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IN CELEBRATION OF THE 
REPUBLIC CENTENNIAL 

Raymond Lasmanis 
Washington Division of Geology and Earth Resources 
PO Box 47007. Olympia , WA 98504-7007 

O n Apri l 18. 1896. a group of 64 men gathered where the 
Okanogan mail trail crossed Eureka Creek to organize 

the Eu rek a mining di str ic t. Th e golu ru sh l uwn u f Eu reka 
sprang up overn ight and was soon renamed 'Republic· , af ter 
the Republic Gold M ining & M il l i ng Company. In 1899, Ferry 
County was establi shed out of the western ponion of Stevens 
County . Republic became the county seat. 

The mines o f the area have long been the eL'.Onomic focus 
or lht: town. T he gold has come from ores depos ited in Eocene 
hot-springs system s. and producti on from two large operations 
from the las t six years alone has exceeded 8 13.000 oz of gold. 
The ri ch history of the mi ning activi ties is documen ted i n the 
geologic literature as well as by local hi storical as~ociati ons. 
(Sec, fo r example, W estern Historical Publ ish i ng Company, 
1904.) 

M ore recently. the world-c lass Eocene fossil derosi ts have 
attracted the interest of the scientific community. The depos its 
conta in the best North American record of upland warm tem­
perate to subtrop ical habi tats. The geologic forces assoc iated 
with the development of the ores played a maj or ro le in the 
diversificati on and l ater d istributi on o f the flora . 

From the pal eonto logica l interest has come a unique coop­
erati ve venture, the Stonerose lnterprt:t i ve Cen ter, w h ich en­
courage~ lht: public to visi t lhe deposit and col lect and learn, 
with the pal eonto l og i sts, ahout this remark able fl ora and 
fauna. 

In ce lebration of Republ ic's centennial. thi s issue o f' Wash­
i11glo 11 Geo!oxy bring~ logetht:r renowned earth sc ientists to 
discuss the aspects of the geolog ic hi story of the area that have 
had such a major impac t o n th e d eve l opmen t of geologic 
knowledge wor ldwide. We are indebted to W es ley W ehr, 
T hom as Burke Memor ial Washington State Museum, for pro­
posing thi s project and interes ting so m any geologists. paleo­
bo tani sls, anu other special ists in contr ibuting thei r expertise 
to thi s broad overview. 

Reference 

Western Histori ca l Publ ishi ng Company, 1904. An i llustrated history 
of Stevens. Ferry . Okanogan. and Chelan Cou nt ies, Slate of 
Washington: Western Historical Publ ishi ng Company, Spokane, 
p . 403-447. • 

Stonerose Interpretive Center 
Sponsors Field Seminar 

W es W ehr w i l l he leading another of his weekend fit:l u 
semi nars Sept. 13- 15 at !he Stonerose l nterprel i ve Cen ter 
in Republ ic. The cos t i s $75. For more in formation or to 
sig n up for the seminar, con tact Wes at the Burke Mu­
seum, Un i ver si ty of W ash ington, Seattl e, WA 98 195; 
phone: (206) 543-0495 or fax: (206) 685-3039 . 



Regional Geology of the Republic Area 
Eric S. Cheney 
Department of Geological Sciences 
University of Washington , Box 351310 
Seattle, WA 98195-1310 

Introduction 

This article describes the regional geology of Lhe Republit: 
area and considers more than the Eot:ene straligraphit: units 
that have made Republic famous both as a gold producer and 
a paleontological treasure. However, fo r those who are primar­
ily interested in these topics, the main points are that (I) the 
Eocene formations are portions of regional, nol lot:al , um:on­
form i ty -bou nded sequences within the larger Chall is se­
quence, and (2) rather than having been deposited in a local 
fault-bounded basin or graben , the formations are preserved in 
the upper plates of one or more low-angle normal faults as a 
regional synform between two antiformal metamorphic com­
plexes. These and other c:oncepts are discussed more fully in 
Cheney and others ( 1994) and Cheney ( 1994 ). However, the 
information in those articles is not explicitly referenced here. 

