . 
l lelna!o pncknr<II Dickerson ......... .. ...... • ................................ . 
:Uclonia fcttkel (Wen ver).. ...... .. .. ........ • • ............................. . 

~~l;:~:~ !~"d~~:i;\s ~::;;:J~:::: :: :::::::::: • .. ~.·. :_:_ :, :.:.:_ :.:.:. :. :.:_ :.: ... · :.:.:. 1:.:_:_ :.:.:. :.:.· .. :. :.:_ 
)loooctontn watti;! Dickerson... ...... .. .. . .. • 
Ne,·erita ~cctn Gnbb.......................... * ........ , ................ .. ... .. . 
X<•vc:ritn 11111rtlol Dickerson .................. • ............ . ............... .. 
1'crveritn wravcr! Dickerson ................. • ........ . ...... .. ......... . .. . 
Scrlt11 cowliliensls Diekerson......... ....... * ... .. . ... .................. . .. 
Xnll<·lnn obliouu Gubb ......... .......... .... • ................................ . 
Nyctlloebus washiogtonlnnn (Weaver) ...... • .. . ............................. . 
S!so polllo Gnbb ............................. • : .. ... . 1 ...... .. . ... . ............ .. 
Olivel ln matbowsoni Gnbb . .................................................... .. 
Ollvella sp ........................ , ............. • ........... . . ........ ... 

1 

.... .. 
l'nchynilus drnkci Arn & Honn ................... ......... ... ...... . .. .. ... ... . 
Pi;cu<loJl,·ln volutaetormls Gnbb ............ * ................................ . 
Pseudoll\'ln lnornotn Dickerson ............. * ........................ ........ . 
Hlmclln eloai:ntn Weaver .................... • ........... . ..... . .............. . 
Rlmelln elongnto (Wouvcr) .................. • ......... • ................... .. 
Sureula wnshlngton!non (Weaver)........... . .. . .. .. . .. . • ........ . ........ . .. . 
Surcultt cowlitzensis Weovet . ................ • ........... .. . ..... ............. . 

!iihonnllo. b!curlnnto Dickerson ............. • ........................... , ... . . . 
'.L'ur·ris mooolffcru Cooper. .................. • . . . . . . . . . • . ....... . ...... ...... . 
' l'nrrls nulel,rn Dlcker~on.................... • .... • . . ... ; , . ; .. ; ... , I,• ....... .. . 
'l'urrltella 1woso1m Conrn(l.................. • .. . .. . .. . .. ...... . 
'l'urr!tella w. . .. ..................... · .. · .. · • .. · .. · · .... · .. · .. · · .... · .. · ·" .. · 
'J'urrltelln sp. .. .. .. .. .. .. .. . .. .. .. . .. .. . .. .. • ...... · .. · .... · .. · .. · .. · · .. · .... · 
Trl!orlt? wnshingtonilwa D lck!!rSOo .. .. .. ... • ...... 

1 
............ . ............. . 

~ros,1lpinx bon!libnll Dickerson ............. • ............................ .. 1

1 

.. . 
\ h1lpnrw wusl11ngton!nt1a Arn & .Efanu ....... .... ..... ... ..... ............... . 
Dentallum stramlncum Onbb...... .......... * . •. .. . .. . • • • .............. . 
Ooclulus 1i11slll11s (Gabb). .. ... ..... .... . ..... * 

t~~'.~1

~~1~~i~e;fii~~:;~t:~~i~~;:;~~~~~:::::: : (.:.:. :.:.:. \_i_:_ :_:_\_ :_:_:, :_i_:_ :_i_\_ :_:_.\_ \_:_.:_ :_:_:_ r_·:. :. 
J3rachyur!nn remnlos .. . .. . .. .. .. . . .. . .. .. .. . • 
'.Fish teetb .............................. ...... • ...... , ...... , . .......... .... 1 . .... . 
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I 
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l,IS'l' OF S-PEOIES 2-10 275275 276 2i7 27S 2711281 ,28'2

1

283 

Pf; U :O\'l?ODA --------,-
1 Avlcula pcllucida Gabb ..................................... . ................... . . . 
Z flnrbatlo morsel Gnbb .............. . ......... . ........... .. ... . ....... . ' • 
3 Oardlum brcweri Gnbb.. . . .. .. .. . . .. . . . .. .. . .. . . .. . . . . . .. . . . . . . . . . . • ........... . 
•I Cardlmn cooper! Gnbb.. .. . . .. .. . .. • . . .. . . . . • . . . . . . .. . .. . . .. . . . .. . . .. . .. • ....•. 
~ Oardlum oJcquuhcnsis Weaver .. ............ . ...... .. .. .... .... .......... . . . .... . . 
(l <Jorbula l.Jornlt Gabb ...... . .... . .. .. . .. .. ... • ....... . • ........•........ • ........ •. 
7 Oorbula o. s 1> .............................. .. . ... ..... .... ...... ...... .......... . . . 
8 Ornssatelli tes washingtonen.sis Weaver .... . .. . ...... .. ..... ....... .. . ... . .. ..... . 
9 Orassntcllitcs grnuel is Gabb .... . .... ........... ..... ........ ........ .... .... .. . .. . 

10 Crnssntellitos merriami Weaver. ................. ... .. . ................. .. ...... . 
11 CrnssatclJi tcs dnlli Weaver ............. ... ... . ...... . ........ ....... .. ........... . 
rn Crassatellites cowlit1.0osis Wen ver ....... . ................. .. ...... ........ . ... .. . 
1.3 Cra.'l!lntellitos compacta. Gnbb ............................ . ... ..... . .............. . 
14 Cyreoa brtwideos Wbite. . .... .. ..................... • .. . • .. . .. . . .. • .. . .. . • 
15 Corbicoll1 cowlit?.ensis Weaver.... . .. .. . • . .. . .. .. . . . .. . . . . . . . .. . . .. ...... .. .. ... . . 
Hi CorbicuJa cufaulaeosis Weaver . ... . ........ . ..... . . ... ........... . ........ . ..... . 
17 'Oiplodonta nollta (Gabb).... . .................. . ............ ................... . 
18 Glyclmeris s ag lttut11 (Gabl/)... .. .. .. ............... . . . . . . . . . . .. . • . • . . . . . . .. • .. . 
10 Glyclmcrls eoccnlcn (Weaver) ......... .. ........ . .. . ............. . ... . .. . .. . .... .. 
20 C-Hyclmerls cocenlca vnr J11nc:tcsl (Weaver) ........ . ............ . • .............. . 

ti ~~:: fg~~~~~~'.1?~'.t~~~~::::>:::::::::::::::::::: ::: ::: ::: ::: :} :: :::,::: ::: ::: 
24 lltcrctr·lx horn II Gnbb. ................ ....... •• . . . . . • • • . . . . • • . . . .. • • ..... . 
Z5 .ll!orctrix U\'Rsnna Oonrn<I. . . ... . .. . ....................................... . .. ... . 
26 Meretrl~ ovul ls Gnbb. ............... . ............ . .. . . . . . . .. . . . . . . . .. . . . . • . . ... . 
'l:7 Jl1eretrrx olequabe.nsls Weaver ..... ... .... .. . . .... ...... .. ... ... .. .. . . .. : .. . .. .. . . 
28 Meretrix Ioogn? Gobb ...................... .. . ................. . ... . ............. . 
29 Marcia <1u11drata (Gabb) ............................. . ............. . ............. . 
30 Marcia coorndana (Gabb) ........ .. . ................ •... ....... , . . .. • .. . . • . • •• . 
3L Mnc.roculllsto nndersooi Dickerson ................. ........ .. ........ .. ........ .. 
32 Mn<..,.ocnllL~tn vaderensis Dic.kerson ........ . ........ . ............................ . 
33 Moc:liolllS orontu~ Gnbb ............ ..... .. ....... ... .. ............. • •........... 
34 Ostreu idrlaonsls Gabb ....... ........ .. ... . ......... • . . . . . . • . . . . . . • • • . . . 
35 Ostren 01cc11rnhcusis Weaver.. .. . .............. . ........ . ....................... . 
S6 Os troa fottlmi Weaver ..... . .... . ........ . .... ...... . ..................... ....... . 
37 Peet.en eowlltzen~ls Weaver . ........... .... ...................... .. . . ....... * .. . 
88 Pectcn li1oclesl Aroolcl....... . . .. . . .. . . . . • . .. . .. . . . . . . . .. . . . . .. . • • .. . .... . . . . . 
fl!) P lncununomln looroutn Gobb .. . ...... •............. . .......................... 
40 Psnmmobin hornli (Gabb) ... ............ . ......... .................... . . ...... I ••• 
41 flemolo <fiaboli Diokerson ....... .. ......... . ...................................... . 
4.2 Solen 1111rnllelus Oabb............................. .. . . . . . . . . . . . . .. . • . . . . . • •..... 
43 Septlfcr dlchotomus Gnbb............. .. ....... .. . . . . . . . . .. . . . . .. . .. . . .. • .... .. 
44 'l'hrn cln dillcri Dall .................. .. ...................... . ............. .. ..... . 
45 'l'clllnn sutt~rensis Dickerson ................................. . ....... . ... . ...... . 
46 '.L'clllnn lo ngo Gnbb .... .. ...... .. ... .. . .. .. ....... .. , . . . . . . . . . . . . .. . . . . . . • •.. ... 
47 'l'elllna hornii Gnbb . ....... . ..... .. ... . ............. . ............................ . 
48 'l'elllnn oo lcles? Gnbb ................. . . . .. ................................ . . . ... . . 

~ :t!i3~JE:~:;c:~A:t;~~~~l;::::: :::::::::::: ::: :. :.:. :_._::. :.: .. :. :_:.:. :.:.:_ :.:.:. :.:.:_ :.~.:. :.: .. :. !:.:.:_ 
5'2 Venerlcarclla l)lnnicostn Gabb . ...... . ..... . .. . . ... . 

GA$'l 'l<lR0P 0DA 

fi.1 Amouropsls nlventa Oonrnd ........ .... .......... .... . . . . ............ .. ...... J .. 
51 Anclllarin bret1.II Weaver .. ............. .. ...................................... .. . 
55 Ambloxus olequahcosls Arn & HllllJL .... .... ....................... . . .. , .. . .. ... . 
56 Am11hlssu eooooi~n (Weaver) ... . . . . . . . ..... . ................. . ........ . .......... . 
57 Amphissa pnclrnrdl (Weaver) ...... . ... . ...... ... . .. ................. ... ......... . 
58 Buri>a wusbingtonl11na (Well\·cr)................ . .. . . . . . . . . . . . . .. . . . • . . . . .. • . . . 
59 Bursu cowlite.eosl~ (Weaver) .. ........... .. .. ....... ......... · ·· ... ·· · '"I · ... , ... 
00 flrncll)'Sl>biogus clurkl Won ve1·...... .. .. ... ......... .. . . . . .. . . . . . .. . . . . . . • . . . 

1 

.. . 
6L Onlyptraea. cxceutricus Gnbb............. . .. . . . . . . . . . . .. . . .. . . . . .. . .• • . . • • .. . 
G2 Crel)idnla 1>lle1t Gnbb... . . . . . . . . . . . . . . . . . • .. . . . . . . . . . .. .. .... ..... . .. , . . . . .... ... . 
63 Oyliclrno costatn Gnbb .............. . . .... ... .. ... . ......... ........ .. ........ ... . 
64 Oo.noollarl a. st11ntoni Dickerson ...................... ............ ........ . 
65 OontL• horn ii Gnbb .............. . ....... .. . . .. ..... .. ....... . ......... . . . 
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EOCENE-Co~·t1sut:11. 

US'I' O'F SPJWmS 

[:
~91:~127l: 277 :!7S 27\1,!Sl ~ ;28.1 

00 Conti,; remo,ull Gobb .......................................................... . 
67 Con us we,wcrl Dlc•kcrson.... . ..... . ......... . .. . . . . .. ........................ I .. . 
GS Coous eowllt?.e~~~ J?lcl<orso11.... .. . .. .. . • .. .. . .. . . · 1 · .. .................... -(- .. 
()!) C'unthurus i,ernru D1ckorsou ... . ................................................ . 
70 Drillln ornntn Dlrkrrson ......................................................... .. 
71 Exllln ,llckrrsonl (Wc,wer).......................... ... .. . . . . . . . . . . . .. • ..... . 
72 Exill:t lln~<>lncn.,;ls Wcnver......... ................. ... . ....•...... 
78 £xlll11 1icrkinsl11n11 (Coo1,er) ......................................... . 

Ficus mmulll,itns nabb ............ .. ........... . .. .............................. . 11 
7& 
76 
77 
TS 
7!) 

so 
Sl 
82 
81 
SJ 
SJ 
s.-. 
Sil 
87 
Sb 
~ 
90 
m 
r,i 
!YJ 
01 
11.; 
00 
!l7 
!IS 
00 

100 
101 
]0'2 
lO:l 
10-1 
101; 
11>11 
107 
108 
lOO 
110 
lll 
U2 
Ll!l 
lH 
u.; 
116 
lJ7 
llS 
119 
120 
121 
122 
1:!.1 
121 
]2j 

1:16 
127 
1:!S 
129 
1:.l 

'Fnsclolnrln bnw:Lldono. Dlclrnrsoo ................. ·1· ............................ . 
}'nsclolnriu wnFbinirtoniunn Wen,•er .................................... • ..... . 
}'uslnus lewiscnsfs (Weuver) ........... ,. · · · · · · · · · .. ·"I··· · · · 1 .. • • • • • • • • • • .. • • • • • • • 
Fu~ln11, w11shlngtoniil1J11 (We111·er) ............. ····I· ........... ··· ..... · ... ··· ··· 
Fu~IOUI' \\IJIL,u Dld,erson ............................... · .. ···I··· ... ··· · .. ··· ··· ... 
l,'f<-011~1>' rr111oud1 Oubb ...... ...... .................. l ............................. . 
i;'f~o11~f~ 1•owllt,A'llsis (Wenver) ..................... · '··· ...... 

1 

........... . 
Galeodeu tubrrrulnln (Gnbb) .......... .. ........... 1 . ....... ....... I··· ... 
Ilemllllio,u~ teJorn1 11.:,;I~ Wcnvc.r ............. .......... ...... ............... • 
llemfs(usu~ sor,•nnhensls Wciwcr ................................................ . 
Hemifu8tc• ~01,enuhfo~fs Weaver ................ ··· · .... · ·. ·. ·. ·. ·. ·• ·. ·. ·. 1·. · .. · .... ·. ·. ·• · ....... ·• ·. ·. llemltusu.,, •~"1,,.-uaf.s Weaver ................... .... ..... . 
Hcmtrusu,; wn~blr11,-tonensfs \Yenver ........................ ·.· ... ·.· ... ·.·. ·.• ..... : .. ·.·.·. ••· .. -r.·. ·. 
l.111111!111 rowllt~.eui'lo Dickerson ................... .... -j- .. 
L1mnc.ln u111Hormls Onbb ................................................... 

1 

..... . 
I,unntht horuii Gubb ................................... 1 ......................... .. 
)lltrn 11·n;,.hit».rloni11011 Wet1ver .................. .. . ·1· .. 1 ................ .. ........ . 
)lm·e.x ;,01,enahrn;,i;,. Wem•rJ' ............................ 1 .......................... . 
~tmrx ,•owllt,.en~f~ Wc,wrr ........... .•.. ............. · 1 · ......................... . 
l\lurci. l)lll'knnll Di<•kerson .. .. .. ..................... ........ ... ........... ·1· .. .. . 
Meh,uln paek11rdl DlckN'Son ..... ...................... ..... . . . ................... . 
i\lelnnlu fPllk<'i (Wc11,·cr) .......................... · 1· .. I ...... .................... . 
Melnulu lewl;,innu. (W~n. ,·er) ................................. .... ................. . 
) (Chlllhl \'fl(ICrCllSI~ D1rkcn;on .......................... 1 ........ . ........ ......... . 
Mo11odo1tt11 "'111;.i Oirk1•rsoa .......................... ' .. . .. ..................... . 
1'e,·cr!t11 "l'l'lll nubb ..................... ....... ....... .' .................... . 
Xrvcrlt11 mortfnl Dlrkcrson ............. ............... • .................... . 
~er,·~flaL tr<'H ,·r•rl Dicktlrsc,n ...... ..... ............. , .. 1 

••••••••••••••••••••• 

Xcritn <·owlit,.cusls Dlekc~on ............... .. ...... ... ' . ... • .. · · · · · · · · · · .
1
. • · 

X11tM1111 obllq1111 <1,1bb.............................. . . . . . • ...................... . 
Xyctlhx•bu.,. wn,hiogtoolnnl\ (Weaver) ............................... ···1· ....... . 
Niro 1,oliU) Gnbb ... .. .... ........... ............................ 1 

................. . 

Olfvell11 mntbem•oui r.ubb ............................... ·1· ...................... . 
Olll'CUIJ Si> ....................................................................... . 
PurhyolltL< drukci Aro & Unnn ... ......................... .................... . . . 
P;;uulloll,·111 ,•oJDtaeformls Oobb ................. . ............................ .. . 
Pscudollvla inOl'llll!u Dickrrsoo ....... . . . .. ...................................... . 
Rimrlh\ siroplo.~ <111bb ............................................................ . 
R,illlCU!i clonglll!i (WCll\'Cr) ........ .......................................... .... . 
Surcula wllllbingtonl1111n (We111•er) ......................................... . 
Surculn rowUt,.cnsls Weu,·er ...... . ....................... , ................. . 
Slohonnlia bicarloorn Dickerson .......................................... .. 
'l'urrls monoli(cm Cooper ....... ........... .................... . ................ . 
Turds rmlehrn Dfl-kcrsou ...................................................... -1- .. 
'.l'urrltclln u,•asnDn Conrad ............................ • ... 

1 

............... • ..... . 

:R:~~t!ll:~ : : : :::::::: :::::: :: :::: :: :: :: :: : : :: :: :: :::: :::'::: :: : : :: : :: : :: : :: : :: : ::1: :: 
'l'rlforis w11i<hiugtoolann. Dicker~on ....................... 1 .................... . 
UroAAl11lnx hru111iboll Dlckersoo ......................... ··1· ...................... . 
VIJllpnru, wn~hlngtoni(IJ)s Arn & Hanu ...... . ............................... . 
Dentnlltm1 xlrumiorum Oobb ................ .... ............................. . 
CnclultL~ p1L•lllus (Gabb) ...... .. .............................................. . 
Nnutllus SJ) ................................................ 1 ...... .............. . 
Aturh, mathewsoul Gabb .................... . ...... ...... I ................... .. 
Rlt)'IIC·honolln w11shi111,'tonlnnn Wc1wc_r ...... .. .......•.. ·I· ................... . 
t~~~'~;gn .. ':".1.'~.~~.:::::::::::::: :: :::::::::::::::: ::: :::,::: ::: ::: ::: ::: ::: ::: ... 

_ __;_I _ I __ ~-~---
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:\larinc itwertebrate Tcjon fossil are confined entirely to 
the western part of the state. None occur in the Swauk or 
Roslyn formations of tlic central Cnscndes. Fossil plant re

llHlins occur both in the fresh water nnd estuarine deposits. In 
mRny case the plant bearing c tuai·inc bed are intel'bcd<lcd 

with the marine strata. Such evidence indicates that the fossil 

plan ts of the western portion of the tlltc arc of the same age 

a the mal'ine invertebrate , namely upper Eocene. Insufficient 
work has been. don.c on the fossil florn of the lacustrinc beds of 

the Ca cade to show their relations to the fossil flora we. t of 

the Ca cades. 
Near Duwami h Station, . outh of cattle, murjne bccl con

taining marine invertebr ate fossils occur as ociatccl with the 
lignite bearing strata which arc the equivalent of the co1il bear
ing strata of New CAstle and R enton. Prcsllinnbly the c5-
tuarinc beds of Ki·ng and Pierce cou nties are of Tcjon or up
per Eocene age. 

The upper Eocene mal'ine fauna of western ,~, it, hington 
show close similarities at al1 localities. M arine and cstaurinc 
trntlt arc intcrbeddccl bnt the formet· occul' near the base as 

well as at the top of the series. At the present time there 
seems to l,e no ufficicnt evidence to warrant subdividing the 
T ejou into formations. Several faunal v.ones ma.v ultimately be 
recognized. In the type section between Olcqua and vVinlock 
the marine faunas have their closest relationship to the Siphon
a lia suterensis Zone of the T ejon of California.* 

T lte fossil flora varies somewhat at different localities but 
the r-tratigraphic relations in tho e localities where collections 
hu,·e been made arc not in all cases known. A large number of 
the sp ecies arc new and undescriberl nncl their rnngc unknown. 

CONDITIONS OF DEPOSI'l'ION. 

The bathymetric conditions under which the upper Eocene 
deposits of western ,,v ashington accumu lated ranged from very 
shallow depths in the estuarine basin to possibly a maximum 

• Oickergoo. Roy 1':.. Fauna o! the Eocene nt lfarysville Buttes. Cftl ifornin, 
Gnlv. Call!. Puhl. Bull. nl'pt. ncol. vol. 7. pp. 257-2!18. p. 1;;. 11-H. lf•l~. 
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depth of 100 fothon1s. C'01·iils arc uukn01rn as fossils in these 

dcpm,its. Glau(·onite whi('h is common in portions of the Eocene 

of California has not hecn recognized in the :BoC'ene of Wa.sh

ington. rrhe majority of the gcnern belonging to the Pelecypoda 
and Gnsteropoda 1u·e forms whose environnH'nt is in the littorn.1 

or sublittornl :i:ones. Di lferentinl subsiucnce and elevation duu·
ac·teri:i:e<l the sea floor clnring the Tejon epocli. In those por

tions of King, Pierce ancl Lewis coun tics where cstwu·ine condi

tions prcvnilccl oscillations of the embnynicnt floors must haYc 

been frequent. Over 100 c·onl or cnrbonaccous scams arc in

tcrstrntificd with sandstone and sh1tle memhers and each repre

;,('nts nn interval of time during which vcgetntion flourished 

under possihle swamµy conditions. The ,rnndstoncs or shnlt•s 

n.bon! each scam arc water laid and indictt.te ,mbsidenc·c and ?\ 

lrnrial of the former swamp areas. \Vliere\'l.!I' the stl'atu con
tain marine fossils there is cYidcn<·e thnt the sul,siden,·c Im" hecn 
sufficicntl,v greitt to cause the marine ll'atcrs to transgress o\'cr 
former estuaries. 

The nrkosi<' diaradcr of many of the massin• sandstone 
member:,, in King and Pierce counties indicates ncurby lund 

areas composed largely of granitic or clioritiC' rocks which were 

being vigorously subjected to erosion . P resumably port ions of 
the Index, Mt. Stu,Lrt and Snoqualmie grnnodioritcs were in 

part s11ppl_yi11g this material. nfony of the chiy shales show 

ripple marks indicating the presence of extC'nsive ti<hd flats 

prei,umably situated oen.r the shores of the estuaries. Tl1e 
si111ulhmcous outpouring of lavas nnd the deposition of \'Ol
canic tuffs lmve already been referred to. 

CLIMATIC CONDITIONS. 

The climate of the Eocene in \Vu hi'ngton its weJJ as in C'ali

fornia and Oregon was tropical. T he marine invertebrates be

long to genera \1·hich arc found for the most part at the present 
time in the waters of the tropics. 'l'he fossil flora tells the same 
:,tory. P alms and other closely allied groups predominate. In 
the upper beds of King 1incl Pierce counties as well ns in the 
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Olequa-W inlock region the flora indicates the pl'c~cnce of 
p ecies of sycamores and bil'ches. Apparent ly towards the close 

of the T cj on epoch the climate became so1uewh11t cooler and l'l'l'

tain austral types of plants began to de"elop. T his cli 1111ttic 

chnngc is evidenced in the flora rather than in the fauna. 

NEWCASTLE HILLS-GRAND RIDGE AREA. 

GEOGH.\l'lllC DTS'l'H!IllJTIO~. 

The Ncwca tic Hills arc the westerly cxtcn 10n of a spur 

from the Ca cadc i\lountain. , ituated between noqualmie 

Y Riley on the north and Cedar River on tl1c outh. 'I.1her 
range in elevation from 8,000 feet, south of Grand Ri<lg<.\ to se1t 

le~rel at L ake W ashington. Both Eocene and :'il ioccne fol'n111-

tio11s occur within them. The E ocene, co11sisti ng of bot h sedi

mentarJ and volcanic rocks, occupies an area about two mile, 

in w-idth ncn.r L ake ~ 7,,!lhington, b11t iner eai;cs en.11tcrly in the 

vicinity of Grand Ridge to ovel' four miles. This belt of out

c rops trends approximately cast and west. T he weste rn end 
swings slightl.v to the no rthwest a11d the eitstcrn end to t he 

northeast in the ,·ici nity of Grnnd Jl iclge. 

CECAH.\CTJ';rt Oli' OOTC l10 1'8. 

T o the nol'th of, and fringing the belt of Eocene outc rop~ 
just described, arc marine sed iments of Oligocene age. T o the 

north of these, fo r a distance of over fifteen miles, no outcrops 

of fol'matioas older t lum Pleistocene glacial drift deposits arc 

kno,m to t.i.ppear nt the su l' facc at any locality. Bed rock un
doubtedly exists at rnrious depths below the t hick cove l'ing of 

g lacial drift. Glacial d l' ift of varying thickness mantles the 
K ewcnstle Hills, but in many places it has bceu J·e1110,·cd by 

Cl'osion exposing bold outc1·ops of bed l'Ock s uch as Squak )foun
tai n and Tiger )fountain immecliatc1y cast of I ssaq11 ah ('l'cck . 

'rhe hills just north of May Creek tt1·c somewhat ru gged and 
show the effect:; of glacial scou l'i11g. 

T. l'J'IJOLOGY. 

The Eocene formHtion in the Newcastle Hills is composed 

of seclimcntary and ig neous rocks, t he formcl' resting ,;trnti-
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graphically aboYC the latter. The c<limeutary clivi ion 1s com
posed of coarse grained sandstones, shales, sandy shales, shaly 
. andstones, and carbonaceous seams. These scverid phases of 
the formation vat·y in thickness u.nd arc interbcdded with one 
another. The sandstones arc commonly coar. e grained and ap 

pear to be largely composed of material derived in part from 
volcnnic lavits 1111d tu1fs anct in part from grnnile and gnm

odioritc. Cross-bedding is generally very pronounced in thi~ 
pha e of the formation. Often small seams of a chocolate-brown 
colored very fine grained shale occur interbedded in the form 

of Ien. es within the andstone. Near the upper and lower por
tions of the thicker beds of sand tone at the contacts with the 
shale bands there arc commonly very thin layers of shale less 
than one inch in thickness -interbccldcd with narrow scams of 
sandstone averaging less than one-half inch in thickness, giv
ing tl1is type of rock a banded or laminated appearance. The 
sandstone masses a re sometimes as much as one hundred and 
fifty feet in thickness. The shales are commonly massive \\·ith
out very distinct bedding planes. They break with a conchoidal 
fracture and occasionally possess considerable thickness. '£he 
sandy shales and sbaly sandstones arc generally har<lcr and pos
sess well-defined bedding planes. VVithin these arc often found 
remains of fossil leave!;, especially in the vicinity of the car
bonaceous seams. 

In the Coal Creek mine hundreds of fossi l trees occut· stand
ing at right angles to the bedding planes of the coal scams ancl 

projecting upwaTCls into the shales and sandstones abo,·c. Manv 
of these trees have a diameter of four or five feet. 

'£he strata outcropping along Coal Creek and in the under
ground workings of the Coal Creek mines arc Jithologically very 
similar to those on Tibbetts Creek in Section S~, and to those 
at I s aquah in Sections ~6 and 33. Some minor variations, 
however, may be noted along the strike of individual beds or 
coal scams, as in tl1c case of the Bagley coal seam in the Coal 
Creek mine. 
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The belt of igneous rock which underlies the sedimentary 

phase of the Eocene i composed of 11 series of hl\'a flows with 

interbedded volcanic tuffs app}\rently derivN1 from small fis

sures and vents in the immediate vicinit.Y. None of this ma

terial, however, is found interbcdded with the sedimentary por

t ions of the formation above. The busc of the sedimenta ry 

fornuition i;; composed of conglomerates made up of pebbles 
1rncl boulders firmly cemented and derived di rect)3, from the 

n u-ious phnscs of this luva and tuff. A careful examination of 

t he lava areas nlong the anticlina l belt shows t he pre. cnce of 
much intrni,i,·e material of the ,m111c nature iudicnting that 

vents were continuously being opened through the earlier con

soli<lated portions of the flow, itllowing fresh matcriul to well 

out over the su l'face. :i\fony of these flows show the effects of 

movement jus t prior to consolirlittion and contnin i rrcgulnr 

shaped angular blocks of hardened lnva which they have car-

1·icd a.Jong witl{ them. The tuff beds contain rnrious i. i:..:ed frag
ments of pumice which lm,·c been firmlJ iudu rntccl. Some phase. 

of the lam arc very porphyritic showing IMgc c r.vstnls of fcld
:; pnr imhcddcd in a fine grained g round111ass. Other phases 

poi-scs,; n distinc-tl.v fine grained basaltic appearance; some in

di,·iclunl flows arc co111plctcly honc_yc·ombed ,vith steam ciwitics. 

(;MOLOGI<; S'l'II L'( "J'l111 K 

The prin cipal strudurnl feature of t he Newcas tle-Issaqua h 

a rea i" 1t brnad nnticline trending along th<' direction of the 
:\' cwcastlc Hills. Between la kes \V u.shington and Sa1111namish 

it trends North 45" ·w est. In the Yic·i11ity of the town of I ssa

quah and Squak J\Iountain it trends nearly cast a nd west and 
then tums Nort h 45° Ea,:t in the vic·init_y of Grand Ridge. The 

north limb of the anticline between the Newcastle H.ills and 

Grand R idge cb1clops into a bronc! sy ncline the axis of which 
t ren,h nearly due north through L ake Sammamish. The 11·cst 

e1·n extension of the anticline c1u1 be t nLcecl to the eastern shores 

of Llkc \Vashington in the vic ini ty of N ewcastle Landing. 

From N'cwcastlc Landing it crosses L ake Wushington and 

pasi;cs through the sonth centrnl part of :\forcer I sland. This 
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island is almost entirely con1posccl of glacia l drift , but on its 
western . ide in Section 9l-!, T ownship Q-!, North, Range 4 East , 

huge broken boulders of bttsic igneous rock outcrop ilt the 

water's edge, which may po ibly be a part of the core of the 

anticline. I mmediately west on the Bailey P en in. ula and just 
south toward Brighton Beach well defined outcrops of Oligo
cene shales and sandstones outcrop. T hese trata have a north

east-southwest st rike with a very steep dip to the north. They 
a.re a continuation of similar strata occuning in the Newcastle 
Hills ju t north of Coal Creek. This, together ,,~th further 
evidence in the Rainier and Duwamish valleys, . how conclu ivc
ly that the anticline occu rring in the Ncwca tie Hill crosse. 
L ake \\Tashington and then tu rns south toward D uwamish 
Station. 

Along the course of Coal Creek from its mouth to its head
waters, numerous out crops occu r upon which ob ervations for 
strike and dip ca n be obtained. T hese show the strike to range 
from North 45° ,vest to North 70° West, the latter prevailing 
near the headwaters of the creek a t the town of Coal Creek. 
The dips range between .J.0° and 70° . T he general a verage is 
between 45° and 50° to the northea t. Similar observations 
were t aken farther to the northeast alon g logging and wagon 
road cuts in the overlying Oligocene fo rmations. From Coal 
Creek these same strata cross the mountain ridge and reappc~u 
on the nortb slope of Squak :Mountain between Tibbetts and I s
saquah creeks. Excellent obse rvations on strike and dip may 

be taken in the vicinity of the Superior Coal ~l ine on T ibbett s 
Creek in Section 3~, Town hip Q4 North, R ange 6 E ast a nd 
also in Section 33, same township and range, in the vicinity of 
the I ssaquah coal min e at the town of I ssaquah. The trike in 
bot h of these locnlities is nearly east a nd west with a n average 
dip of 40° to the north. In the vicinity of Grand R idge in Sec
tion 9l6 the st rike swings to the northeast . Numerous observa
tions were recorded both on the surface a11d iu the underg round 
workings of the Grand Ridge Mine. Abou t t wo miles northea t 
of Grand R idge in Section 13, T ownship ~4 Nort h, R ange 6 
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1-.:nst, several openings hnvc been 1111ule in the bed rock strata 
along the cour ·cs of small creeks, exposing C'oal senrn,; as well 
as sandstone and shale strata. The strike M·cmges North 45° 
.East with a dip of 65° to the northwest. 

To the north and cnst of these out('l'ops the Eocene rocks 
arc no longer cxµoscd, but are covered with a very thick mantle 
of ghwial drift. About four miles southcnst of Section 13, in 
Scttion ~8, Township 24 North, Range 7 East, outcrops of 
sandstone and shale arc exposed in ti railroad cut just west of 

the point where the :Northern Pacific rnilway crosses Raging 
Ri,,cr. The strike of these beds is North 45 - West and the dip 
rnnges between 55° and '75 to the northcitst. Although there 
is no ttbsolute certainty that these 1trc a continuation of the cx
posu 1·ei, in Section IS, yet it is prob1tble that they ftl'C such an 
extens ion a11cl arc a p1trt of the 11orth limb of the Ne1vcn,;tle 
Hills >1.nticlinc. The main axis of the anticline has been indi

cated upon :i\fap B, Plith• IY, and consists of almost continuom; 
outcrops of basaltic lams and tnff lying strntigntphicall.v he
low the Eocene sandstones and shales. 

From such evidence as can he obt>1.ined on l\Iay Creek along 
the soutlt ,;idc of this m1ticlinc, the probabilities arc very stronp; 
that the stratii on the north slope formerly arched over the la\'a 
and dipping southw,u·d. extended under what is now ) lay 
Creek Yallc_v. The evidence pointing toward tltis conclusion 
may he found in Section 2, Tow11ship 2f~ North, Range 5 East. 
along the )fay ('reek wagon road. Several exposures of san<l
stone and shale appear on the north ,;idc of :\fay Creek clo:ic to 
the wagon road and near the surface arc dipping almost vertica l 
with a strike of i'forth '75 ° W ci-t which is approximatd_y ptu·allcl 
to the anticlinal axi,, just dci;cribe<'I. At tl1is point on May 
( 'reek, 11. scam of coal hns been disco,•ered and 1L shaft imnk upon 
it to n. depth of Slil5 feet. At the foot of the shaft n. crosscut 
has been driven to the south for a distance of 450 feet. Along 
this crosscut several scams of coal were cnconnterecl a. well 
as sandstone and sha.lc strntfl which litholog1cally resemhk 
, ,cry closely those in the Coal Creek and Newcastle mines on the 
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north . ide of the anticline. At the depth of the crosscut below 
the surf ace the strata ATC no longer pitching vertical, but as
sume a dip of 64° to the ·southwe t. Outcrops of sandstone and 
shale on the south side of the anticli11c arc only known in sec
tions 1 and ~. To the west, toward Lake Washington, the 

country is almost entirely covered with dcpo. its of glacial drift 

and the only pre-glacial outcrops expo cd at the ul'facc are 
occasional mas cs of basaltic lava and tuff. To the east of . ec
tion 1 and fl no sedimentary rocks al'e expo cd for a distance 
of ix mile . Throughout thi di. tance the outh limit of the 

lava which i indicated upon Map B, Plate IV, i. in direct con
tact with very thick depo its of glacial drift. In Sections !fl 
and 18, Township ~3 North, Range 6 Ea t, numerous ex
posures of Eocene sandstones and shales containing coal 111ay be 
seen along one of the branches of l s!laquah Creek. This belt i 
about one-th.ird mi le in width and two miles in length. On both 
the northwest and southeast sides of this small belt arc large 
u.retlS of andcsitic lava wJ1ich should strntigrapltically w1dedjc 
the sediment . These sediments arc presumably a Tcm nant of 
those which at one time arched the anticline and have been drop
ped into their present position as a fault block. 

The vertical and even overturned position of the strata a long 
l\lay Creek strongly uggcsts a slightly overturned anticline 
ancl also a possible fault approximately parallel to the strike. 
Along the sedimentttry igneous contact in a number of places 
as may be seen near the May Creek coal shaft there are slickcn
sidcd walls on the Inva. If such a fau l t ex ists it quite possibly 
extends southeasterly into the Sherwood-Taylor region whicl1 
wiJl be described later. 

From l\lay Creek southward to Cedar Creek no outcrops of 
Eocene strata have been found to indicate the intervening 
structure. T he northward pitching attitude of the strata at 
Renton and Cedar Mountain suggests a pos!lible synclinal basin 
of Eocene strab. trending parallel to and lying between Cedar 
R iver and May Creek. 
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STRATJGRAPUL 

The following stratigraphic section was measured from the 
base of the coal series 011 Coal Creek to the top of the productive 
coal measures. Unmeasured Eocene strata extend above this. 

Top oc Section Feet 
:\IU>'sh·c IJ1·ownlsh gray sandstone nnfl int,•rhrddl'cl shnl,•s ...... :{()()4 
Bnnaecl gtRy s·Ju.11c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2;; 
i\tassh·e brown saml~tulw .....•........................... 11;:; 
Co:\I scnm •.••.............•.......•..•....•.... : . . . . . . . 8 
Ma!!Sh•c brownish gra)· sttnd•t•Hw .......................... . 
Da1·k gray shal«i .......... . ....................... . 
Bundcd shale ......................................... • .. 
Llghl grny coars<' "111111,1<,tw •...•..•••••••••..••..•.. .• ...•• 
Thick b~dded grn)· slrnh• .................•.............. , . 
Conl ,cam ............................................. . 
Shale .......................................... . ....... . 
Coal .....•.............. • ............................. . 
J,lghl gray "nnclslonc• ................................. . 
Grny :<ho le ............................................. . 

21 
10 

J 
07 

() 

Hrny snnclstoue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
Dark grny shulc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ 
:\La><~lv<' brown s11ncl~1011,• ...••...••....••.•.•.•••..•..•... 
Clay ... ..•. .... .•.........•....•..•..................... 
Mnsslvl' brown s,u1dstou1• .............•........•...••... • . . 
Banded shale an{] sancl,lom• ................. .• ............ 
Black shale . ... ......................................... . 

10 
3 

13 
37 
s 

C'oal autl ~b,1lc !muds..................................... 25 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. :.i 
Massive brownish gru.v ,antlstoo<>........................... 38 
Dark grny sbnll' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Coal scruu • • . • ...•...•....••••....... ........... .... , . . O 
S11ndy clay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O 
Banded snntli;tmw . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 17 
Banikil shalr . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . • . . 36 
Coal .....•... ........ ............... ....... . ........... H 
Dark grny shn l" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . . . 8 
Coarse l>rownl~h l(rny ~antlst<u,~........................... 36 
:\lnsslve gray shnlr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
C'oal . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 7 
)Insslve sencl$l1Jnc . . • . . . . . . . . . . • . . . . • . . • • . . . . . . . . . . . . . . . . -l 
Sanely shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 23 
Snodstonc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o 
Joterbecldecl ~andstoor und shah•................... . ....... S 
Coarse brownl;;h gray ~nndstone. . . . . . . . . . . . . . . . . . . . . . • . . . . . 10 
Gray shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
Coitl srnm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 20 
lllas~lvc brownish gm_,, snnclstono. .. ....................... 50 
Coal ;.cam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Massive brown I sh gray snntlston(' ...... , . . . . . . . . . . . . . . . . . . • . 9 
Sbaly saotlstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • 13 
Massive brownish gr:1~· snntlstom• ........................... 126 
Cool ~eam . • . . . • • . . . . . . • . . • . . . . . . . . . . . . • . . • . . • • . . . • • . . . 10 
Ma~slvc brownish J;l'll." r<ntrS(' grnlnvd Sl\ll(lston(' .............. ao 

Bas(' of ~,·~t ion 
'.l'Otol ...•...•• , •....••..•...••...•.•.••.......... .4055 
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GREEN RIVER AREA. 

GEOGRAPHIC DIS'l'RIBU'l' IO~. 

The region involved in this area compri cs nearly all of 

Township ~l North, Range 7 Ea t, the ca. tern half of Town

ship ~l North, Range 6 Ea. t, the south half of Township ~Q 

North, Range 7 East and the southeastern qunl'tcr of Town
. hip 22 North, Range 6 East. Thi. territory is drained by 
Green River in the central portion, Cedar Ri\"Cr on the north, 
and Wl1ite R iver on the outh. It extends easterly to the foot
hill of the Cascades and includes the low glacial hil ls of the 

east piu't of the Puget Sonnd Basin. In place the glacial 
co,,cring ha been in pal't removed by c1·osion a nd the nndcrly
ing Eocene sandstones and shales expo ed. The most extensive 
outrops arc along the canyon of Green River ancl in the smaller 
streams emptying into it. Tiger Mounta iu n.t Bayne and Sugar 
Loaf Mountttin near Durham arc bedrock hills of . and tone 
surrounded by deposits of drift. At the eastern margin of the 
region the Eocene scdimentaries pa. s beneath the Miocene and 
Pliocene lavas and tuffs. The contact roughly follows the 
western esC'arpment of t he foothills of the Casctulc l\Iountai11s. 

LITHOLOGY. 

The Eocene formation exposed within this nrea is almost 
exclusively of sedimentary origin. 1\1:inor amounts of ig neou. 
matcr iR1 occu r in the form of dike and ills which ,u·e probably 
post-Eocene in origin. They may have been feeders to the 
Enumclaw lavas which undoubted ly at a former t ime covered 
this l\rca. 

The sedimcntaries consist of sandstones and shides of vnry
ing characteristics. The andstones arc usually mas. ive and 
thick bedded with a brownish gray color wheu fresh. Often they 
exhibit cross-bedding. Certain phases a1·c very coarse gl'aincd 
and arkosic. One of tl,ese beds, as exposed near Franklin in the 
canyon of Green R iver, is almost 600 feet in thickness a11d is 
persistent in lithologic character throughout this area. 'J.'his 
belt is medium grnincd nnd ho.rel. When weather ed it assumes a 
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light brow11 colol' and forms almost vertical canyon walls. These 
massive sandstones occasionally pass into shaly sandstones and 
from that condition into sandy shales. The shales range from 
a dark gniy to a brown and from a massive condition to a dis
tinctly laminated phase. Narrow bands of all these types occur 
intcrbedded with one another. All phases may be seen in tl1c 
exposures along Green River. 

Intcrbedded with this series of sediments are numerous coal 
scams and carbonaceous shale beds. They vary in thickness 
from a few incl1es to fifty feet. The character of the coal rnnges 
from a bituminous to a low grade lignite. Within each scam 
there are variations in character from the base to the top. The 
different lithologic members of the formation including the ci~r

bona.ceous seams often change in composition when followed 
along the strike of the bc<ls indicating different conditions on the 
sea bottom at the time of their deposition. 

The intrusive dikes and sills arc narrow an<l usually inter
calated with the sedimentary beds. They range from a foot to 
80 feet in thickness. "When fresh specimens can be obtained they 
iu·e found to he very £inc grained and composed of labradorite 
feldspar and augite. The minerals are always more or less 
altered and the phcnocrysts are only slightly larger than the 
microlites of the ground mass. The rock would be clas ed as a 
bnsic andcsitc. 

Tweh,c of these dikes occut· in the canyon of Green River be
tween Kummer and Palmer Junction. Six others n.re on Con.1 
Creek south of Bayne. One of tl1e largest dikes occurs in the 
western half of Sections 18 and 19, Township tl North, Range 
7 East. It crosses the Columbia. and Puget Sotmd R. R. near 
the center of Section 18 and trends nearly due north for a dis
tance of one mile. It is OYerlain and underlain with Eocene 
shales and pitches with them to the west at an angle of 40° . 

STRA'-1.'IGRAPEIY . 

. The excellent exposures of the Eocene formation in the ca.n
yon of Green RiYer afford opportunities f01· constructing strati
graphic section of the series. In the underground workings of 
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the coal mines as well as at many localities both to the nol'th and 
south of Green River partial sections may be measured which in 
many cases can be directly referred to their t rue position with

in the complete section as exposed along Green R i,·e1·. As a 

result of such field studi es it is possible to subdiYidc the Green 

River Eocene into three Jithologic unit s. The terms Bayne, 

Franklin and Kummer series have becu applied. These sub

di,~sions can be recognized only locally Md cannot be u ed for 
lithoJogic correlation purpose. . For thi reason it wou ld seem 
best to regard them as member and not formations. D etailed 

surveys have been made in Green River canyon and the lithologic 

variations from t he base to top of each member hare been de
termined. 

The lowest division, or Bayne member, consi:its of a pre
dorhinating series of sha les together wi th subord inate iunounts 
of sandstone, sbaly sandstone and ca rbonaceous beck It has a 
thickness of. over 3,000 feet a,; measured along the canyon of 
Green River from the center of ection 17 up the ri vcr to the 
cast line of Section 8, T ownship !'ll North, R ange 7 Enst. The 
top of t his member appears at the Franklin wagon bridge ti.t the 
contfLct \\' ith tl.1c Franklin sandstone member. The following 
section was in part measured by the writer in connection ll'ith an 
investig ation of the King County coal fields : 

il'l'HA'l'I G HAl'I I IC 8 1':CTIO:- 0 1•' 11 .\ YN I•: )Jli:~IEmn. 

'i'op o f Sect Ion. F 1,f 

Hrnwol" h g 1·il)' ~1tnds1on!'. sonww hoi hu udcd ................. 1:~;; 
Gray suudy shnle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .I~ 
f'onl aud cu1·1>onucenus mnLPrlnl .. • . • . . . . . . . . • . . . . . . . . . . . . . :;;, 
Gn.t~· 8iwdy !.llnle..... . ....... . ...................... .... 1n 
C'overrcl . . . . . • . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • . • . . 40 
,\lternnting beds of Rimi!' carllon11 c!'Oll:< :<lrn l<' and s1u1dr ,;h111!•. 128 
-;\[ossivc grayish brown sond~ton!'.. . . • . . . . . . . . . . . . . . . . . . . . . :.:! 
lutcrhcdclecl suu<ly shales nod tu 1·uonncco11s s<'t1nw............ :)0 
)1nssh·e brownish 1trily cou L'~e g rnin<•O :u,ncli..tnnP. . . . . . . . . . . . . ~i:. 
Corllonac.."Cous. ~eam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i 
t:l'lly 1<nndy shnlt• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • :.!i 
Cnrbonoco:!ous se11 1u • . . . . . • . . • • . . • . . • . • • . . • . • • . . • . . • . . • . • • () 
Al ternat ing beds of s1rndy shnlt nud curbonaccou" s,•0111>. .... ;;;; 
Snndy shnlc • . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . • . . . . . . . . . . 2 
Brownish grny bn.ndcd sandstone.. . . . . . . . . • . . . . . . . . . . . . . . . . :!:! 
Gray sandy shale . . . . . . . • . • . . . • . . . . • . . . . • • . . . . . . . . . . . . . . . (il 
Car bonaceous ~~nm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
Sandy shale •... . ... .. •..• ................. : . . . . . . . . • . • • :?4 



The Tertiary Formations of JI' es tern IJ' ashingto11 113 

Top oc ~N·tlon. 
)ln-.:~1vfl hl'Ownlsh µrn~ ""1n 1Hl~tqth1 ••••••••• •••• • ••••••• • •••• 

1:rx .1· hnnd(•d s11111l.r -<h11h• ••.••••.• . •.••..•••....• .. .•••. . •• 
.. \las~lv~ brownish ,-."1·ar l'OHJ':--t~ .::rnhu:d snnd,tmw ............. . 
Shale nnd <·ttrhonncenus S\"\1t rns •••••••••• . ••••.••••••••••••• 

:\lnsslvc h ro wuish ,:l'Or •11 11d•lom• ••. . ••...••...•.••.•• . ••.•. 
lnfC't'heddc•<I bt1ndPt.l ;:ray shftle nod C'Hl'l1oun ctlOU ~ ,-.l nrn:,c . ..... . 
:\lu•sl vc gruyl8h llrown conr~1· g1·11 1tw d ~,rnci;:t oup •.........•... 
int('rhrdcl<,d sbnl.r •0.1Hlslon" nnd 1·11 r b<•unc<•(mfi ~,·1'1111• ..•••• . .•• 
)in:<s l1·1• hrnwnlidt ~ ra.,· c1,.1r:<1• i:rnlnl'<l •11mblo 111• .•••.•.•.•••• 
~1111d.1· s l111 h• and c 1lrbOlllll'l'O\IS Sl'!\ 11\S ••.•••• , ••.•••••••••••• 

("our:w massivf' hrowui~h s:,l'HY ~nu(lstont• . ... . .............. . 
BnndNl i,:rn.r s11nd.1· :<hRll' ..................•.......•....... 
,a. rhonal'\'011~ ~N1U1 .. . .. ............. . .................. . 
Haudr d sand.,• ;:h11l1• ................... . ...............•.. 

l:!H 
:!H 

Jlj 

;;o 
-Ill 
1ti 

Hrownhd.1 grn~· <·oar~c ~rnlnP4 l :-.:1n1l~tun,•... . . . . . . . . . . . . . . . . . 4U 
ro tcrb~tldcd ~,rnd.r shal P t1 11d <·nrhn n11,·r·1111s ,,·~ ms •.••..•••.•• Hm 
)lu~~h· · 1JrowJ1tsJ1 J!'l'llY coar~<.' ~rnirwd ~anclst,1rh............... 1no 
Cnrbonaceous scnm nnd :-:;and,\· shO IP........................ :i,, 
) la...;shTt' l>rownish g1·:1y sautlsto11P. . . . . . . . . . . . . . . . . . . . . . . . . . H4 
Str:ltltl~d sandy slllll l·...... . ............................. -1-l 
i tn>1slv(• hrownlijh l,'l'IIY sand~l,1111•.......................... 110 
lntcrbcdd~d ~,tndy s llllle and c11rh,1111t1c1•n11~ ,,•11111~............ -I" 
M.ns:dv~ brownish gra ~ ... c·oar~I' ~rnh11•d .. nnd:,;lon1•... . . . . . . . . . I ~:t 
HutHlPd ~nndy SL.11th• itllfl ('Hl'ht>Ull<'(10U:O- :-;••nms .......•....•... 1:ii 
HandPd l'\'l'OY s11nds1·01w. . . . . . . . . . . . . . . . . . . . . . . . • • . • • . • • • . . R" 
Jntflt'IJl1ddNI ithnh~. S.:HIH1)' ~hnl( .... :. un<I <·uni ~Pn tn:o: ....••..•...•• :.!-Hi 
)fft~~I v~· hrownJ:-:h µr:, y AAn<l~tonc,~.. . . . . . . . . . . . . . . • . . . . . . . . :.:; 
t·ou l S\ .. ltm . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . . . . . . • . . . • . . . . • ti .,, 
Browo g 1·:l,\' hnn<fl.-.d ~,tnth .. torn• ............ . .....•. . .... . ... 
r'onl ~un1 .................. . .......................... . 
:\lns~lvf' J:l'il) !'tUlldi,;touP ... .......•................••...... 
I hl D<lt"cl J,?rny ~n ndy ~hult_i . •.............••................ 
nundt'd ,trny i,,.:-1nclsto1w .........................• . . . ...... 
lni,• rhf'<lcln l grn.1· shnh• 111111 ~orh111111t,•0 11,; ~,·r,m,; ..........•... 
Hrnwn(ijll i;:ra~· son(l,;l,1or •.••...•..•...•.•.•.••••.... . .•• . 
C't\l'hOlllll'C()\1~ >!<'1111\ ••••••••••.••••••••••••••••••••••••••• 

)ln,;~lv(• b1·ownish i;rur suocls tone .................•........ 
:-light Ir mt'lnmor11llosrd snn<lstone ......... • •... . . • ........ 
.\ntl(•sit~ uud bakrd san<l~ton,, ........ .................... . 
:\IIH-•ll·r hut soml•wl1111 hnk t•d ~nntlswur ••..•.•••••••..••.•.. 

H11.~,· or ~t'tl 1011 

.,-_, 

21 
ll 
:w 
:in 
1:t 

:!l 
:!t; 
1:; 

Total ..•........... . ... . ... . ..............•........ ::011!1 

The Frankli11 member is composed of massive sandstones 
with intcrbcddcd sh1de. nn<l carbonu<·cous scams possessing a 
thickness of o,·cr thirty-six hundred feet . The basal portion 
of the series consists of tL belt of massive coa.rsc grained brO\rn
ish gray sand tone hm·ing n thicknes,: of 600 feet. It is typic
ally exposed at t he Franklin bridge. r.rlte upper portion of the 
Franklin series contains the most imporbl.nt seams of coal mined 

in the c1istrict. The following stratigraphic measurements of 
this series hnve been made: 
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Stratigraphic Section of Franklin ~lt!mber as measured 
on Green River. King County. J.'eel 

Bony coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Stt·atified sandy shale....... . ........... . .... . ........... 20 
:-ihnly gray sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
InlcMtratlfled shale and carbonaceous shale. . . . . . . . . • . . . . . . !) 

Brown ma slvl' sa nd:tone...... . ...... . . . .. . .... . ......... i 
Gray i;halc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
llard shaly carl>onaceous lied .. . . . . . . . . . . . . . . . . . . . . • . . . . . . . \i 
Xoduh11· sand~· shulc. . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . ~ 
Interbccldecl ~hale ancl carbonaceous shale . .......... . ....... :n 
[,amiuated sanclstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . JO 
Xodular gray shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . li 
Bat1cled gray sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2'.1 
Banded gray sandy slrnle......... .. ...................... l3 
Banded grny shale. . . . . . . . . . . . • . . . . . . . . . . . . . . . . • . . . . . . . . . 10 
CMboaaceous scam . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Carbonaceous shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Bandecl sandy . hale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ao 
:\I assive brownlish gray .saudstonf~.......................... 2H 
C1ubooaceous shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
i\£assive sandstone . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . (j 

~odUhlr gt·ay shnle.............................. . .. .. .. . . • 
B,rncled gray sa odstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :lO 
Ugh r-bn)wn mcdlum-gralnccl ,:aodst·on~ ... . ......... • ....... J :.o 
)lassive brownish gray :;a11clstone .......................... 20:. 
Covered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 204 
Massive i:rn.,- s1111clstone. . . . . . . . . • . . . . . • . . . . . . . . . . . . . . . . . . . 58 
Intrusive sill of ouclesite....... . . ... . ... . .............. . .. 10 
Carbonaceous scam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 13 
Banded ooclular gray shale.. . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . (j 

fntcrl)e<lded carbonaceous seams and shale........... . .. . ... 24 
Bande(l gra.1• 1<andy sha le....... . ............. . ...... . ..... 15 
B1·ownh;b gray moi;.~lvc sand~tone.... . .... . ................ 23 
Bandecl !,'I' ll.I' sa11dy sbalc.. . ... . .. . .... . .... . ......... . .... 12 
Carbom1ceous seam llilcl shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
)Iasslve brownish gra)· medlum-gralued sandstone...... . ..... 3 
Ioterbedded sandy ancl car.bonaceous shale . ........... . ..... 25 
Massive I.H·ownisb grny sandstone. . . . . . . . . . . . . • . . . . . • . . . . . . 74 
Carbonaceous seam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 2 
)fossl ve brownish gray sanclstooe. . . . . . . • . . . . . • . . . . • • . . . . . • a 
Gray shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 17 
Carbonaceous sbale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 6 
Banded gray shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
:\Iasslve l)rowolsh gray sandstone. . . . . . . . . . . . . . . . . • . . . . . . . . (j 
Banded gray sandy shale. . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . :2:1 
Ca1·booaceous shale . . . . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . . . . . 6 
Massive bt·ownlsh g rny sandstone ........ . ....... , . . . . . . . . . 13 
Bnnded gray sandy shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4!'i 
Brownish gray massive sauclslon................. . ........ . . 92 
Baocled bro"'nlsb gray sandstool'. . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 
13nndec1 gray shale. . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 11 
lntrt1slvc sill o( a ndcsitc . .. .. .......... . ...... , ... .. ...... lO 
COVN'Nl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Massive brownish gray sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . 24 
!3ancled brow11isb gray sandstone.. . . . . . . . . . . . • . . . . . . . . . . . . 17 
Randecl grny sandy shale........... .. ... .. ............... l2 
Covered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 37 
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/.'( (' f 

Uuncfo'1 hrownish ~rur si1nd8tou c- . . . . . . . . . . . . . . . . . . . . . . . . . . 1 :.! 
C<> n'rN I ....... ... . .•• . ••. .. ••• .. •••••.. • . • .. ••• •.••• • .. :!4 
J3flud,•cl h 1·u w11ish icrrn .,· s111Hlsiont'. . . . . . . . . . . . . . . . . . . . . . . . . . . '.!II 
Bnnd~cl ,:ray ~nntl;r :,:hnlr·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :;o 
(

1 f) V(' J't.'d , , , , , , , , , , , , , , . , , , , ... , , , .. , . .• , • , . •.••••• , , .. , , :!fJ 

Huntkd ~r:w ~and,-imw ...... .. ... . ................... . ... '.!l.l 
Ha 11d1•d J!rtl.\' :-1Hndy :,;hu ll•, . ... . ... .. ................... .. . :,h 
c;rar s,tnd> shnlt' ... ... . . .. .. . ........................ . .. . 1s 
lhtndNl g:n\) ~u nd:-= too.-,. . . . .. .. . .. . .. .. ... .. . .. .. ... .. :!k 
lfand!•(l Nlllld.V ,.h ,11 (• •• , •. . , •• .. .•••••.•••••••• • • •. , •.... , l(; 

(°()RI ,.,.n nt • . • . . • . • . . . . . . • • . . . . . . . • • • • • . • • • • . • • . • • • • . • . . • I I 
lnl t•rl ,PddN I luy,,1·:,: or :,;halt~. :,;n11<1~· ~hnl t·. curhonn(·f•«;n1:,; :-Ct"'Hm:. 

111111 thin buull~ o ( ,.11111.v san<l8lOnr .................. . ... 1!11 
) tn.s fth'l' lJrowuifo:h gru,,· snndsaonf' . . . . . . . . . . . . . . . . . . . . . . . . . . :!Ii 
HnndNl ;trH) ~andy :,;hnlt•.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i 
:'o[t+clh11 11 g1'u int1,I hrown h:h ,Ar:1y ~n11d~ton,\,.................. '"'~ 
('1;al ~Pn tu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

nu1ul,:d nodulnr g n.1 .v 251111,ly :,;.lwlt•................ . . .... . ... :.s 
Cnrhollfi<.·t•ou:-: l1(•d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :::,; 
(}rit)" shnl.,· s1111d-:;1o n1• • .••• .. •. . .••..••••.••••.••• •• •. . .•• 

Mnss iv~ 1:rt,y l,rownish ~1.u1dst <.\UP. ... . . • . . . • . . . . • . . . . . . . . . . :!:-, 
fntl'1°hccldctl ""n<lY sll nt,, 111111 ><hn lr ~nnclxion,•.... . . . . . . . . . . . . ,!I 
Urn.,· t,u11c1 .. ,1 • nt1(l~· sh nit•.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ;s 
l n t l'U ~IVt' '=ll l of nndt1slh• ...... . .......... . ........... . ... f 
~lightly mt- h1ntol'J>ho:i.l.,rl s hu lc•............................. :~:! 
l n trn•lvt• $Ill of ltn11l~· u lh·r~d nndesit1• ........ . .... . ....... 11~ 
Rnncled ~'l·n.,· >'flu<lr shnh•. . . . . . . . . . . . . . . • . . . . . . • • • . . . . • • • . .. .• 
Bnnd,•d bro wu i~lt ,::rny snuds tour. . ...... . .. .. . .. ... '.! .. 
llflnded sntnly "hnlt' .. ... . ......... . .. . ...... .. ......... . . tfJ 
HandPcl hro wnis h ~rny ~llO(ls ton,,....... . ... . ........ . ... . .. 1n 
) [ n ~i-:h't' hrownb:11 ;.rrny 8llndsto1H-... . . . . . . . . . . . . . . . . . . . . . . . ., , 
U:lndrd grt,)' :-:uUd)· ~httlc-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . :?:: 
fnt~rlll'lldt•d carhouuc1•ous ,wnm with ~nmly ><hnl ,•,,; . . . . . . . . . . . . ,i
Hnnded !!L'UY sand.,· shale .. ... .. ....... .. . . ........ .. ... . . H 
Massive brownish ):'rn.,, i,nn(lston,· . .. ...................... . .Jt: 
Cnrb<>nncco1111 Renm . . . . . . . . . . . . . . . • . . . . . . . . . • . . . . . . . . . . . . JO 
H:todcd gray sondt Nhnlc . ............................. . .. :H• 
t'ovrrt•<l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ., .• 
Curhonilccous srnm . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . ., 
Dnnded grny sandy ~hnl<' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . ~~ : 
co,·ercd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .i, 
:\l nss l\•p hrowni~h grn.,· ><nnd~l()n('............. .. ............ H 
Cnrhon11 cro111< H,•1t111 . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . (i 

BnndNI g roy slUHly sh»t, •. ......................... . ..... . . 1:; 
Ba n<l,•cl hrownlsh grny ><llntl~tonc with iutPrlwclch:cl ln.n•r>< of 

shn ly snnds lont' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11!1 
1 ·ov<' rcd . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Hl'i 
fln nded grn.1· ><tUldy shnlc.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Jo'r nnklio ,mntl~tOn<' 1ti:h1 :,:'t·11.,·i1<h hrown color and nwdit1111 

grnhi<>cl .... . .... . ........•... .. .. .. .... .. ..... . .. .. • :! 10 
Baile 

Totnl ... . ... .. . . . .. .................... . .. .... ... . ;;:;;;1, 

T he uppermo:st tli,·ision of the Eocene scdimentaries n. ex

posed in Green River cnnyon C'Onsist s of a predominating se ries 
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of coarse grained light colored . and tone:, together with nu
merous interca lated strata of shale and carbonttccou beds. 

T hey possess a thickness of about 1800 feet and arc de cribcd 

as the K ummer member. r\t the base of this serie there is a 

light colored massive sandstone having a thickness of 475 feet . 
The entire Kummer member is involved in a ync1ine with the 
basal sandstone of the western li111b re. ting in the eastern half 

of Section ~6, Township ~l North, Range 6 East. The fol
lowing . trn.tigraphic . ection has been mea lll'Cd: 

Stratigrnphic , ction of the Kumnm )!ember. 

'l'op of s~ction J,'('I' ( 

Banded snndRtonc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Alternatinl! bedR of shnlt'. sandy shale !lllcl carboooc~ous seams 91 
Mnsslv~. hrown. ron 1·~~ ,:!t'n lnNl s1,111<ls 1on~ ....... .......... .. :;~o 
eovr re(] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . a;; 
\'oal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . • . . . :'.! 
~hls:1lv~. hrown. conl'sl' g ralnt•cl snntlsto1w................... :io 
Oark gray ~11111.,· ~aodstonc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . I :? 
)lusslvc. brown. medium grained sandstom• .... .... ..... • .... 100 
Coal and ca l'bonaccou!< i-balcs.. . ................... . ..... . . S 
f: l'fif sn n<ly i.hn I~. . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . • • . . . 60 
1:rn.1• shale . ......... . .. .• ............. .... ... .. ..... •. . 11:l 
Coa l · Sl·am . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . • . . . . . • . . ::? 
:Ua~:;h •p hl'own gra.v co111·s,• Kra lnc•d s nn clslonr. . . . . . . . . . . • • . . I (;:; 
( 'oa1 scam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :{ 
Shale . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . :30 
Conl se,,m . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 5 
Durk grar shnl~. . .. ... ..... .. .... ... ....... .. ........... :;r; 
Coal sc,1 111 . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . -1 
nrownlsh g rn.r snndstonc...... . .. . ........... .. ......... . . i 
l•'lrc c lay . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • (i 

Coal seam . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 6 
~Jnsslve brownish gray coarse 1!'L'l\lt1ed sands tone ...... . ...... 47;; 

Rase or SN· tlon 
Total ...... .......... .. . • ........... . ............. 1 ;r,R 

No strata of purely marin e origin have been found in the 
Green .R iver a retL I n the Bu_ync member, species of brackish 
water mollusca are occa ionaUy found. They are in a bad 
tate of preservation but belong mostly to the gcnns Corbicula. 

No subdivisions of the Green R iver Eocene can be formed on 
a basis of the brackish water molJuscan fauna. The speciei
occurring her e fu·e common in a ll the brackish water zones 
interbeddecl with the marine T cjon occurring farther to the 
southwest. F ossil plant ren1ains arc abundant at many locidi
tie along Green R iver but there is insufficient knowledge con-
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cerning the species to warrant using them for correlation pur

poses. 
GEOLOGIC S'l'Dl'CTt'REl. 

The geologic structu re of this ar(:a i1, very complex. De
tailed traverses tied in by trnnsit surveys were made along 

Green River from Section ~8, Township ~l North, R ange 6 
Ellst to Section 18, Township !'ll North, R ange '7 E ust, a dis
tance of over se,·entcen miles. Stratigrnphic sections were made 

throughout this entire traverse. All the variations in strike 
and dip we1·c recorded in their exact position along this trnverse 

line. TJ,iii line und all ob ervation tied into jt have been platted 

an<l may be referred to in the report ou the Kiug County coal 
fields.* 

Ob ·er,·ations on the strikes und dips haYe been taken at 

all points where outcrops "'ere found to occur, either above or 

below g round. From the results of such data it has been pos
sible to determine the approximate strncturc which the Eocene 

·edimentnry formations now assume. 

The broad gcnernl features of the structure consist of a 
series of nearly parallel anticlines and syncline,; pitchi,1g to the 

south. Their average trend is North 20° East. One brond 

sy,1cline begins on the boundary lfr1c between Hanges 6 and 7, 
Township 9l l North, in the vicinity of Sections 7 trncl rn. This 

syncline a, ,erages about two miks in widtl1 and at least six 

miles in length. At least six parallel anticlines and I\S 111tiny 

synclines lie on the cast side. One 11,nticl ine and one syncline 
lie on the west. ·vvhat the structure muy be beyond, to the 

west, cannot be determined becnu c of the absolute disappear

ance of the Eocene formations beneath a very thick covering 
of glacial. drift. These anticlines and synclines in the vicinity 

of Ceda1· River, to the nortl1, al o disappear below a very thick 

covering of clri~ irnd only 1·eappear in the vicinity of T aylor 

and R aging River. 

• A 1mrl o! lhc work wM u.ndcrtnkcn b~' 1 he ,vrlter (lu ring che sN1son of 
LOOO nnd the details are to be foun<l in 1lt~ m11p~ accompuny1ng a report on tb,• 
coal !Md of Ktng (;011uty, Bulll'tln N1>. 3. Wnshtu~ton G<'ot. ~nnry l!H 2. 
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In addition to folding, the strata hnxe bcC'n cut b)' numC'r
ou foul ts, the most prominent of which t1·end. in a . inuou 

manner nearly ca t and we t and has dislocated the strata nearly 

at right i.utglcs to their strike. This fault appear to begin in 
ection 21 and to extend westerly through Section. ~O and 19 

of Township 21 North, lfange 7 Ea t, into Section 2-(;, 13, H 
and 15 of thC' tO\\'D, hip immediately we.:, t. 'l'liC' di :location lllong 

this fault plane ha. been clcfo1itcly . hown in the unclcrgrouncl 
working1, of the Franklin mine nncl in the cliidocate<l position;: 
of the big licitvy massive Franklin sand-tone adjttccnt to the 
fault plane. Numerous minor faults occur in this region. 

CO~l'l l' l' IO:XS Ot,· 1wa·O~l't'lON. 

The Eocene scdinicnturies of the Green Hivcr ,irea as well 

as those in the Pierce Co11nty coul field arc of shallow water 

origin. They were deposited in 11.11 c:=;tuari1w lmsin whi<·h clm
ing the progress of Eocene time wa,; in a st!ltc of d iffe rential 
oscillation. The 1·esults of these diustrophic 111oven1ent:; arc to 

be observed in tlie alternating <·harncter of the sediments ,.incl 
in the numerous interbeddcd coal scams. Some of the lower 
grndc scan1s tlttain >l thickness as gl'(i,lt 1l fifty feet. 

CEDAR l\COUNTATl\' AREA. 

GFJOGHAL'lllC D!S'J'lUBU'.l.'10:-. 

Thi;; 1t1·c1l is situated within Cedar River Yallc_v in Section. 

~9 and 80. 'l"o\\' nship is North, Runge 6 East. The :,;urround
ing country is ,·c ry heaviJy covered with glacial drift. Three 

miles to the north, the basalts of the Nc11-castlc anticline out

crop and five n1iles to the west the Renton coal measures ap
pear. Expo;;u 1·cs of this formation arc well dc,·elopcd in the 

hanks of C'cdar R iver in Section !'29. fn Sedion 80 the strnta 

arc well dc\'t~loped aJ011g the county rond and in the hill ju t 
south. A n11mhcr of coal scams occtu· iJ1te1·bcddcd with snn<l

stoncs and shales trnd these hnn~ been opened up by II series 
of un<lcrgrouncl tunnels. 
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S'rRATJGRAPllY. 

The Eocen e format-ions in this region arc composed almost 

entirely of scdimcntnry rocks, consisting of sandstones, slu1lcs 

and carbonnccou,; beds . 'Tl1c total thickness of the strata ns 
measured upon the surface is over two thousnncl feet. T he 

lower eight hundred feet of the section contain the coal scam . 
The upper half of the section is predominantly shal_v. The sec

tion as a whole is lithologically soml!wluit similar to that ex

posed at R enton. The follm1•ing strntigrn.phie section has been 

mea sured: 
1:>trutil:'ru11hlc ~\·ctlon IL< ml'aij111·,;d ut ('cd,u )lonntnln nlong ,·ouuty rond. 

Top or Section Feet 
llnncl,•d gray sbah·~ ................... •. ................. . l 20 
llro"•n concrc;tlonu1·)0 slinlu . ................•...........•.. ft70 
lntcrbcddcd shale ond snndy shotc .. .......••..........•... -100 
Rrown son <IRton,, .. .. .... , . .. , . . . . . . . . • . . . . . • • • . . . . . . • • . . 8 
lott> l'lt<>cldccl snn1lsto1w a.ml shalt>. . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
Bnodr•d snmtqtont' nnd ;,111111'. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • :! 
('t):11 • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 12 
I.Aghl ffl'O.Y m"~slvft ~unclsto.n<' ............................. 4fi 
('o\'Cl'\'d • , .••• , , ..• , , ••.••• • , . • . • • • • . . • • • • • • • . • • • . • • • • • . 18 
Banded sand~· ~hnl ~ ...... , ...................••....... • . , 00 
rovered . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 
llanu"d brown lab grn,1• ~hnJc. . . . . • . • . . • . . . • • . . • • . . • . . • • • . . 28 
llrownls h grny conrsc gralnt>d ~andstou,• ....•..•..•.•... , . . . 2;l 
Bnndrd brownish g,·,r 11.hnlt•........................ . ..... 12 
~[ns~h1e brownish grny snnclstonc . . . . . . . . . . . . . . . . . . . . . . . . . 22 

'l'otnl ............. , , .. , , ..... . ..... ... .•.. . ..••... 1402 

OEOLOGI C $'l'R1C'.r!lll l~. 

In ection 20, 'l'o""nship 28 North, R ange 6 East, the strn.tn 
hnve a strike of North ~0° W est tind dip to the northenst. In 

tbis particular locality they nrny represent the' southwest Limb 

of a syncline whose axis lies sorncwhcrc soutl1west of May Creek 
ancl trends northwest to southeast. If so, the north limb of 

the syn<'linc sbo11lcl reach the surfac·c along the valley of :\lay 
Creek. 

South from Section 20 at Cedar i\ lountain the s trike swings 
and becomes. more nearly north and south and in Section 30 

becomes Nortl1 45° East with a southeasterly dip. The strnta 

of Cedar l\fo1mtain arc possibly involved in the nose of a south
easterly pitching 1mticlinc, ttnd arc more or less dislocated by 

faulting. 



UO Bulletin No. 13, ll' ashington Geological Sw11ey 

RAGING RIVER AREA. 
GBOUR.H'Ul ' IHS1' RlBt:'DOX. 

Eocene dcpo it occurring within this area arc coufincd al-
1nost entirely to Town. hip 23 North, Rimge 7 East and the 
north half of 'l1ownship 2~ North, Range 7 East Raging 
Ri\'cr Valley beads in the southern part of Tomi hip 923 North, 
Range 7 Ea t and extends nearly due north to the Yalley of 
Snoqualmie River. .A. few urface exposure. of and tones and 
:hales occur but the greater part of tl1e area is deeply covered 
1ri th glacial and and gravels. rrhe Tock outcrops nre confined 
chiefly to the small canyons along the ntlley slopes. The floor 
of the valley is entirely covered with drift. Elevations in this 
region range from 1,000 t o S,500 feet. The ent ire HreA is cov

crecl wi t h a clense growth of forest and underbrush. 

s·rUA'rlGHAPJJ'.{. 

Exposures of Eocl!ne rocks occu r a,; 1l ndc in s111all di:;co11-

nected patches rendering it diffi cul t to determine the relation 

of one outcrnp to t1.llothe1·. Sandstones and shnles outc rop in 

the beds of t he C'reek:s west of Raging Ri,·er between Preston 

and Kerristo11. L ow g rade coal and carbonaceous bands an: 

interbeddecl with the sedimC11ts and sevcrnl .vcR.rs ago were pros
pected. All of these mH.terials have been invaded by clikcs of 
andcsik tu1<l rhyolite. Nearly all the coal sean1,; arc 111o re or 

less disrupted and in places baked. Such exposurei; as occur 

along the divide between R aging River and Issaqual1 Creek 1ue 
composed of a brown ish yellow badly altered igneous rock. Some 

of t he fresher speC' imens upon exa111ination a 1·c found to be a 

rhyolite intrns iYc. T o the north of Taylor the clikes a1·c andc
sitic in <·harnckr. [t is possible that these intrus ives !li ft)' be 

in part contc111pornneons with t he Eocene deposits hut pre

sunmbly the greater proportion of 1rnch outcrops arc a pust of 
the igneous materials which were intruded in the near vicinity 

during the upper ~I ioccnc or lower Pliocene. The gi·eH.tcr pm·

tion of the ridge between R 1tgi11g 1tnd Snoqualmie ,·a.lie.vs is 

com posed of anclesite and tu ff s bdongi ng- to the E1111111 cl11 w Yol
<·an ic Series. These lavas cover exten,; ive areas from the foot-
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hills of the Cascades to the summit of the range. It is quite 
possible that these dikes iirc remnants of feeder,; to these late 
i\fiocene flows. 

The sandstone arc bro\\·nish grnJ in color, medium grninecl 
and in places cross heckled . T he shales grade from a clayey 
condition to a bande<l ,;andy shale. T hey Me best ex posed in 
Sections 9, 16, 21 and 26. They also outcrop in Sect.ions SQ 
and 33 and continue into the township immediately south where 
they nrc well developed in the vicinity of the Taylor coal mine 
in Sedions 2, ,!. ancl 5. Shales m1d sandstones with int.crbedded 
coal i5eu111s occur on the divide between Snoqualmie and Raging 
R iver vn.llcys in Sections 1 and 12, Towni.hip 23 North, Range 
7 East. No very rlc:t1lilcd stratigraphic sections can be meas
ured with the exception of those exposures occurr ing within the 
Taylor mine. In tl,c main crosi:;cut tunnel of the mine a cross
section of the strata is as follows : 

)l11s><lw cour,;c g1·nl11 ,·<I sund~tou~ .............••.•.•.•.. . .. 
!'onl ><1•nm ..••.•••••...•••••••••.•...••..••.••..•.•••..• 
llnrcl i:rny clay sha lt' .............•......•••....•......... 
~Ins~lvc shnly snntlston~ .. . .. . ....... ... ................. . 
C'arlloooceous sandy sbo lu ..............•.•...........•.... 
nul'(l mR~81vr snndy Nhn lt• •...... , ......... . ..... . .....• . .. 
C'o11I scam ....•......•........... . ...........• . .....•... 
)IILijSlvc 81ln<lstonc •..............•......•................ 
Conl :-.earn nu1obt•1· ~tt,·Pn .... ................... . ........ . . 
Shal,• ..................... . ................•........... 
M ru,slv~ t'Ollrl<I' gralnNI snncl sto1w .... ......... .•.. . ........ 
Randy ilhUI<' .•••..••.••••.••••.•...•..••..••.••••.•••••• 
li.,'11C01lS lllk<• .....•..... •......•. , ..... . ..............•.. 
<'orhouaceous sN\111 ••••••••••••••••••••••• . •••••••••••••• 

I gurous di kc ......•..........................•.. . ....... 
C'o,11 scnm . ........•..•.•.••••..••.......•••••••.•..•••• 
~l\Olt• .... . ................. . .. . ..... . ... , , , . , ..... , .. . . 
C'onl Sf'UIII .......• .......•....• ..•...............• •..... 
Shalt> conll1lnl11g lwatklsh wnl r r fo><slls . ......... ••.•....... 
('on t ~~U ITI ...• - ••••••••••••••...••.••..•••..•.•..••.•.•• 

13rown sh111,, . ••••••••••••••.••••••••..•..••..••..•..•••• 
llord masshrp sanclstonl' ..•........ ... ..............• • •. ... 
n nnil<'cl sandy silo I <' .........•...•...•••....... .. ........• 
Ll,;;bl colorNI plastic dny ................................• 
Durk grny sllnlP .................... • .................... 
l'onl ,;cnm. cut by lgnl'Ous lllk,• ..•..•........ . .........••.. 
l.igllf ~'l'IIY mnsslv(' sondsronc .•••.....•... . ..........•.... 
('0,11 seam ................................. •... ......... 
r,urk gray shal<' ............•......•• . .........•. . ....... 
C'onl seam ..........•...... . ........•.............•....• 

l•'i•t•I 

!):? 

HI 

27 
7 

ISi 
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Tot> 1,·cct 

)!assh·c sandstoo(' . . . . . . . . . . . . • . . . . . • . . . . • • • . . . . . . . . . . . . . !);; 

Dark gray shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Massive sandstone ........ ... . • .. ... .............. . .. . ... 
Coal seam ..... ........ • ..... • ..... • ... ......... . ...•.. . 
igneous dike ................ • ...... .. ...•....... , ... . .. . 
Stial.r snnd~lonc ...... .. . . ... • .............. ...•....... .. 
Coal ~Ntm • . ............•........ • . .. ........ . ....• . ••.. !) 

~lnssivc dark grn.1• ~and.r ~bale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . JO 
Banded soncly shale. . . . . . . . . . . . .. . ........... . ...• ..... Ii 
Massive s1111dy shale. .. .. . ...... . ........... . ....... . ..... :17 
~hale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Saucl.r shah• ............... .... .. : . . . . . . . . . . . . . . . . • . . . . . l :! 

Carbonnc~ou~ ~Mm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
~·au(l~t shHlc . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . t 
Mas. lve sllaly sandstont' . .. .. . .. . . . .. . .. . . . . .. .. . . .. .. . .. . !1 
:.rnssive sra~· shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . :! 
'l'hinly brddcd shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i 
Massive gray shale.. . . .... . .... . ...... .. ................. H 
'l'hinly hedded shah•...... .. .. . .............. . ............ 12 
Shnlc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 1;, 
)fnss i1·(' sandy s lHtl l' ...... • ..... •• . .• .•.. . .. .... .. •. .. . ... 17:i 

'l'o tl\l ............... . .................. .. .. •. . .... HH 

'l'he sedimentary strata are of bn,ckish water origin. Ko 
marine fossils arc known. The most common species a.re Batis.w 
newberryi W hite, Cyrena hreviden.~ VVhitr 1111d Corbicu,la pu.g et
ensis \l\' hite. These species a.re characteristic of the estuari ne 
Eocene of western \¥ ashiugton but give no due as to 11·hat par
ticular portion of the upper Eocene they represent. 

Gl•:OLOGH.! S' t' Hl 'C'.l'l' HI':. 

The well defined antidine extending easte rly fro111 L ake 
W ashington past I ssaqu ah to Grnnd R idge apparently flattens 
out in the region between I ss11qual1 and rr aylor and clen ~lop,; 
into a co111plex series of ~mall anticlines and sy nclines. This 
complex folding has be~n further complicated b_v much fau lt
ing and the stl'ntn have been bad ly dislocated as the result of 
numerous igneous intru:a;ions. In TO\rnship 9l8 North, Range 
7 Eas t, the strntn have been so badly disrupted ns to make it 
impossible to cletcrmi ne any well defined structure. The west
ern lin1b of an anticlinal axis appears to t rend about North 
35° W e. t through Sections 9l~, 16, 9, 8, 5 ,rnd 6. Nurnerous 
strikes and dips l1avc been rccor<lecl : many of them arc at 
variance with one another, but the majority of those taken on 
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outcrops that appea r to he least distmbcd, possess a south

west erly <lip averaging 35° . To tlic wes t of the sc(.Li111cntnrJ 
outcrops just mentioned, the only pre-glacial formations ex

posed 1tre a few scattered outcrops of badly altered igneous 
rocks occurring i11 Sections 17, 18, 19 nll(l ~O. The areal dis

tribution of these lta:; been indiC"ate<l upon tbe 1\ccon1punying 
ump and while no clefinite statement nm be made, yet the re

lations of the sc<liu1cntaries to the igneous suggest a fault 

trending North 1.5 ° ·west. [f such a fault exists the sedi

ments along the west ern 1'lopc of Rttging Hi\·cr Ya llcy have 
been dropped dO\rn to the northea st. The ccntrnl portion of 

Raging RiYcr \'alJcy contnim uo outnops. It is deeply fill ed 

with deposits of glaci1d drift. [n Sections 1 nnd 1~ in t!tc 

northc11st corn(•r of Township fl3 Xorth, Runge 7 Ea::t , the 
Eocene sediments ha\·c u prevailing strike of i'lort!t $.5 ° W est 

llnd a dip of 6fl" to the southwest. They n1·c i;;olat cd from 

any of the surrounding outC'rop · and may possibly represeut 

the western limb of a second anticline lying pa rnlld to. a nd 
to tlw northeast of, the one prc\·iou:.ly 111entioncd in Sections 

9, 16 and ~2. If so, fl broacl syncli11al trongh m11st. lie ulo11g 

the present position of H.nging River or I\. little to the ca i,t of 
it . 'rl1e strnt11 as exposed in the unclcrgrounrl min e workings 

in Sections l a nd 1 Q arc badly cl is located }l S tltr r c~ ult of fn.uJt
ing. 

L, the ,;outhcaslcrn <·orncr of Towns hip flS ~forth, R a nge 

7 Eas t, a number of rock exposures onkrop in Section ~6, 
nbout om .. ~half mile west of K cn·iston. The:,;l' strata a;;su111e n 

nearly cas t-west strike 1,ith an iw eni gc dip of about 4(j 0 to 
the south. 'l' hcy arc presumably n pint of t he southwestcm 
fhmk of the a11ticli11c r eferred to ns trending through Sections 

J 6, ~1 tind fl.fl on the west s ide of lbging RiYcr. 

In Sections ~. S, -1, Township Q~ North, Range 7 Bnst in 
the ,~icinity of the T nylor mine the s trnta have been folded into 

a weU defined syncline tl'ending North ..J.6° \,Yes t and a pprnxi-

111.itcly parallel to the other two antidincs just 111cntioncd and 

lying to the so11th\1'est of them. Tltt• maximum wiclth of this 
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syncline is a little ovcl' one nulc ttncl it 1mt)' he trnccd nol' th
we terly into the northwest qun,rtcl' of Section 33, To,1·nship 

~S North, Range 7 East. No pre-glacial outcl'ops have been 
found between this syncline and tho. e exposures occ11rring i11 

Section ~6, To,111 l1ip ~3 North, Range '1 Ea, t, just south of 
Kcrriston. 

rrhc trnta at Kerri 'ton have a southwest dip in co111mon 
with those on the northeast (fonk of the syncline at 'l'aylor. It 
i. po siblc tliut the strnta iit Taylor arc the ba. al portion of 

tho e occurring on the e!t t . ide of the 'l'itylor syncline. There 
i. also a po. sibility that there ma_v be an anticline trending 
northwest to . outhcast omewherc between T1iylor and Kerris
toa aJoug the divide between R ock Creek and the head of R ag

ing Hivcr. Thr rc is no clil'ect e,ridcncc to support either view. 

About three-quarters of a mile sonthwcst of Ule '1\1.'' lor 
s_ynclinc another anticline ha;; been clcvelopccl ,d1icl1 trends 
North 45° vVcst th rm1gh the centers of Sc(·tions 4 aJJd 10, 

'rownship 22 North, R ange 7 E1tst, into Sections 3~ ancl 31 

of the tmvnship immcclia.tcly north. Tl1c position of this anti

cline has becu largely determined fro111 strikes and dips otl'lll'

ring at isolated point,- a long its com·se. 

In the discussion of the Ncwcastlc-l ssattll1th anticlinc rcfcl'
cncc has been made to scdin1c.ntary outcrops containing coal 

scams, lyi11g along Guy C'reck in Sections l!t ftnd 13, T own
i,hip Q3 ~orth, R ange 6 Eii:;t. T hey nmy l'C}J rescnt a block of 

Eocene sediments fo rmerly restin g upon the undC!rlytng basalts 
and which were dropped into thei r p resent position as a fau lt 

block between Tiger and I ssaquah mountu.ins. Obscrv1itions 

taken on the strike and <.lip in Section 12, 011 Guy Creek, . how 
irn avcrngc i; lri_ke of Nor th 16° E ast and fl dip of 45° to tbe 
northwest. ,Just south, in Section 13, the strike of these same 
strata appears to swing around to t he northwest nncl assume 

tl position a lmost due cast and wes t. The dip i:, southwesterly 

and some minor fanlting is inclicatcd in places. In Section 12 
these strata rest unconformahly upon igneous rocb. 'r hc <'On

tact is not un intrnsive one bu t rather one of sedimentation. 
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About one and one-half miles southwest of P1·eston a num

ber of small local outcrops of shale containing carbonaceous 

sc1uns project through the glacial drift. Thc,v iu·c badly 

broken and dislocntecl and no definite structure could be deter

mined. The prevailing strike is North 50" Wl.'st an<l the dip 
,,ery ,,frep to the northeniit. 

QU!MPER PENINSULA AREA. 

n,,:onn.u•nw rn81'R11n"r10:-1. 

'I'he Quimper Peninsula fon11s the cx1 rcmc nortltc11,,tcrn cor

ner of the Olympic P eninsula. The su rface distribntion of tl1t> 

EoC'cne deposits within this arCll is confined to two hclts. One 

of thest> belts trench northwcstcrl_y fron1 Hood Hc,ul and Olclc 

l">oint to the south end of Disc·ove1·y BaJ an<l thence to S<:qui111 
Bay. The other belt lies to the southwest of (~uilccnc tind 

extend:- along the western n1argin of Hood ('tuHtl to )foson 

C'ount.y. Between these two belts und on the nol'th side of the 

first belt, there n.rc clcpo'iits of shale and sanch,tone of Oligo
cene age. Doth the E ocene and Oligocene rocks iu·e thickly 

covered with gli1cial drift. Such outC'l'Op,; ns occ11r a rc mostly 
along the shores of the Caual and its inlets. 

The Eocene rocks in this region <·onsist largely of basic· 
andesitcs and jnterC'alated band:- of tuff, u part of which lrn.vc 

been deposited in water. Exposures of these rocks occur along 

the shore line most of the distitn<'C from Olclc Point to Hood 
Head. The contact between the Eocene and the o,·crlying 

Oligocene seclimentaries appears in a low cliff im111ediately north 

of Olclc Point. Shales rest directly upon basaltic andesites. 

No basal conglomeni.tc is pl'esent at this locality and it is pos
!'l iblc that the contact may be a fault plane rather than one of 

deposition. The rocks nt Olclc Point nre distinctly tuffaceous 

and noticeably stratified. One-half mile south of the Point there 
is n long nu1Tow channel extending i11lancl n distance of about 

one 111ilc to the small Indian Yillagc of )fats )fats and along 
the sl1orcs of this inlet the rocks intiy be studied in detail. To 

the sou tli of this Iocalit.y an.cl towards Hood H ead, the igneous 
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nrntet·ials bccon1c more dense and occur a. lava flows. Hood 
H ead is A. rock outlier of andesite and the count ry to the west 

of it i · composed of glaciiil d r ift. The contact as mapped be

tween Olcle Point and Port Discorery Bay is only appro.ximate 

since exposures of bedrock occur at only a very for localitie . 
Andesite may be seen in contn.ct with the overlying Oligocene 
conglomerates in a small creek near Anderson's Lake in Sec

tion 10, Town hjp ~9 North, Raoge 1 West. At thi point 
the outcrops are at the falls and along the gorge of the ct·eek 
j 11st mentioned. Exposures of Eocene andcsite occur in clitf s 

nearly 100 feet high along the cast . Lo1·e of Port DiscoYcry 

Bay, between its head and Woodman Statioll. One-third mile 
north of '\IV oodman Shtt ion Otigocenc sund tones outcrnp at the 
water 's edge and clip at a ,·cry low angle t o t he north. Two 
lllilcs south of '\Voodm an Station conglomern.tes r est upon the 
igneous rocks. The contact on the north s ide of this bc"lt of 
andc ·itc may be traced from t he west ern shore of P ort Dis
covery Day westerly to Sequim B ay. F rom the south end of 
P or t D isC'ovcry Bay to the head of Dabop Bay at Quilccnc the 
only heel rock exposures a rc sha1cs and sandstone;; of Oligocene 
age. A high hill lies to the southwest of Quilccne, the central 
portion of which is composed of basic andesite. H igh upon its 
slopes it is thickly mantled with g lacial gravels and sands. 
Similar igneous rocks form the hills bordering Hood C'anal 
front Qnilccnc southward to Dosewallips R iver. These anclcs
ites, although disconnected by surface deposits of drift and t he 
waters of Hoocl C'anal, arc in 1·cality an extension of those in 
central K itsap C'ount.y. The contact between the igneous rocks 
and the Oligocene scdin1cnta rie. in the vicinity of Quilccne is 
very indefinite. Exposures of shale occur in the rnilway cuts 
two 111ilcs nort h of the town ancl exposures of anclc ite three 
miles t o the southwest . 

LIT llOl ,OUY. 

The textural and mineralogical characters of the rock va.ry 
con:.idera bly in <l ifferent localities. On t he cast shore of Port. 
Discovery BA.y, south of , voo<l111an Station , the fo rmat ion is in 
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part a flow breccin.. Large sized blocks of vcsicuhtr rounded 

massces of anclesitc occur embedded in a fine gniincd matrix of 

hardened tuff and lani exhibiting flow st ructure. lntcrcalat('d 

\',ith this phase there arc tongues of typical irndcsitic· hwa flows. 

A 111icroscopic CXtllllination of the plagioclase cr_ystals show:; 

them to belong to the bnsic labrndoritc vnricty. Augite and 

minor mnounts of hornblende colllposc the dMk n1ine1·11ls. A 
fow sections revealed the presence of a small 1t111ount of olivine. 

T he i;urface exposures of the rock arc deeply weathcrcd nnd 
fresh specimens arc difficult to obtain. 

T'lic tulfaccous phases arc banded and often hu,·e thin 

layers of shale and cla_y intcrbeddecl. In the vic·inity of Olele 

Point hands of tuff uxeraging two or three feet in thickness arc 

interbedded with lava. flow:: of about the same thickness. They 

are stratifi('(l 1U1d OCNlsion11lly c-onblin marine Eo('cne fos. ik 

01•:0LOOll' S'J'lll. C'ITHI-:. 

The mam strnctnral features invok ing the pre-gll\c-ial 

for111ations of the Quimpcr P eninsula (·onsist of u11 ant.ic-lim• 
and ,:;ynclinc p arallel to each other and trending southeast to 

north west. T he axis of the imticline lies along the urcit clesig

natecl upon P late I \' as T ejon lavas. The bnndcd phases of 

the ltl\'as neur Olcle Point lrn.,,e n prevailing strike of cast and 
west and a dip of 40° to the north. The overlying Oligocene 
sendimenturies exposed a long the shores of Oak, cow, Port 
T ownsencl ftnd PoTt D iscovery bu.ys have an ll\'eruge c,tst to 

west strike with a northerly clip ranging from 15° to 4<!5 • A11 

examination of the sb'ikes 1\11'1 dips as platted upon the nmps 

around the shores of Port T mmsend und Scow buys i11dicutes 

minor trnnsverse folding of the strutit on the north limh of tlw 
anticline. 

B etween P ort D iscovery BHy and tJuilecne, Eocene ro('ks do 

not outcrop at the surface. rl'he rc a re u few exposure;; of t ill' 
overlying Oligocene sand · tones and shales. These ha,·e been 
folded ~o as to form a synclinn.l trough which also presu111al,ly 

invoh-c.,; the underlying ll\n\s. Observations on strike and dip 

at the south end of P ort D iscovery Ray in<lic-1tk that the 11osc 
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of the syndinal trough is 11ot far to the southwest. It presum
ably extend eusterly into Kitsap County but this cannot be 
proved on account of the lack of surface exposures. The anti
cline referred to umy extend westerly past the south end of 
Sequim Bay . 

., POR'f CRESCENT AREA. 

n 1,:00 RAI'll IC mwrnIRU'L'lO);. 

The type occ111Tcncc of the Eocene in this area is along the 
cliffs in the vicinity of Crescent Bay antl Observatory Point on 
the south side ot the Strait of ,Juan de Fuca. T he region fo1· 
sonic distance south of the shore is licavily covered 111th tlcposits 
of glacial drift but judging from such outcrops of Eocene roc·ks 
as arc a,,ailablc they probably occupy the entire area southward 
from the shore line to the east-we!>t center line of Township 30, 
R anges 7 and 8 vVest. The western limit of these outcrops has 
been designated upon the geological map as extending from 
Section 16, T ownship 30 North, Range 8 V\'est in a north
westerly direction to a point 011 the shore line on t he Strait 
about two miles west of P ort Crescent. T his contuct ltas been 
approximately drawn. To the south, the Eocene rocks extend 
in to the northern ridges of the Ol_y111pic i\lountains. To the 
cast they may be seen outcropping in the canyon of Elwhn. 
R iver and presumably tltey underlie the g lacial drift still fa.rthcr 
cast as far a s D ungencss R iver. 

The outcrops ure conspicuous as bold rugged sea-cliffs 
rnnging from ten to over one hund1wl feet in clcnltion and ex
tending along the Strnit from 1t point two miles west of Port 
Crescent to a point one mile cast of Observatory P oint in Fresh
water Bay. Plate X III. 

I mmediately south from the shore line, the entire region is 
so thickly covered with drift that all of the bed rock formations 
arc deeply buried. T he first reappear in the cuts along the 
county rOLLtl in Section 16, Township 30 North, H nnge 8 , v est 
on the north side of Lake Sutherland. Immediately west of this 
point strata ro111poscd of sandstones and slmlcs outcrop which 
overlie the Eocene and arc believed to be of Oligocene age. T o 

---5 
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the south of the valley formed by Lake Sutherland and Lake 
Crescent the Eocene rock. ext end iuto the foothill of the Olym
pic;;. About si_x mile east of Lake utherland they are well 
exposed in the canyon of Elwha R iver. Frorn tl1at point east
ward careful examination ha not been made to determine their 
extent. About four miles outh from Port Angeles they may be 

. ccn in Frazier Creek where they rest benen.th the Oligocene 
sandstones 1.rnd shales. 

Ll'l'HOLOGY. 

The rocks entering into the Eocene fo rmation in the Port. 
Crc cent area are compo ed for the mo t part of ba ic igneou 
lavns of a basalt.ic chnra.cter. Snndstone and shale a.re oc
casionally interbcdded. The bnsaJti c rock va r.r in chttract er, 
rnngiug from dark, fine-grained, den se lavas to vesicular and 
fragmental material. In many places the vc' icular cavities arc 
filled with secondary radiating crystals of natl'olitc which often 
attain a size of two inches in diameter. In a number of in
stances the flow lines n.re well c..~bibited in the cliffs along the 
shore. Often these arc abruptly cut by ma lJ intrusive bodie of 
basalt which have forced their way up from bclO\v th l'ough the 
alren.dy consolid.tted surf ace flow giving the rock a 111uch con
torted appcarnuce. 

The intel'bcdded sedimentary matcl'ials and watcl'-worn 
tufftlceous materials vary considerably. The tuffaccous ma
terials are sometimes distinctly hedded and sho,1· e,ridcnccs of 
marine deposition. I ntcrbedded with these there are often ma11 
lenticular bands of sandstone and shale. Sometimes the tuffs 
consist of a consolidated mass of heterogeneous materials rang
ing· in size from that of a p ea np to inegular sized blocks scY

eral feet in diameter . 1'fa11y of the sandstones, shales, and 
stratified tuffaceous layers contain marine molluscan remains. 
These are quite numerous along the hore cliffs about one-half 
mile cast of Tongue P oint. 

STRA'.l'IG UA l'EI'f. 

The contact between the Eocene fo l'mation and the overly
ing Oligocene edimet1taries occurs on the south shore of the 
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Strait of Juan de ).<'uca near the mouth of v\Thiskey Creek. 
From the mouth of thjs creek, Eocene rocks are c..""posed almost 
continuously easterly to Freshwater Bay. The upper portion 
of the Eocene ection as expo ed between the contact at Whiskey 
Creek and n. point two miles east of P ort Crescent consists of 
alternating marine sediment. together with basaltic tuffs and 
flows all of which dip to the southwest. These rest upon basaltic 
flows of an unknown thickness. 'l'hat portion of the Eocene for
mation in this region which cun be measured is approximately 
4<,000 feet thick. The top of the section occurs at W hiskey 
Creek and the base is situated two miles cast of Port Crescent. 

T op of • cc1iou Fee r 
Chiefly ~ball' . ... .. . , . . . . .. . . . ............ . , ... , . . . . . . . . ;ISO 
Sandstone nml smnll nmonnt,; o r tnte rl.leddt•tl ~hal~., .. ,, ...•. 200 
Hln<.'k fin,• !{l'nlncd toll' ..... . ....... . ........... . .......... 130 
Con rs!' graJuNI mMslve ,urndstone nod cooglonu•rntc , ... , ..... :!J O 
:\lassi\'C ngglomcrn1 e , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :!80 
Dark shale aotl thinl.1· bcclcled ~antlstone . . . . . . . . . . • . . . . . . . . . :!00 
Basal t . . . .. ....... .... . ...... .. .. . .... . ....•.... . .... .. 410 
Sands tone . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . . . . . . . . . . . 700 
BasnlL ..... .. . . . . ..... . ....... . .. . . . .. . . .. ..... . ....... 800 
Basalt o! unknown tbickn~ss .................... . .. . ...... TSO 

Base of Section 
·1•ornl . . ... . . . . . .... .... ... . .. .. ... ... ....... .. .. .. -lOOO 

In the tuffaceous shales just cast of Crescent Bay tmd in 
the sandstone layers intcrbcddecl with the tuffs at the cast end 
of the bay arc maTine T cjon fossils. The follO\Ying fanna has 
been coJJcctcd: 

Anomia subcostata Conrad 
Cardium brcweri Gabb 
,l1 odiolns ornatus Gabb 
V enerica rdia planicosta Gabb 
Calyptrrwa excentrica Gabb 
Turritella uvasana Con rncl. 

The same fauna occu rs in a siJUilar tuffilccous ·material on 
the southeast coa:t of Vancouver Island at Albert H ead. The 
fauna is typically Tcjon and of the same age as faunas in 
Le,vis and Cowlitz cow1ties. 
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GEOLOGlC S'l'RUC'fUHK 

The st ructure of this a rea may be regarded a consisting of 

the northca t limb of a northwesterly pitching syncline. 'ro 

the west of Port Cre. cent for a distance of b1·elve miles a tra,

versc was run ,dong the beach and careful observation made 011 

the trike and dip at variou. points. The. e were tied in to the 

tt-.wer e line. The axis of thi. yncl ine inter ect the shore line 

near Twin Post Office. Along the road from Port Cre cent to 
Lake Cresc(')1t at a point about two miles north of Fairvie"' 
Post Office outcrops of and. tones and shale. are well defined. 
Ob ervations made on the . trike and dip in this vicinity indicate 
the presence of the. outhea tern c.x tcn. ion of thi ~ame synclinal 
axi . Near the center of the north side of Lake Sutherland the 
Eocene ba. alt. appc1.ll", ttpparcntly resting uncomformably be
low Oligocene sediments. This point is a. sumcd to be approxi

mately the keel of tbe synclinal axis. The outcrop of the basaltic 
rock · cannot be traced on the surface northward to the coast 
line. The same contact, however, cloes octur on the coitst-Jine 
about two miles west of Port Crescent and the overlying Oligo
cene sed iments pos ess a 11orthwe t strike and southwc. t dip. 
The intctbedded Eocene sanJstooes and shales have an avenilgc 
strike of North 70° W est and an avcn\gc dip of S0° to the south
we t toward the axis of the syncline. This condition holds true 
ai; fa.r cast as Freshwater Uay. At one or two p1aces in 'resccnt 
Day, as may be seen upon the map, there arc exceptions, but 
these may be explained as due to local faulting and slipping. 

A synclinal trough trends southeasterly from Freshwater 
Bay and crosses Frazier or Tumwater Creek about three mile 
south of Port Angeles. The axis of this syncline crosses i\Iorsc 
Creek in Section Q9, Township SO North, Range 5 W est. 

In this portion of W a. hington during the Eocene eruptions 
of igneous mfLtcrials were taking place altno -t continuously. 
The r egion around Crescent Bay was an cmbaymeut of the Eo
cene sea and basaltic ln.va flow. were poured out on to the ca 
floor. At intel'vH.ls ashes were ejected and these were afterwards 
worked over by the waves and redeposited M tuffnccous shale~. 
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Similar conditions tlppear to have taken place as far north as 
Vancouver I land. 

BALD RILLS AREA. 
(;r,:QGHA l'ntC DU$'rllllll;:'l'IOX. 

The Bald H ills constitllte a prominent topographic feature 
of central Kitsap County. When viewed from a distance tlicy 
stand in marked contrast to the prevailing level bench topogra
phy so common to the gTeatcr portion of the P llget Sound 
Basin. T hese hil1s arc composed of basic andesitic lnvas to
gether with small amounts of shale and sandstone all of whic•h 
arc of Eocene age. Outcrops of the formation are best exposed 
in the west central portion of the county to the south and west 
of B remerton in To11•n hips fl3 n.nd Q.J. North, R anges I and l'l 
~ rest. Accessible exposures may be seen along the shores of 

Sinclair Inlet immediately southwc t of Bremerton. 
If the glacir1l drift whicl1 covers the greater portion of the 

county were removed presumably the surface exposures of the 
entire southern half of the county would be composed of Eocene 
andcsitcs and sediments. T he lavas of the Bald H ills would 
clil·ectly connect with the snme rocks of the B lack H ills of 
Thurston and Mason counties as well as tho c of eastern Jeffer
son County. 

CfCAJ{ACTEln 0£•' OU'l'CROPS. 

The surface expo ures of the northern half of Kitsap Coun
ty are entirely of glacial or igin. T he 11.vcnigc clevn.tion of the 
surface of this portion of the coun ty is 500 feet above sea level. 
T he mona<lnock-likc ridges forming the Bald H ills have an elc
n-1.tion of 1,000 feet. They fot·m the drainage divide between 
H ood Canal on the west and Admiralty Inl et on the cast. Su r
rounding the Hills on all sides are very thick deposits of glacial 
dr ift. They a re much thicker on the west than on the cast. 
The Eocene formation pas beneath the drift and presumably 
fo rm a part of the floor of H ood Canal and connect with the 
lavas near the mouth of Dosewallip Ri ver. Because of the 
heavy overburden of g lacial deposits along the western slopes 
of the Bald H ills no surface outc rops of the E ocene fo rmations 
occur along the ca tern i;hore of H ood Canal in K itsap County. 
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Bald Mountain ridge· possesses a general trend of North 
45° East, approximately para1lel to H ood Canal. No ex
posures of ba alt occur north of Bremerton. In Dyes Inlet 
which extends east from Bremerton to SiJverdale, outcrops of 
the overlying Oligocene strata may be seen outcropping in the 
cliffs along the water's edge. To the no1·th of this inlet no 

trata older than the Pleistocene glacial depo. its are knom1 

to exist either in the cliffs along the shore line or inland. 

On tl1e eastern side of Bald Mountain ridge outcrops of 

basalt may be seen in places even a" far a Sinclair's Inlet 

where the glacial drift has been removed by erosion. On the 
shores of this inlet, about two miles southwest of Brernel'ton in 
Sections fl8 and 83, Township fl4 North, R ange 1 East, excel
lent exposures of the basalt may be seen. It outcrops along 
the shore for a distance of over one mile. At the north end of 
the expo ure, it appears only a few feet above ea leYel and is 
overlain with glacial g ravels and sand. T he contact surface 
between the basalt and the glacial depo its exhibits fine ex
amples of glacial grooving and scouring. Further to the 
southwest along the shore and near the head of the inlet a large 
quarry has been opened in the basaltic cliff. H erc flow structure 
an<l the vesicular character of the basalt may be studied. 

Southeast of Sinclair I nlet no outcrops of basalt have been 
noted at any point within Kitsap County. The only rocks ob
served are the various phases of glacial drift. T o the south
we t of Bremerton, towards Clifton and from tbere on to D e
watto the only exposu res observed arc of glacial origin. Basaltic 
lavas undoubtedly ex ist in this region below sea leve] but are 
so deeply bu ried with glacial deposits thitt no exposures out
crop at the surface. 

LITHOLOGY. 

Nearly al l of the Eocene formation. occurring within the 
Bald Hills area arc composed of basaltic ancl andesitic lavas. 
Interbedded with these in a few places arc narrow bands of 
sandstone. Tl1e preni.iJing lithologic character of the rock is 
of the typical black, fine but even-grained basalt. Associated 
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with this arc numerous layers having a vesicular structure. 
The steam holes range in size from the head of a pin to over 
one inch in diameter. Commonly these are filled with secondary 
minerals such as natrolitc. In a number of places and espe
cially in Section SO, Township 9l4 North, R trngc 1 East, these 
amygdaloids of natroDte arc very conspicuous. They are 
commonly referred to by the people living in that vicinity 
as fossil shells. In the exposures along Sinclair Inlet, 
sout]rn·e t of B remerton, both the fine-grained dense vari
ety as well as the vesicular rnay be seen in the cliff. In those 
localities near the quarry where the fre her rock is continu
ously being exposed, these types may be studied to advant
age. H erc much jointing and fracturing has occurred 1tnd 
along these joint and fracture planes, secondury alteratio11 is 
in evidence. T l1e faces of the joint planes arc commonly cov
ered with a coating of red iron oxide. In the Balcl ·i\Iounta.in 
ridge jointing is very prominent, giving rise to columnar struct
ure. T hese columns are roughly hexagonal in shape and stand 
nearly vertical being at right angles to the lava flows. Inter
bedded with the ba alts are occasional bands of fragmcntal ma
terial composed of rough angu la r blocks of basalt imbcdded in 
finer tuffoccous rnaterials. T hese arc not, however, character
istic of the E ocene igneous materials of Kitsap County. Such 
sedimentary rocks as occur interbeddcd with the Eocene lavas 
are not \'Cry prominent. T hey have been observed only in n very 
fe\v places. On the north side of Bald H ill ridge about th ree 
miles southwest of Chico in Section lQ, T ownship 9l-1 North, 
Range l ,\rest, sandstones may be seen in a small creek. 

At this point they arc cut by diabase clikcs which were 
probably the feeders for some of the bus1tltic layers lying ahove 
this particular sandstone strntum. No fo. sils we re seen in thi 
,,and t011e but in so much as it is intcrbcdded with the basaltic 
layers nncl since crnptions of basaltic lavas seem to have ended 
at the clo c of the Eocene, the sandstone may be also considered 
as belonging to this period. 
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GEOLOGIC STRUCTURE. 

No ,·cry jn,portant deta ils concerning the structure of the 

Eocene formations in Kitsap County can be determined. In 
the southern part of the county the lava flows appear to lie 

nearly horizontnl or perhap in gentle undulations. Extending 
in a direction a few degrees north of west from the entrance to 
Bremerton Inlet westward to Chi co, there is evjdence of a well-

defined monoc1ine or pos ibly the north limb of an anticline. 
Thi. evidence i obtained from ob ervation taken on the strike 
and dip of the Oligocene sandstones and shales at Re toration 
Point, Orchard Point and along the shores of Dyes Inlet. At 
lea t 9,000 feet of Oligocene trata are expo ed and a urne a 
pei·sisteot average strike of N01·tb 85° West with a dip ranging 
from 45° to 88° to the northea t. The basal beds whjch strati
graphically lie nearest to the Eocene basalts and whjch pre
sumably rest unconformably upon the basalts are clipping near
ly vertical T he actual contact between the ovcrlyi11g l\:uoccne 
sediments and the underlying Eocene basalt· is everywhere cov
ered over with glacial drift. It seems probable that just south 
of this contact the basaltic layers have been folded downwards 
in accordance with the overlying Ol igocene fo1·mations. It is 
possible, although there is no clj rect evidence to support such a 
Yicw, that a nearly vertical fault plane may ex ist parallel with 
the contact. Between Quilccne and D i covery Bay in the east
ern part of J cffcrso11 County a syncline has been referred to 
which extends southeasterly in a general direction of South 45° 
Ea. t. The central part of thi syncline is composed of Oligo
cene sandstones and shales. On the northeast and southwest 
flanks and lying beneath the sediments a re Eocene basalts. 
The south limb appears to be a continuation of the Bald Hill 
basalts although its areal continuity is interrupted by the 
g lacial deposits along Hood Canal. T he basalts on the north 
side of this syncline outcrop at H ood Head and near Port Lud
low. If these outcrops were extended southeasterly they would 
diagonally cro the north end of Kitsap County from Port 
Gamble to K ingston. Because of the very thick covering of 
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glacial dri~ in this region, howe,·er, 110 pre-glacial rocks have 
been seen. It is to be presumed that they do underlie this 
portion of the county, though perhaps below sea-level, an<l if 
so, represent the reappearance on the north limb of the syncline 
of the same basitltic layers outcropping in the Bald Hills ancl 
forming the south limb of the syncline. The axis of such a 
syncline would extend through Township ~6 North, Rnnge 1 
East, southeastarly through the north part of Bainbridge 
I sland and thence across Puget ound into the north part of 
Seattle. 

BLACK HILLS AREA. 

GROGR.\ L'ITlC DU'!'l'RTBf'TIO~. 

The Black Hills are situated in the northwestern portion 
of Thurston County and extend into the extreme eastern part 
of Grays H arbor County. They invoke a lnrgc part of T own
ships 16, 1'1, and 18, R anges 3 and .J. "\Vest. They form a 
group of hills attaining an elevation of ove1· 1,500 feet. 'rhey 
arc composed almost en ti rely of basaltic lavas which a rc flan keel 
on all sides by deposits of glitcial drift. 

To the north of the Black Hiils, in Mason C'ou nty, the su r
face formations are largely of glacial origin, but hel'e and there 
projecting thl'ough the drift arc rounded knobs of bt\salt ex
hibiting glacial scou ring. It seems best to include these with 
the Black Hills for discussion. The north limits woold then ex
tend as far as Iloodsport on H oocl Canal. The western limit<; 
would extend from Hoodsport southwesterly to Mntlock 11nd 
thence to U cCJcary in ection l 1, To,mshi p 18 North, R ange 
5 \Vest. From 1'IcC'leiirs the con tat't between the :Eocene 
formation and the Oligocene can be fa.irl)' determined from cx
po:mres in the creeks. It extends to Section 1, Township l '1 
North, Range 5 West, where it Jnl'l)' be seen in the banks of 
Porter Creek. From Porter Creek it passes through Sections 
1~, 14, ~3, ~6, and 3,5 of the Mune town hip and range and 
thence due southeast to a point one mile west of Oakville where 
it may be seen in a Northern P acific R ailway cut. From O,ik
ville the eastern limi ts of the bnsaltic a. rca follow the line of 
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the railway past Gate to Little Rock. It then cro ses the glacial 
/ outwash prairie of Thurston County to a point north of Plumb 

Station on the Port Townsend and Southern Railway. The ba-
alts occurring at Tumwater Fall south of Olympia arc in

cluded within this area. The northeastern limits of the uea 
cannot be definitely determined because of the heavy over
burden of glacial drift. 

CHARACTER OF OUTCROPS. 

Within the Black Hills the basaltic masses outcrop as high 
rounded hills which form the divide between those streams flow:
ing northeasterly to Puget Sound and those flowing southwest
erly into Chehalis R iver and thence direct to the Ocean. This 
divide varies h1 elevation. Between Little Rock and Gate along 
Black River it rises abruptly from an elevation of about ioo 
feet to an elevation of 800 feet. It extends due nor th as a ridge 
between Bordeaux Creek and Cedar Creek into the corner where 
Townships 17 and 18, R anges S and 4, meet. In the e hms the 
small cre~ks head and flow outwards through steep canyons. 
Extending up Bordeaux Creek through the lumbering town of 
Bordeaux. there is a logging railroad, along whose grade mauy 
rock cuts have been made. In these the contact between the 
overlying glacial drift and the surface of the basalt may be 
seen. These surfaces always show the effect of glacial scouring 
in the form of grooves and polishing. On the higher slopes of 
the hills west of D elphi Post Office the vegetation is very heavy, 
but sufficient exposures exist to indicate that they are com
posed exclusively of Eocene basalt. fa the smaller valleys lead
ing out from these hills the soil. is always of a typical reddish 
color due to the oxidation of the iron bearing minerals in the 
basalt below. 

Extending from Little Rock to Gate on the west side of 
the Northern Pacific railway the basaltic rock forms a very 
steep escarpment in contrast to the level glacial outwash pTairies 
immediat ely to the southeast. From Gate this escarpment 
swings around and extends in a direction North ~0° West ap-
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proximately parallel to the Northern Pacific railway and i 
three or four miles to the northeast of it. 

About fifteen miles northwest of Gate the general elevation 
of the Black HiUs gradually become much lower and in the 
vicinity of Matlock they form a low divide between the Puget 
S0tU1d basin and Grays Harbor. From Matlock the elevation 
of this divide graduaUy increases and soon merges into a high 
rugged spur of the Olympic Mountains, which passes up the 
outh side of the south fork of Skokomish River. The elevation 

of the gap at Matlock is 400 feet. This broad gap lying be
tween the Olympics and the Black HiUs is thickly veneered with 
gfo.cial drift, but at numerous points projecting through it 1tre 
outc1·op$ of basalt alwa.ys more or less rounded and scoured. 
The more irnportant outcrops arc located between the railroad 
extending from Shelton to CloquFLllam and the branch e.~tending 
from Kamilchic to l\IcClcary. These outcrops arc never over 
five or six acres in extent. The surrounding soil is genera.Uy 
of a deep red color. :M1tny of the pebbles in the glacial gravels 
surrounding them tlre composed of the same material. These 
knobs are often at 1111 elevation of twenty-five feet above the 
sunounding glacial drift. Numel'OUS outcrops of these ba
saltic areas may be seen along the old logging railway track 
and 11.lso along the county road extending from Shelton to l\lc
Clca1·y. 

If the glacial drift of the Black Hills and the tirca north
,,·ard to Hoodsport were completely removed it is very probable 
that the basalt would continue northward and directly connect 
with that occun·jng from' Hoodsport northward to Quilcene and 
also with that in the Balo Mountain area of Kitsap County. 

In Tumwnter Canyon just south of Olympia the Des Chutes 
River has cut its canyon down through the drift and into tbe 
basaltic rock. This basalt, while not arcally connected W"ith 
that in the Black Hill to the west, is a continuation of it, the 
intervening area being cove1·cd with glacial gnivel and sands. 

Occasionally basalt may be . een outcropping in the cast
tern part of Thurston County nnd in the valley of Ni qually 
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R iver, as wclJ as along the divide between the head water of 
the Des Chutes and Skookumchuck riYcrs. These eastern ba
saltic a reas a re probably in reality the eastwal'd extension of 
tho e in the Black Hill . The two areas a re separated by the 

glacial outwash prairies south of Olympia. 
T o the nortbeast of the Black Hills among the inlets at the 

head of Puget Sound no basaltic formations outcrop at the 
urface. The only surface formations a.re glacial drift. Eocene 

basaltic masses may Qndcrlie Hart tine Island, 'McNeil Island, 
Carr Inlet and Tacoma, but there i no mean of obtaining in
formation concerning their character or tructure. No deep 
well boring are available to determine how far below ea-level 
the upper surface of the basalt exists. 

- ._/LITHOLOGY. 

0'he Eocene formations within the Black Hills a rea arc for 
th; mo t pal't compo ed of igneous matel'ial. Occasiona1ly in
tel'bcddccl sandstones and shales containing c1.irbonaceous seams 
occul'. The igneou matel'ials consist of dense fit1e grained 
black basalt together with basaltic tuffs and vesicular layers, 
many of whjch are filled with amygdulcs of secondary natrolite. 
In pli1ces basaltic material of diabasic structure may be seen 
in the fol'm of dikes cutting through the basaltic lnyer s illustrat
ing the methods by which the molten lava. reached the surfac~ 
These amygdaloidal phases of the ba alt outcrop ju t north 
of the county road at D elphi, about seven miles southwest of 
Olympia. In the Black Hills prope1· and iJ1 the hills surround
ing Ilol'deaux the basalt is of the fine grained, black, dense 
variety, ringing when struck with a hammer and breaking with 
a conchoidal fracture. In the exposures between Little Rock 
and Gate along the Northern Pacific R ailway the basalt is 
often coarse g rained and Yesicular. In places in the ridge be
tween Bordeaux and Gate, pyroclastic materials arc intcrbeclded 
with basaltic flows. These, however, a rc not a very conspicu
ous feature amo11g the basalt of the Black Hills area. 

T he basaltic rock in T umwater can.yon south of Olympill. 
is of the typical variety, ranging from fine to medium grnincd . 
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In the northern part of the area, in the vici1iity of New· Kamil
chic, Cloquallam and thence northward to Sl1clton, the small 
knobs of basalt which outcrop arc nearly ahntys \"cry fine 
grained and elem c in appearance, and usually much wea.thcrcd 
and altered. Extending into the rock several inches from the 
joint plains arc mas. cs of soft red material, lnrgcly composed 
of iron oxide. 1'hc rock itself is usually, even in the fresher 
portions, mo1·c or less nltercd. 

About 1,000 feet west of Gate City in one of the .11Htll creek 
canyons leading up into the Black Hi lls, are exposures of sand
stone and shale, containing low-grndc coal scam . The sand-
tones arc coarse grained, and have a yellowish brown color. 

They conunonly hml" cross bedding and arc presumably of 
estuarine origin. The sha.Jcs Rrc thinly bedded, of n brown 
color not very hard. In places there arc beds of slightly cnr
bonaccous shales intcrbcdded with the sandstones. In Section 
~6, To,,•nship 16 North, Range -1, ,vest, a scam of impure coal 
outcrops in the banks of a small creek which at this point has 
carved its canyon down th rough the sandstone leaving the igne
ous rock on either side. The sedimc11tary rocks arc distinctly 
in terbeddcd with basalts. 

GEOLOGIC S'l'HUC'.l'UHH. 

Because of the absence of interbcdcled sedimentary rocks or 
stratified tuffaceou. materials it is very difficult to determine the 
structure over the larger part of the Black Hills area. In the 
northern part of this district the basaltic outcrops form only 
isolated knobs, the i11tervening country being heavily coYered 
O\'Cl' with glacial drift, thus rendering it impossible to actually 
connect any suggested structure fro111 one outcrop to another . 
• -\.t the locality just west of Gate City where observations on the 
trike and dip of interbedded sandstones have been taken, the 

basalts along with tlic sedimentaries appear to be folded into a 
northwest-southea t directi011 . , It is possible that the Black 
Hills, which trend 11orthwcst to southeast, may represent an 
anticlinal fold or warp, or possibly a. series of closely folded 
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anticlines and synclines. Although there is no conclusive evi
dence on this point, the former is the more probable. 

Along the we tern contact of the basalt in the Black Hills 

area, sandstones and shales of Oligocene age are resting uncon

formably upon the former. The sediments have n strike ap
proximately pn.raUcl to the contact. This is neady north and 
south with a low dip to the west ranging from 9 to 11 degree . 

These Oligocene sandstone and shales constitute the east limb 
of the syncline whose axjs trend nearly parallel to Chehalis 
River between Oakville nnd Elma. The basalt lying along the 
western margin of the Black Hills must form a part of this 
ea. tern synclinal limb.' To the northeast of Olympia. such 
structural r elations as may exist among the basaltic flows arc 
entirely obscured by the very heavy overburden of glacial drift. 
The lava fonnations a re below sea-levcl. To the southwest of 
the high ridge e:xposed between Little Rock and Gat e t be greater 
pal't of the country is involved in glacial outwash prairies. In 
places along 1 ailroad, stream, or wagon road cut the older 
bed-rock Eocene formations are exposed. The Eocene forma
tions here contain a larger amount of sedimentary mate1·jal m 
which igneous flows arc interbedded. 

E LK CREEK AND CHEHALIS RIVER AREA 

GEJOGRAPHIC DJSTRTB U'l 'ION. 

This area is situated in the southwestern comer of Lewis 
County in Townships IS and 14< Nol'th, Range 6 W est. It em
braces the drainage nrea of the south branch of Chehali River 
and F.lk C'reck. The belt is traversed by the Willa.pa Harbor 
branch of the Northcm Pacific Railway. The a1·citl boundary 
lines of the formation have in certain pJnces been definitely estab
lished. In many other localities because of insufficient outcrops 
the contact has been only approximately drawn. The bed-rock 
fonnntions of the entiL·e drainage area of Elk Creek arc a·lmost 
entirely composed of basaltic rock. Beginning at a point one 
mile we t of Pluvius on the railway in Section S, TO\\'nship 1~ 
North, Range 6 West, the contact between the Eocene and 
Oligocene swings about Nort h 45° West and follow. along the 
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high ridge which forms the divide betw.een Elk Creek on the 
ea.st and Mill Creek, Wilson CTeek and the head waters of North 
River on the west. At the head of Martin Creek, one of the 
tributaries to No1·tb River, the contact swings northeasterly, 
crosses the Lewis-Chehalis County line in the southeast quarte1· 
of Section 7, Township 15 North, Range 5 West and appears 
in the railway cut of the Grays Harbor branch of the 0.-W. R. 
R. & N. Co. in Section 5 of the same township and range. It 
passes thence into the Black Hills area already described. The 
south boundary of the area may be arbitrarily chosen as the 
Lewis-Cowlitz County line. The areal outcrops of this forma
tion extend much farther south, but for purposes of descTiption 
they will be considered in connection with the Columbia River 
area. The eastern contact of this belt is very indefinite. Along 
the soutl1 branch of CbehaJjs River and from P e E11 southward, 
basaltic rock outc1·ops. These exposures are conspicuous in the 
high ridge immediately east of the river. On the eastern side of 
this ridge in the va11ey of the headwaters of the main branch of 

Chehalis River the bed1·ock formations disappear from view. 
The entire country is covered with very thick deposits of non
consolidated sands and clays. The last bed-rock outcrops to ap
pear a re basalts. In the intervening area between the valley of 
the main branch of Chehalis River from Ceres to Wildwood on 
the west and the main line of the Northern Pacific on the east, 
occasional outcrops of bed-rock formations may be seen in the 
small canyons. These outcrops are partly of Eocene sedi
mentary origin and pa1·tly of Oligocene and w-ill be described in 
the Cowlitz River area. It seems best to construct the eastern 
areal contact of the Elk Creek-Chehalis area on the easter~ side 
of the valley of the main Chehalis River from Wildwood north
ward to Boistfort and from thence to a poi11t on the Willapa 
H arbor branch of the Northern P acific two miles west of Adna. 
From Adna the contact extends northwesterly along the divide 
between Bunker Creek and Chehalis River. Sedimentary rocks 
probably of Eocene age outcrop on Bunker Creek and contain 
carbonaceous seams. From the head of Bunker Creek the con-
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tact extends about Nor th 10° West past tbc head waters of 
Lincoln and Indep endence creeks and on the north side of the 

latter in ection 9l6, Township 15 Nol'th, R ange 5 , v est, swings 

northeasterly and appears in the railway cut of the Oregon

Washington Railway and Navigation Co., in Section 10, Town
. hip 15 North, Range -1 We. t. It then passe under the allu,·ium 

of Chehalis River Valley and connects with the ba altic area at 
Gate in the Black Hills area. 

CTIARAC'l'Jm OF Ou'l'CrtOPS. 

That part of the area under consideration outh of the Willa

pa Harbor branch of the Northern Pacific Rai lway is mountain
ous in character an<l very inacccssihlc. I t is densely timbered 
and logging ha. not been attempted on any large scale. Along 

the south branch of the Chehalis R iver due south fron1 Pc E ll 
rock outcrops a rc 1tbunda11t. ~r hcy fl.r e fllmost entirely com
posed of ha alt. Occasional hund:. of sanely sha le a rc intcr

oeddcd. In Section 10, 'l'own"hip 11 No1'th, R ange 5 ,I\Tcst, 

qua r tz veins occur in the basidt. T hese arc said to carry low 

values in gold and have been mined on R ,·c ry small scale. 
Along the line of the ·w illapa H arbor branch of the Nor

thern P acific R ailway in the canyons of Chehalis R iver, out

crops of basalt a re very co111n1011. Along the divide in the 
vicinity of P IU\·ius, R ock Creek ancl ) IcC'onnick, the rive r has 

cut its channel into bed-rock. T he surface ex posures, however, 
a. re more commonly composed of thick deposits of P leistocene 

chlys and sfl.ncls . At various in tc1·va ls from P c E U to Doty and 
from Doty to )lcskill, lnvrnJt with occasional inte1·beclde<l lttycrs 

of sandstone and ,;h a le a re very conspieuous. 

A traverse line was rnn from Doty westerly to the he1ul 

wate rs of Elk Creek. T he surface rncks in t his d rainage bas in 

arc fo r the most part compo. cd of grnvcls, sands, a nd days. 
rl'hrough these, E lk Creek has carved its cour:;c and ex po eel 

a long its bed outcrnps of ha.snit. These arc exposed in places 
a long the creek for a dis tance of six miles west of Doty. F rom 

there we terly to the head of the smaller hrnnchcs of the c reek 

tile boulders along ib- course a rc composed of ba!-a lt. On the 
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headwaters of North R i,·er iu the north half of 1~ownsl1ip 1-!. 
North, and the southeast quarter of Towmihip 15 North, R ange 
6 West, basaltic outcrops make their 11ppcarancc. 

DrVIDE BETWEEN COLUMBIA AND WILLAPA RIVERS AREA. 

GFJOGILU'HlC O!STHJBO'J'TOX. 

The Eocene formations occurring \1'itbi11 this area involve a 

belt approximately tweh-e miles in width and thirty miles in 

length. The belt extends diago1rnUy from Willu.pa Harbor 
across P1.tc ific County southeasterly to the point where L ewis, 
Cowlitz, ,vahkiakum and P acific counties meet. Its northeast

ern contact with the Oligocene edimentaries cro se No1·th River 

in Section Sl, Township 16 Nortb, R iu1ge 9 W est. It continues 

southeasterly tlnough a country where rock outcrops are very 

scarce and consequently the line as drmrn upon the maps is 011[~1 

approxi1mite. Between the towns of R aymond and South Bend 

its position is more definite. A quarry has been opened in the 
Eocene ha~alts oue and oi1e-half mile northeast of South Bend 

in Section ~S, Township 14 North, Range 9 W est, mid 011e-half 

mile cast of this locality Oligocene sandstones and shales form 
prominent outcl'ops. From South Bend the contact trends about 

South 40° East and c1·osses Trap Creek two miles south of Hol

comb Station in Section 11, Towi1ship 12 North, Range 8 W est. 

It continues more neurly east along the west-east center line of 
Township 12 North, R ange 7 W est 11nd then tums north cross

ing the railway about one mile west of Plm'ius Station. 

The sonthwcstcn1 contact of thi hell is near the 1101·th end of 
Shoalwater B ay. ]!'ro111 this point it trends nearly South 40° 
East. It pusses through Sections ~6, 27 and 28, r.rown hip 11 
North, R ange 9 West, and nearly clue cast across the center 

of Township 11 North, R ange 8 \Vest, und finally enters W ah
kiakum County. It can be obser\'ed on the left fork of Grays 
River and near the beacl of Fossil Creek. 

In Section 11, '!'own hip 10 North, R ange 1 West, a small 
tongue sb11pecl spur tL·cnds southwesterly for a distance of five 
miles. T his narrow bancl is about one mid one-half miles in 

,1'idth . [n the south part of Section 18, same township and 
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range, the contact extends nearly due east through the center 
of the township just east, and crosses the bead waters of the 
several branches of Skamokawa River. It crosses t11c left and 
right branches of Alockaman River in Sections 21 and ~S, Town
srup 10 North, Range 5 W est, and extends into Cowlitz County. 

CHAUAC'.l'IDH OF OOTCUOPS. 

This broad be]t of the Eocene formation, whose areal limits 
have just been defined, occupie the divide between the drainage 
Bowing northerly t9 the Willapa River basin and that flowing 
southedy to the Na ·el and Columbia River bitsius. This divide 
ranges in elevation from two lmndred to fifteen hundred feet 
above sen-level. It is very heavily timbered and in places at the 
headwaters of the several creeks there arc steep escarpments. 
Disintegration of the rock formations has prodllced a very thick 
covering of soil which, together with the accumulations of veg
etable material, render rock exposures difficult to find. In addi
tion to these deposits produced by weathering there arc forma
tions of clays and sandy clays, together with gravels somewhat 
bedded and very loosely consolidated. These vary in thickness, 
ranging from a few feet to over 100 feet. No fossils are found in 
these and they undoubtedly represent river deposits formerly 
laid down over this region when it possessed a much lower eleva
tion than it has today. 

As this divide gndually approaches Shoa]w,tter Ray and 
WilJapa Harbor the Eocene formations become thickly covered 
n°ith Pliocene or Pleistocene sands, gravels itod clays. Along 
the shore at Bay Center, the mouth of Ne.mah River, and at 
Bruceport, the young horizontally bedded sediments are well 
developed and only in a few places back from the shore do the 
bed-rock formations outcrop. 

Exposures of Eocene basalt may be seen in the city of South 
Bend and just south of town on the trail to Nemah. One of 
these outcrops, within the city limits, is being quarried for road 
material. In the several street cuts of the city the nearly hori
zontal Pleistocene clays may be seen overlying the basalt. 
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From South Bend a wagon road extends almost due south 
fo r a distance of five miles and then continues as a trail on to 

N emah River. For the first three or four miles south of the 
city limits, the country is comparatively flat and about two 
hundred feet above sea level. Numerou mitll creek have cut 

their canyons into this flat sul'faced country and where the trail 

pa ses along the walls of the e small Yalleys exposure of bed
rock may be seen. In every case these are of basalt. At the 
point where the trail cro se the north fork of Nemah River 
outcrop of sandy shale may be seen in it. bed and along its 

banks. rrhe material i massive in character and no strike and 
dip could be obtained. The care believed to be interbeddecl with 
the basalts. From Nemah postoffice a road extends up the 
middle fork of Nemah River for a distance of five miles. At 
several points along the river the same sandy shale outcrops. 
In the northwest corner of Section SO, Township 1~ North, 
Range 9 ,/\Test the road cros cs from the south to the north side 
of the river. In the road cut about 500 feet south from the 
bridge, exposu1·es of sandy hal~s and shaly sandstones are 
well developed. Observations on t he strike and clip were taken 
at this point and yielded the following data: Strike No1·th 20° 
West, clip 30° to the southwest. Thence the road continues on 
for some distance and then become a trail whi ch has be
come grown over so as to be no longer usable. Obsen ations 
were made on the character of the rock up to the head of the 
river and such exposures as could be seen were of sandy shale. 

From South Bend a road extends southwesterly to the P alix 
River. The greater part of th is distance is covered with late 
Pleistocene sands and shales. In everal places, l1owever, the 
bedrock, consisting of basalt, is exposed. 

In the high ridge extending from Nemah H a rbor southeast
erly and lying between South Nemah and Nase] rivers there 
nre exposures of basalt. These a re usually heavily covered 
with sands and clays. The majority of the exposures occur
ri.ng along the banks of Nascl River are of Oligocene age. On 
a small creek in Section S3, Township 11 North, R ange 9 
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West, basaltic outcrops are well developed, and interbedded 
with these are sandstones. I n Section flO, T ownship 11 Nortl1, 
Range 8 W est, the contact between the basalts and overlying 
sandstones and shales crosses Nascl River. From this point 
northward the rive1· flows tlwough a gorge with steep rocky 
slopes. A second gorge is well dm•eloped from the junction of 
the north fork of N asel Rive1· and the main stream. This con
tin ucs easterly a little over one mile to the point where Alder 
Creek enters Nascl R iver. About 500 feet up Alder Creek north 
from its junction with the main Nascl R iver, volcanic tuffs, to
gether with shale , arc intcrbedded with volcanic lams. 'l'bey 
have been much disturbed by faulting and contain ma.rinc fos
sils. A traverse line was run to the head waters of Alder 
Creek over the main divide and thence down to Trap Creek. 
Along the Alder Creek portion of the traverse such exposures 
of bedrock as were seen were composed entirely of basalts. All 
the boulders and stream pebbles were of the same material. 
Along the main divide the bedrocks are heavily covered with 
sands nnd chtys 1tnd a dense growth of forest. In places bould
ers and blocks of hard, ma sivc, bro1n1, coarse grained sand
stone were occasionally seen. T hey seem to be portions of j11tcr
beddecl layers of sedimentary rocks between the basaltic flows. 

On the nol'th side of the divide in the valley of Trap Creek 
very few exposures of bedrock occur. The bouldct·s in the 
streams arc almost entirely composed of basalt. The hill slopes 
arc thickly covered with residual soil in addjtion to the Plicsto
ccnc sands and clays. Small outcrops of basalt were seen on 
the north side of Trap Creek about th ree miles south of Willapa 
R iver. In Section 3, Township lfl North, R ange 8 West, at-a _ 
point wlierc the main trail crosses Trap Creek, sandy shales out
crop in the bank of the river. T hey have a strike of North 20° 
East and dip 30° to the northwest. Further observations were 
taken on sandstones and shales in Sections 1 and 12, same town
ship and r ange, and from their lithological character they 
were thought to be of QJjgocene age and the basaltic contact has 
been drawn just south. The sllncly shale mentioned as occur-
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ring in Section 3 is probably a sedimenta ry layer interbedded 
wjthin the basalts. 

About one mile west of Holcomb basalts form prominent 
outcrops along the Northern Pacific Rai lway grade and con

tinue over the Willapa-Chehalis divide to P e Ell. West of the 

contact rock exposures are not well developed, but such as do 
occur are a part of the overlying Oligocene formation. 

A traver e line was run from the N9rthern Pacific Railway 

at R aymond southward, up the . outh fork of Willapa R iver and 

detailed observations made on the va rious outcrops along the 

traverse. In the north half of Section 6, Township 13 North, 
Range 8 West, the ha alt contact was found to cro s the river, 
to extend southeasterly and again recross it in the west half 
of Section 8, the same township and range. On the northeast 
ide of the contact marine fossiliferous sandstones and shales 

of Oligocene age were seen clipping at an angle of 35° to the 
northeast. Within the basaltic areas extending southwesterly 
from the contact, numerous bands of sandstones and shale oc
cur interbeddecl w.ith the basaltic layers. No fossils could be 
found within these. Stratigraphically dO\mwards from the 
Eocene-Oligocene contact the interbedded sedimentarics become 
less numerolls and much th inner, and ultimately entirely ·disap
pear. In every case the upper limit of the basalt has been 
chosen as the contact between the Eocene a11d Oligocene forma
tions. The interbedded sandstones and shales are regarded as 
belonging to the Eocene. Fllture detailed studies may prove 
that a part of the basalt belongs to the Oligocene. 

On the left fork of Grays River, Oligocene sandstone and 
shales were found to outcrop as :far as the boundary line between 
P acific and v\Tahkialmm counties. The basaltic contact occurs 
approximately on the line between Section 5, Township IO North, 
Range 7 , /\Test, and Section 32, Town hip 11 North, Range 7 
West. Near the contact, layers of basalt interbedded with sand-
• stones and shales begin to outcrop. In places layers of tuffaceou 

material a re interstratified. }?or a distance of one-half mile 
north of the contact the sediments are quite commonly interbed-
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ed with the basalts. Beyond that point basalt pxedominates. 
About one-ha1f mile north of the junction of the left fork of 
Grays River and the main branch, on the former, the contact 
may again be seen. Sotith of this contact the lower Oligocene 
shales and sandstones are well developed in the river banks, 
dipping southerly away from the basalt. Just north of the 
contact sandstones are interbeddcd with the basaltic layers. 
At this point, on tl1c east bank of the river, a small diabase dike 
cuts the sedimentary rocks. Along the upper branches. of the 
left fork of Grays River tuff aceous layers are very conspicu
ously interbedded with the basaltic flows. On the main brancl1 
of Grays Rivex in Section ~O, Township 11 North, Range 6 
West, about two miles north of Blaney Creek the tuffaceous 
and sha]y layers outcrop very prominently. Marine fossils are 
very common in the shales. The shales are somewhat baked 
and never exceed over 100 feet in thickness. The creek flows 
through a very narrow valley and at a point near the j tmction 
of Blaney Creek flows through a gorge of basaltic rock. The 
headwaters of the several branches of Grays River lie entirely in 
basaltic areas. The fossiliferous shales above mentioned are 
lower Oligocene. 

The contact between the basalts on the east and the overls
ing fossiliferous sandstones on the west occm: in Section 11, 
Township 10 North, Range 'i West. The basaltic hills trend 
southwesterly and form the divide between Grays River on the 
not·th and the west fork of Skamokawa. River on the south. 
This divide is about 500 feet in elevation and thickly covered 
with Pliocene sands and clays, although basalt outcrops m 
places. 

On the main fo rk of Skamokawa River, basalts occur 111 

the hillside t hroughout the north half of Township 10 North, 
Range 6 West. The creek valleys are commonly filled in with 
gravel and sand, but the basalts outcrop on the divides. The 
exact position of the contact could not be determined, but has 
been approximately drawn midway between the last outcrops of 
sedimentary rocks and the first outcrops of basalt. 
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On WiL on Creek, which enters the main branch of Skamok
awa R iver in cction ~9, T ownship 10 North, Range 6 ,v c t, ex

posure of edimentary formation occur at variou points up 
to the ba alt contact which lie. in Section 2±, Township 10 

North, Range 6 West. The sedimentary rock con ist of iso
lated expo ure along the river banks until the river valley 
flattens out and no more outcrnps arc seen. From that point 

northward the boulder in the creek are composed entirely of 
basalt and such expo lHes in the hill as arc not covered with 
Pliocene sands and clay are al o composed of basaltic rock. 

The contact ha been drawn at thi point as may be seen upon 
the accompanying maps. To the ca. t of "Wilson Creek in Town
ship 10 North, R ange 5 \Vest, outcrops of basalt a rc common. 
The contact between this formation an<l the marine Miocene 
rock to the south crosses the left fork of Alockaman R iYcr in 
the south hnlf of Section ifl, Township 10 North, R ange 5 
W est . Near the contact in the basalt some mining deYelop
ment work has been done upon small quar tz veins said to carry 
low values in gold. ·rbi. contact cros e the 1·ight fo rk of the 
river about two miles due ca t. To the north ou the hcudwat(' rS 
of the Alockaman R iver and on the divide lcuding over the head
waters of the south branch of Chehalis River the 1·ock formations 
n rc entirely of basalt. The di,·ide has an elevation of o,·er 1,500 
feet and the several brnnches of both rivers flow through deep 
gorges cut in to the basalt. 

T,TTROLOCY. 

'rhe Eocene formations along the divide between Willnpa 
R iver a nd the Columbia are composed for the nio t part of ba
saltic 111.vas and tuffs. I ntcrbedded with these nre shales, sandy 
ha les, sha ly sand tones, and andstones. The ba altic lavas 

appear in various phases, ranging from the fine-grained, 
dense black specimen to tbe highly Ye ·icular type . l\Iixed 
,,~ith these arc fragmcntal layers in which huge angular bloch 

ninge in !lize from a few inches to se,·eral feet in diameter. 
These a.re imbedded in the finer grained basal.ts and A.ll show 
the effects oF flow action . The sandston es arc coarse-grained, 
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of a grayish brown colo1· and fairly hal'd, but not widely dis
tributed. 

GEOLOGfC S'l.'llUC'l'C'RE. 

The structure of the area under consideration is very com
plex. In its brond general features there is an anticline trend
ing approximately North 40° ,"7est from Willapa H arbor, but 
in the vicinity of the headwaters of Grays River it tllrn:; and 
extends nearly due ea t along the divide between the head
waters of the Alockaman ancl the south branch of Chehali s 
River. Along VVillapa River on the northeast side of the u.nti
cl inc the overlyjng Miocene rocks arc clipping to the northeast 
at angles ranging from 7° to 35° . On the south side of the 
anticline on Salmon and Nasel, Gray and Alockaman rivers, 
the average nnglc is 30° to the outhwest, but ranges from 3° 
to 60° in various places. 

CATHLAMET-GERMANY CREEK AREA. 
GEOGRAPUIC DIS'l.'RlBUTION. 

The area involved in this district ljes on the north side of 
Columbia River in the southeastern part of Wahkiaktm1 County 
and southwestern C°'vlitz County. It embraces the northwest 
comer of Township 8 North, Range S West, and the north 
halves of Townships 8 North, Range 4, 5, and 6 We t, the 
west half of Township 9 North, Range 3 West, and the lower 
two-thirds of Townships 9 North, Ranges 4, 5, and 6 West. 
The south limits of the district are defined by Columbia River 
and the north limits by an east-we t belt of marine Oligocene 
sedimentary rocks. The north contact between the Eocene 
basalts and the Oligocene sedimentarics begins about one mile 
north of Skamokawa. From this point it extends nearly due 
cast for three miles and then turns southeasterly and crosses 
.A.lockaman River in the north half of Section S2, Township 9 
North, Range 5 West. H ere it swings around on the east side 
of Alockaman River, and in Section 10 swings back again to the 
west side of the river, and then recrosses in Section 2 of the same 
tonrnship and range. It cros es from Wahkiakum into Cowlitz 
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County and may be traced across the head water of Aber
nathy and Germany creek . I n Section 18, T ownship 9 North, 

R ange S West the overlying Oligocene . ecl imcnt thin out and 

di appear 1a11d the basalts arc arcally connected with those in 
the Coal Creek and Arkan as Creek areas which lie to the ea t 
and uorthea. t. 

Clli.RACTIDR OF OUTCROPS. 

AJmost the entire area of thi district is compo, cd of ba

saltic rock. It is not always exposed at the urface, however, 

because of the extensive covcriJ1g of P leistocene sand and clays. 

The efovg,tions range from u fow foet to 1500 feet above ea 
level. The area is dissected by several streams heading to the 
north near the Cowlitz-Lewis Cow1ty line and flowing south
ward into the Columbia. These streams have developed valleys 
var·yiug from a few hundred feet to over two miles in wicHh. 
In most instances, however , the Yitllcy floors arc covered with 
alluvium. H ere and there exposuTcs of basalt may be seen in 
the stream b~:in ks. 

Detailed traverses were run along Alockanrnn, Skamokawa, 
Cameron, Abernathy, Germany and l\Iosquito creeks and from 
observation taken along these traverse lines the areal geological 
data as shown on the maps accompanying this report, have been 
obtained. 

F rom Oak P oint a logging railway owned by tbe Oak Point 
P iling Company extends up Cameron Creek for a clistance of 
seven miles from its mouth. F or the first t wo miles outcrop of 
basalt arc very 11nmcrous. The valley here is very narrow with 
steep slopes on either 1;ide composed of basaltic cliffs. 

For the next three miles the hiH;alt e~rposures arc not so 
prominent but may be seen wherever any grading has been at
tempted along the railway track. The basalt,- in the hills back 
from the track are covered with clay. At a point five lllilcs up 
the creek a basalt cliff, ha,1 ing an elevation of 50 feet, occurs 
on the cast side of the track. At this point on the surface 
there i about two feet of yellowisl, clay followed by several 
inches of black bituminous material which is in turn covered 
with a sandy c1ay. From the 1·esults of examinations made to 
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the west, this appears to lie between two basaltic flows, the 
upper one of which in this particular place has been removed 
by erosion. '!'he soil in the ,0icinity of the creek is of a reddjsh 
color and is clearly derived from the underlying basalts. The 
traverse ,vas extended up the creek two miles further and no 
more outcrops of basalt were seen. Such exposures as occm· 
in the banks of the creek or around upturned b·ee trunks show 
a light coiored clay. From the general appearance of the soil, 
however, the underlying bedrock is w1doubtedly basalt to the 
head waters of the creek. 

From the mouth of Abernathy Creek the Wi consin Logging 
and Lumber Company's railroad extends up the stream for a 
distance of nine miles to the forks of the creek in Section 6, 
Township 9 North, Range 4 West. At tbis point the main 
track leaves the creek and veers off in a 1101·thwcsterly direc
tion for a distn.nce of th1·ee miles. Frequent C)..l)Osures of ba
salt occur over the entire distance to the forks of the creek. In 
a number of places there are steep ba altic cliffs showing well 
developed colnnmar jointing. From the forks of the river 
northwesterly in ·vv ahkiakum County no further exposures of 
basalt "·ere seen. However, the1·c arc numerous cuts along the 
tl'llck in whicb clays appear. These are a bright reddish-yellow, 
white and cream color. At a point about two and a half miles 
west of the river in Section 1, Township 9 North, Range 5 

West, this clay is underlain with a bed of yellow sand, massjvc 
in character and with no bedding plains. 'l'hese may be a part 
of the interbedded Eocene sedimentary formations, or posstbly 
of late Pliocene or Pleistocene origin. In many places these are 
directly overlain by basaltic flows. 

At a point about one-half mile west of tl1e forks of the creek 
already referred to the same characteristic clay occurs, in
cluded in which arc angular fragments of light pinkish colored 
rock which when closely examined is found to be a distinctly 
altered vesicular ba alt. Li places the c clay appear to be • 
htffaceous. 

An examination was made of the upper bmnches of the 
creek to their headwaters. Only one outcrop of basaltic rock 
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was seen in place. Howerer the pebble and boulder in tl1c 
creek are composed of fine-grained black ba alt which occasion

ally is vesicular. 

A detailed traver e was made along Germany Creek from 

the point where it emptie into Columbia River at the town of 
Stella to its headwaters in the center of Town hip 10, Range 4 
We t. At a point about one-fourth mile northwest of Stella 
along the wagon road on the east side of the creek the ba altir 
rock is well exposed. T wo distinct flows 1tppear at thi place. 
The upper is a hard den e black rock, the lower i soft, runch 

decompo ed and in place distinctly tuff aceou , often as. urning 
a yellow to creamish color. 

The county wagon road extends up Germany Cr eek for a 
distance of four miles. Examinations ma<le along this road, ex
cept in the immediate vicinity of Columbia R iver, yielded very 
few outcrops of bed rock. Wherever exposures were seen, how
ever, they were entirely composed of basalt. In those localities 
where beclrock was not observed the surface soiJs were very 
heavily i rou-stained and the pebbles and fragments found in 

them were composed of very badly weathered basalt. 
F a rther north in ection 1, Townsh ip 9 North, Range 4 

\Vest, at a point where a small creek comes in from the west, 
a massive brown sand tone outcrops. No observations on 
stri ke and dip could be obtained here. Further examinations 
made up the creek near its headwaters, indicate the bed rock to 
be basaltic in character. 

LITHOLOGY. 

The Eocene formations in the area just described are almost 
entirely composed of basaltic and andesitic lavas. Such . edi
nientary rocks as occur with them consist of very narrow bands 
of shale or sandstone intercalated between the flows. These are 
commonly more or less carbonaceous. T he basalt as seen along 
Columbia R iver present a series of horizonta l layers resting one 
above the other. T he contact surfaces between these layers 
are slightly undulating. These layers vary considerably iu 
general appearance, ome being light and others dark, some 
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having been extensively weathered and others appearing ha1·d, 
dense and fresh. Some of these band A.re distinctly tuff accous, 
other arc Ycsicular a11d still others show well-defined flow 
structure. In numcrou places along the river cliffs there arc 
scams of clay between the individual lava flow often over two 
feet in thickness and in the c there arc sometimes very thin scams 
of cubonaceous materials. These facts indicate that the differ
ent bands represent individual lava flows. rrhe clays lying be
tween the different flows indicate that a considerable length of 
time intervened between the outpouring of each successive flow 
sufficient to allow extensive weathering of the rock prior to the 
outpouring of the next hwa sheet. The presence of carbona
ceous material between these layers indicate the growth of 
vegetation during the quiescent periods. 

GEJOLOGIC STR'GCTURE. 

\'ery little detailed information i at hand concerning the 
structure of the Eocene formations w1thin this area. Such datll 
as have been colJccted suggest that the formations have not 
been greatly disturbed since their deposition. They lie 11carly 

horizontal 11· ith very gentle tmdulations. These unduhitions nre 
not sufficiently prominent to be regarded as minor syncline and 
anticlines. On the north ide of the bdt an east-west synclinal 
trough ha. been developed. In the center of it the Miocene 
sedimentary rocks arc nlso folded. These lnttcr uc to the north 
of the district and will be considered in the discussion of the 
Oligocene areas. 

Because of the very thick veneer of Pleistocene sands, clays 
and gravels which o,·erlie the bed rock Eocene formations, 
faulting is very difficult to detect. :Minor fault plains ranging 
from a few inches to two or three feet arc common, hut arc local 
in character. They ha,"e no prevailing direction. 

ILWACO AREA. 
GEOGRAPHIC DIS'l'RIBUTIO~. 

Eocene formations outcrop prominently in the high rugged 
rocky point at the north entrance to Columbia River. About 
th ree square miles of tenitory a rc invohecl. 
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The t·ocks outcropping .in the point south of Tiwaco attain 
an elevation of 200 feet aboYe sea level. T he west ide of this 
headland is dir ectly eA'})osed to the waves of the Pacific Ocean. 

T wo points jut out into the ocean, namely North Head and 
McKenzie Head. Even at the lowest tides it is impo ible to 
})ass around these point. but between them are cove with 
broad graveJiy beaches and back of these beaches the elevations 
are comparatively ]ow, forming . hallow divide with the area on 
the ea. tern ide of the cape. The eastern shore i more or less 
protected from the action of the ocean and in recent. years 

shoaling has occurred to such an extent a. to build up promi
nent sand spits. This high rocky cape ends abruptly immedi
ately west of the town of Ilwaco and the couutry from that 
point northward is largely composed of low hills of P leistocene 
gravels. Near the ocean a sandba r ha been developed to the 
north for a distance of fifteen miles. 

LlTIIOLOGY. 

'l'hc rocks involved in Cape D i. appointment are entirely of 
Eocene age and composed of va ried types of lava flows, inter
bedded shales and sandstones, tuff aceou. layers and fragmental 
material. The surface of tl1c cliffs are covered with polygonal 
shaped blocks, due possiblJ to contraction at the time of cooling. 
A imilar condition prevails on the north side of McKenzie H ead 
Along the ea tern liore of Ihrnco Point about one-half mile 
south of the town of Ilwaco, hale and sandstones are inter
bedded with the lava. On their upper surfaces where they come 
in contttct with othct· ba. a.ltic flow. they are baked and slightly 
metamorphosed. In places, especially at a point one mile 
north of Fo1·t Canby barracks, both the volcanic layer as well 
as t he sandstones and shales are cut by diabase dikes. On the 
opposite side of lJ waco Point north of l\IcKenzie H ead similar 
shales appear interbedded with basalt. H erc they arc badly 
baked, twisted and squeezed as 011 the ea tern side. About one
half of t he entire assemblage of volcanic materials occurring 
in this area is composed of tuffaceous and fragmental rocks. 
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These are firmly cemented and alwnys show con:;idcnthlc altcr
ntion . (PJA.tcs XIY and XY.) 

Gl~OLOGIC STRUCTURE. 

Because of the crushing which the Eocene rocks in IJ,ntco 
Point have undergone, tl1e detailed structure is difficult to de
termine. Observations taken on trike nnd dip of the inter
bedded shales on the eastern side of the point sho,v an al'ernge 
strike of ncnrly north and south with a dip ranging between 
thi rt)' and fifty rlcgrcc to the east. Just cast of this point · 
and one-half mile eust of lJwaco p rominent cxpormrcs of inter
bedded shales and sandstones outcrop on the beach. These 
have an ,weragc strike of North 30° East, and dip about 57° 
West. There arc no volcanic materials in this locality and they 
arc presumably younger than the Eocene. [f so, there would 
~tppcal" to be a fault trending ne11.rly north and south through 
the to11' n of Ilwaco which has thrown the strata on the eastern 
side of Ilwaco Point dowmv1trrls. 

LOWER COWLI'l'Z VALLEY AREA. 
C:EJOGnAPIJ IC DTS'l'RJBt,;'l'JOl\. 

The 1trN1. involYed in this particnJ11,r district is ~ituatcd in 
the Cowlitz River valley and extends from the town of Ca. tle 
Rock northward to Winlock, a distance of about fifteen miles. 
The larger µart of this distance is tnwcrsccl by Cowlitz river 
which trends nearly north nncl so11th, but in Section ~8, Town
ship l 1 .~forth, R ange Q " 1est. it turns abrnptly anrl extends 
nearly due cast toward the summit of the Ca cade . At tl1e 
town of 'Winlock, Olequah Creek occupies a wide Yalley, trending 
a little west of south to the to'lrn of Yadcr wl1cre it joins Still-
1rnter Creek . F n.rtltcr south the latter creek empties into ('ow
lib: River. 

CflARAC'J' MR OP Otl'J'CROPS. 

Both sides of the valleys j m,t mentioned ,trc bordered b_v low 
wooded hills. The entire region has been more or less heavily 
covered with Pleistocene grtwels and sands. These have in pi1.rt 
.been sub. cquc.ntly cut into and removed by the existing streams. 
Along the banks of Cowlitz River and also along those of Still-
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water and Olcquah creeks there aTc occasional outcrops of Eo
cene formations. The Northern P acific Railwa_y grade fron1 
Ca tle R ock to \Vtnlock lies very close to Cowlit:,. River and 
also to Olequah Creek. At a number of localities the railway 
cuts lun-e exposed the Eocene sb-a tn. A trnverse line has 
been extended along the railway trnck ancl also 1dong both 
Stillwater and Olequnh creeks. All of the Eocene exposures 
have been tied in so that their exact 1,osition has hccn lo<'tLtcd. 
Observa tions ha,·e been taken on strike and dip nt every point 
possible an<l tied into the tn1serse line, as may be ,-een on Plate 
XVI. 

Beginning a t the town of Castle Rock and extending north
,, arcl for a rlisbrncc of two n1ilcs the only 1·ot'.k exposures arc 
hori:,.ontally heclclcd gn'J.\·d s, d1tys and s1tnds of Pleistocene age. 
Near the ,junction of Toutlc and Cowlitz rivers basalts a:1d 

sa_ndy shales arc found intcrbcJded. The basalts occur dis
tinctly a s flows and exhibit wd1-de6ned columnar s tructure. 
N ea.r the base of these flows the Jiwa is somewhat tuffaceous and 
tigglomeratic. From Toutle River nol'thwurcl for two mile,, th l.! 
Eocene formations are not exposed. The first outcrnps en
countered, however, arc intcrbcddccl basaltic flows and slmle:-.. 
Immediately south of the railway crossing of Cowlitz River u.n 
cxtensiYe lrnsaltiC' flow appears hin •ing a. strike of North SO 
West and a dip of 10° to the northeast. After crossing ('o,v
lit:r. RiYel' the ~orthcrn Pacific R ailway grnde extends along 
the west side of Stillwater Creek to the town of Ya.dcr. Ex
posures of Eocene roC'k arc to be found in the railway cuts for 
a considernblc part of this distance. The formation as here 
exposed consists of intcrbeddcd marine and brackish witter 1;iind
stoncs and slrn.les together with interbedcled ha. a.It flows. The 
prevailing s trike of the formation in this vi<'inity is North 30° 
W est with dips to the northeas t ranging from 20 ' to 80° . 
Tbis portion of the forn1ation is strutigrnphically higher than 
tlHtt just mentioned on the ra.ihrn.r crossing on the Cowlitz ,rnd 
Toutlc rivers. It lies stl"atigraphicnlly below the Eocene t' x-

- G 
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posures extending up StilhrntN' Creek from its junction with 
Olequah Creek. 

From the junction of OJequah ancl Sti II water nceks cx

posu rcs of the Eocene formation extend almost continuously 
up the former creek to Winlock. No igneom, rocks of any nature 
were found in this portion of the series. T he prevailing type 

of rock is a shale or , andy shale, partly marine and partly of 
brackish water origin. The . trnta have ft predominate north
westerly strike with R very low average dip to the northeast. 
In section 9l8, Town hip 11 North, Range 92 ·w est at the big 

bend in Cowlitz River, steep cliffs of . hnlc arc exposed for a 
distance of one-half mile. These contain an extremely rich 
marin e T cjon fou1ut r epresented by fossil localities Nos. ~3~ 

tlnd !'l38. 'I'he strata llt tl1is lorality have a s trike of 4!5° to the 

west nncl dip at an angle of 8 ° to the northeast. T he intcn·en
ing an·~t bct11·cen this locality and Olcquah Creek is entirely 

covered with Pleis tocene grnvcls and sand. The sarne strnta, 

however, nppear to cross Olcquah CL'eek in Section 8, Towu ship 

11 North, Range- 2 ~ 'est. At thi,, point on Olcquod1 Creek 11 

similar, a lthough not so complete, nm rine Eocene fau111t occurs. 

At a point about one mile south of Winlock stat ion in the h1:uiks 

of Olcquah Creek shales nre ex posccl, containing a marine in
vcrteb rnte ftnu11i !-01ncwhat diffc 1·e11t front the underly ing T ejon. 
A number of Olig ocene species occur, such as Xucula ilalli n. 

sp., Solen parallelus , Mrl Macrocal/iRfa pittsl,urgensis D all. 
The strike of the strata id this point is North 20° W est and 

the clip -!, ' to the northeast. Just north of " 1inlock s tation 
. imiliir strata arc cxpost1l having a sfrike of North 75~ ·w est 

a nd a clip of ~2° to the northeast. These shale~ ronbiin a 

fauna having :\fioccnc charnctcristir . . 

S'J' LUT l GTL\ PH¥. 

The lowest Eocene beds expo eel in the aren under discus

sion 1u·r to be founcl in the rai'lroacl cuts 11.t the T outlr Rive r 
raihv1ty crossing. The ·trata outcroppi ng fn1111 this point 
northward to the Cowlib; river mi]wa_y crossing 1u·e ,rnccc,-sivc

ly stratigrnphically higher. The ame condition holds t rue from 
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Olcqunh nor thward to Winlock. Altogether a.pproximatcly 

eight thous1incl feet of strnbi ut·e involved. The contact be

tween the Eocene and 1'1iocene is at n point ,1.bout one and one

half mile,; south of 'W inlock. vVhethcr the two fornw.tions arc 

unconformable or not, could not be determined. T he strike and 

clip of the hrn arc approximately the san1e. lt is possible thlt"t 

deposition went on c·ontinuously from Eocene to Miocene ancl 
that the non-fossiliferous shales intervening may be Oligoc·enc. 

C: 1,;QLQ(;JC S1l'RUCTORE. 

The prcdo111inant structure in the Cowlitz \'itllcy region i:,:; 

that of a northeasterly pitching monodinc. Fro111 Castle Hock 
north,rnrcl to the rnilw,ty ('rossing at Cowlitz River the prevail

ing strike is near!~, cast and west with n low dip ranging from 

4< 0 to 1~ to the north. At it point scvcrnl hundred feet south 
of the Cowlih Rive r rnilway crossing, the 1<:ocene strata niukc 

a sharp turn and strike to the northwest i11 1i dit·ection npproxi

matcly North 30 ° W est, with a low dip to the northeas t. At a 

point about 1,000 feet north of Vader the re is a slight huckling 
of the strnta in the flank of this northeasterly pitching mono

cline. Tlie buckling is sufficient to form 11 very slrnllow 11.nticlinc, 

tr<'llding North 40 W est and c t·ossing Olequa.li Creek about 
three-fourths of a mile north of Vader. The strata ex posed at 

the axi:- of this buckle or anticline reappear at the surface on 
Olequnh Creek ne,u its junction with the Stil lwa ter. 

North of W inlock Eocene exposures arc heavily covered 
11·ith PleistOC'Clle sands 1md gravels. Occasional outcrops of 
sandstone occur resting· horizontal. They first reappear high
ly tilted and pitching to the south in tht· riC'inity of Chehalis. 

It is probable that a broad sy nclinft) t l'Oug-h trending northwest 

and southeast occupies the inte rvening area between W'i11lock 
and Chehalis un<l that the extrerne lower portion of the Oligo
c·cnc may lie in this depres~ion. 



CH.APTER .J,. 

OLIGOCENE F'OIUIATIONS. 

GEl\"ERAL STATEMENT. 

The use of the term Oligocene a: applied to marine forma
t ions of the Pacific Coast i. invohed in controvc1\ y. Early 
in ve t igators of we·t coa t geology diYided the Terti,u-y into 
the Eocene, l\Iioccnc and Pliocene period . Later tudies bowed 
that a well defined and widely . pread unconformity existed in 
the middle Miocene. Certain dcpo it · which had fonner1y been 
regarded as Miocene were found to contain a fauna po ses. ing 
Eocene as well as :Miocene charact eristics . Such depo. its wel'c 
finally regarded as being the sa111e age a s tl1e Olig ocene of 

Europe. At the present time there is no g cnernl 11.greement 
on the west coast a to whel'e the line between the Oligocene 

and lower Miocene slm ll be drawn. 
In the western portion of North America extensiYc lucus trine 

and land deposits were in ex.i t ence duri11g the Oligocene epoch. 
From these depo its a rich fossil mitnm1alia11 fauna has been 
collected. Detailed stud_ie- have been made 011 the e,·olutionary 
development of these forms of li fe and as a result it i,; po ·siblc 
to recogni:tc several divisions of the Oligocene. Unfortunately 

up to the present time it ha not been po sible to correlate the 
Ol igocene land deposits of the Gl'eat Ba sin und Rock.r Moun
t ain regions 11rith the deposits of marine origin in wes tern Cali
fornia, Oregon a nd W ashington . 

During the past twenty y ears certain fossiliferous s trnta 
occurring at A. toria, Oregon, ha,·e been recognized a s Oligo
cene. The shales and sandstones exposed along the south shores 
of tbe Strait of J uan de Fuca and at the entrance to the Brem
erton Navy Yard have in part been refcr l'ed to as Oligocene. 
P oorly preserved faunas hu.ve been found in shales in the C'oast 
R anges south of San Francisco and have been described ~tr- the 
Sa n Lorenzo formation. rl'his formation is reg iu·ded as Oligo
cene and the Oligocene strnta of Wa hington and Oregon luwe 
in part been cor related with it. 
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Oligocene deposits of weste rn W ash ington a re for the mo~t 

part of marin e origin. They have a total aggregate thickness 

of 15,000 feet and occur along the south side of the Strait of 

Juan de Fuca, in the Puget Sound Basin nnd in southwc!.tern 
Washington . Ma rine faunas arc abundant and constit ute cv
cral faun a! zones. The term Clallam forma tion is u.pplied to 

t he e st rnta . 
FAUNAL ZONES. 

Three fauna! zones arc rccog11izcd in the Oligocene of west
ern Wa l1ington. The strata containing each of these faunas 

arc referred to as horizon. . The fauna] zones beginning \\~th 
t he olde t are the l\lolopopltorous lincoln en is Zone, the Turri
tella portcrcnsis Zone and the Acila gcttysburgcnsis Zone. 

The coH esponcling sed imentary horizons identified by these 

zones a rc des ignated as the Lincoln, Porter and Blakeley. T he 
faunas occurring in each of the a bove Y.Ones arc distinct and 

many of t he species do not range int o the zones above o r below. 
There doe not seem to be s ufficient eviclcnce at the p resent time 

to warrant subdividing the Oligocene into t lwee formations. 

)lOLOf'Of'IlOHOUS LJ~COLXENSIS ZO~E. 

The type section in whi ch tbis zone oc·cu rs is situated in 
sout hwe tern Thn rston and northwest ern L ewis counties, and 

occupies an area of a bout 40 square miles. The distribution ns 
indicated upon Plate III is only approximate. The contact lines 

hiwe been drawn upon the bas is of very poor field evidence. It is 

'luite possible that cer tai n l,ale, occuning in Chehalis County on 
Porter Creek in Sections 11 and 14, Townsl1ip 17 North, R ange 

:3 W est, may C'ontain tl fauna belonging to this zone. T he sandy 

shales outcropping in the banks of Olcquah Creek in Sections 28, 
29, 80, 31, 32 nncl SS, 1~own hip 1~ North, Hange 2 \Vest, near 

Vi7inlock, iu·c pres11m1tbly a part of the L incoln 1-IoriY.on.• The 

urface outcrops a rc limited a nd arc included on Plate III with 

the T ejon formation. The covered a rea in Kitsap County, be
between the Eocene b,tsalts exposed at Charle ton and the shales 

• .\ft4!r lh<' prlntin{: of fh1• 111ops Olii:o<·<'n~ ro~s ll ;: wcr<' 1llscowrcd. 
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and conglomerates nt Rich P assage, may aho in part belong 

to t.his horizon. 
The most characteristic species of this zone arc : .Jcila 

,Ychu111n rdi Dall, C'nnliu m lorc11zar1111n (Arnold), C rassatcllites 
wri.~hi11gto11ensis W eaver, Glyci111cris chchalisensis ,veavcr. P.it
a ri(l tlalli W caver, ,l/ acrocalli.sto 1,itt sbu rgensis D all, Dent r1liu111 
substrmni11ewm Con rad, Cal.If pt raea e:vcentrica ( Gabb), Ex ilia 

dickerso11i (Weaver), E,l'ilia li11col11ensis Wcan~r, He111ifu.sus 
wasliingto11cnsis ·w caver. Drillia heco.l'i ( ,.\ rnolrl), X atica li11-
col·11e11.~is W ea,·e1·, Jfolo17oplioro11.f li11co/11e11sis 1Vcaver, Strep
siclura wa.,hingtoncnsi.~ ,'\1cnvcr, and 'l'urris tlwr.yto111•11sis 
,vcavcr. 

The following ,;pccics arc common to tlw marine• 'l'cjon oc
cu 1Ting nt loc1tlit.v 1 on Cowlitz H.i,•cr cast of Yadcr nncl the 

)lolopophorous lincolncnsis Zone: Cras.rntcllitrs washington
en.~i.~ ,v caver, Leda gab bi C'on rad, S0le11 pa rallelus Gabb, Den
t aliu 111, sub st ra mi nN1111 Gabb, Calypfra{'(( ,,a.·c,•nf rica ( Gahh). 

E.rilia dirl.:crsoni ('V c,wcr), H emif nsus 1c·a.Yhi11gto11ensis °"'cav
c1·, a11d Strepsidu.ra orl·gone11si.~ D all. 

The following species 1uc• commo11 to the Molopopliorons 

lincolu cnsis Zo,w and tl1e Tul'ritella portercnsis Zone: Cardi11m 
lorl'llzm1um (Arnold) . Crenella porterensi.Y ,vcaYe l', Denta1ium 
sul,stra111i11 eu111 Gabb, Dri11ia lteco.l'i (Arnold), and Xatica 
u:ashingtonensis Wc•11xrr. 

Such forms as 1llarcia orego11c11sis Con rad, Pli acoidc.Y t1c1d

ili11eaflls Conrad, 'Th.1111sira bisect a (C'onrn<l ), and Thracitt 
trapc::oidea C'onrnd arc cntil'cl.Y absent from the :\folopopho1·
ous lincolensis Zone, although they arc nmong the most char
actcristi<' species in tlic T urritella portcrcnsis Zone at Porter. 

The fauna as ti whole is distinct from the T cjon fa11mt hcl01v 

and the Turritclln portcrcns i~ Zone• 1iLo,·c. 

TlTHRt'fF.T.T.A 1'0.H'l'l,Hf~N~ll'; ZO:-IR 

The type locality in "'hich the deposito.; containing this 
fauna occur is located in Grays H arbor County, in T own ship 17 
=',' orth, R iu1ge 5 vV est. Foss iliferous marine strnta occul' a Ion[!: 
the bluffs of ChclrnJis R ivcr both cast ,1nd west of the town of 
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Porter as well a on Porter Creek. Similar deposit occur at 
different localities on Lankner Creek to the south of Chehalis 
RiYcr in Township 17 North, Range 6 ~ Test. The faunas of 
this zone are di -tinctly different from the underlying :Molo

pophorou lincolnen is Zone a well a the Acila getty burg
ensi Zone of the Puget Sound region. The 1110 t common 
species occtuTing in this zone arc : Cardiw,n lorenzanwm (Ar
nold), Crenella porterensis Weavel', Malletia chelialisensis Ar
nold, Marcia, oregonensis (Conrad), Thracici trapezoidea Con
rnd, Thyasira bi sec ta (Conrad), Phacoides acutilineatus ( Con
rad), Drillia, hecoxi (Arnold), E,vilia lincolensis Weavc1·, and 
Turritella portere11sis Weaver. 

·rrhosc forms which ure common. to the Molopophorous lin
colncnsi Zone and to this zone haYc already been me11tioned. 
)la.uy of tbe species occurring in this zone arc very common 
to the Aciltl g ettysburgcnsis Zone ancl .it i. possible that the 
extreme lower portion of the stratigraphic section exposed at 
the entrance to the Bremerton Navy Yard nHiy be the eq uiva
lent of the uppe1· beds at Porter. Such species as Acila gettys
bur gens is R eagan, Ji acrocallista vespertina (Conrad), JI ollio-
1 us directus DaU, P anope generosa (Gould), Eudoliu,m petro
swn, Conrnd, T urcicula ,oashingtoniana D nU, and Tu,rritella 
porterensis \'Vea.,·cr which are very charnctcristic of the Aci la 
gcttysburgcnsis Zone are entirely absent from the Tul'l'itella 
portcl'ensis Zone. rrhc dark colored ·hales exposed three miles 
west of Port Crescent in Clallam County nrn.y belong to the 
Porter Horizon . 

. \ C!LA OE'l"l'YSBUHCEN. IS 7.0SK 

T he type section of the Acila getty burgcnsis Zone is to 
he founcl within the strata outcropping at the entrance to the 
Brcmel'ton Navy Yard. Excellent expo lll'CS containing ma-
1·inc fossils occur at the south end of Bainbridge I sland as wcU 
as 011 the oppo ite shore to tJ,c south. The deposits consist of 
interbcddcd massiYe conglomerates and meclium gr.tined sandy 
hale po sc sing a thickness of at lea t 9,000 feet. The lower-
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most strata which arc expo cd outcrop at Orchard P oint and 
the highest on the north shores of Illakelc_y H 11.rbor. D etai led 
stratigraphic surveys ,;how that the conglomerates at Orchard 
Point arc below the sandstones and shales at Bean Point on 
Bainbridge Island and that the beds at Bean P oint arc about 
9l,OOO feet below the fossiliferous strata at R estoration }"loint. 
T he fa.unn occurring within the lower portion of the B remer
ton In let section are identical with those at the well known lo
cality just north of Restoration Point. 

The Acila gettysburgensis Zone is reprc cnted within the 
city limits of Seattle, Newcastle Hills, Cathctirt and ulong the 
~ tntit of ,Juan de F uca from a point two miles west of Gettys
burg ,rcsterly to a point half1rny between T win R iver and 
rysht. 'l'he conglomeTfttes ttnd overlying shales exposed along 
the 11orth portion of Cape l<'lattcry and along the Strait of 
J uan de F uca easterly to the mouth of Sck iu R iver also con
tain faunas belonging to this zone. 

The species most common to this zone nre: A ciln gf'tt ,ljS

bu rge11sis R c1tgnn, M acrocflllisffl 1•espert ina ( Co1uad), JI arcia 
orcgoncnsis (C'on rn.d), 11Jodiolus rectus Dall, Pflnope gcnerosa 
(Gould), Plwcoidc.y ,11·utili11cat11s (Con rad), Spisula albario 
( C'onrsul), Solem.I/a 'l'entricosta C'on rad, T ellina oregonensis 
Conrnd, 'J'hrocia tmpezoidea C'onrnd, T hyasira bisecta (Con
rad), Crepidula pracrupta C'onrncl, Eudolium pefroswn Con
l'ad, lll ioplciona i11duratn Conrad, T urcicula 1cas71i11gto11iana 
Dall, and 'l'urr ifel!fl blolrele.lJensis ·w eaver. 

A lii-t of the species known to otcur in the Oligocene and 
lower :\l ioccnc of western W ash ington fo llows. This table also 
indudes ,.1. list of species occu rring nt the more im portant lo
calities. A rcfcrcnc<' list of the localities n1ay be l'cferrcd to 
on page !!99. 