Figure I shows the regiona l geology of northeastern Wash­
ington. East o f the Huckleberry Ridge , Columbia, and Waneta 
thrust fau lts , pre-Challis rocks are the Proterozoic to Paleozoic 
strati graphi c units native to North America. West of these 
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Michael G. Rasmussen 
Echo Bay Exploration, Inc. 
E. 11103 Montgomery Ave. 
Spokane, WA 99202 

fau lts, especially in the Republic area. Lhe pre-Chal l is rocks 
are predominantly those of Quesnellia, a terrane that accreted 
10 North America in the mid-Jurassic (about 175 million years 
ago) . Eocene sedi mentary and volcanic rocks of the Chal lis 
unconformity-bounded sequence (55 to 36 million years old) 
overlie the pre -Challis rocks. The metamorphic core co m­
plexes (MCCs) are Eocene antiformal up lifts of crys talline 
basement separated from the pre-Challi s and Challis rocks by 
low-angle normal (detachment) faults. The MCCs underl ie 
most of the major mountain ranges in the area of Figure I. The 
Walpapi sequence ( 18 to 2 mil lion years old), unconformably 
ove rl ies al l other rocks. The most vol uminous lithostrati­
graphic unit of the Wa lpapi sequence is the Columbia River 
Basalt Group. 

The dominant rocks in the Republic area (Fig. 2) are green­
schist-facies Quesnel lian rocks, four unconformity-hounded 
formations of the Challis sequence, and the amphibolite-facics 
metamorphic rocks and granitic plutons of the MCCs. 

117° 
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Metamorphic 
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Thrust faults 50 km 

Figure 1. Tectonic map of northeastern Washington and adjacent areas. (See text and Table 1 for explanation.) 
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Table 1 . Explanation for geologic and geographic features of Figu res 1 and 2 

MAP UNITS 

Challis sequences 

Metamorphic Core Complexes NAME ABBREVIATIONS 

Towns 1eo1 
Tk Klondike Mountain Formation 

vokaniclastics and felsic flows 

Eh Eocene Herron Creek quartz 
monzonite CO. Colvi lle 

G , Greenwood 
M. Midway 
OR, Orovi lle 
S , Spokane 

C, Cu rlew 
Ei Eocene felsic plutons GF, Grand Porks 

OM, Omak 
Ts Sanpoil Volcanics rhyodacitic 

fl ows 

Tm Marron Formation alkal ic flows 

To 0' Brien Creek Formation 
arkosic and tuffaceous rocks 

pTm Amphibolite facies Cretaceous 
orthogneiss and Proterozoic and 
Paleozoic paragneiss 

R, Republic 
T, T ra il 

Mines 1•01 

Mi 

Ouesnellia 

Granitic to alkalic plutons 

FAULT TYPES 

High-angle fault- dashed 
where approximate 

KH, Knob Hill 
OL, Overlook 

L. Lamefoot 
P, Phoenix 

Faults 

BCF Bacon Creek fau lt 

PMu Quesnel lian rocks, undivided • • Detach ment fault-blocks 
on upper plate 

BMF Bod ie Mountain fau lt 
CLF Columbia fau lt 

Jr Ju rass ic Ross land Group argillite. 
mafic and fcl sic volcanic roc ks • • Thrust fault-sawteeth on 

upper plate 

CF Chesaw fau lt 
EMF Eagle Mountai n fau lt 
GDF Gold Drop fault 
GAF Tlb Triass ic Brooklyn Formation 

argi II ite, chert. conglomerate, 
limestone 

FOLD TYPES 
Granby Ri ver fault 

GWF Greenwood faul t 
HRF Huckleberry Ridge fau lt 
LCF Pa Carboniferous to Permian 

Attwoo<l Group pcliti c phyllite. 
argi lli te, felsic volcanic rocks, 
li mestone 

+ Upri ght antiform 
Lind Creek fault 

LMF Lambert Creek fau lt 
MAF Mount Allwood fau lt 
MWF Mount Wright fault 

Pk Carhoniferous to Permian 
Knob Hill Group greenstone, 
mafic volcanic rocks, chert 

Overturned antifo rm No. 7F No. 7 fau lt 
SF Sherman faul t 
SPF Sai nt Peter fault 

um Ul tramafic rocks + Upright syncline SKF Scatter Creek fau It 
SNF Snowshoe fau lt 

Ouesnellla 

The best description of the Quesne llian rocks is given in Fyles 
( 1990). The forma ti on names that Fy les a nd hi s Ca nadi a n 
predecessors defined are now used in the U.S. Quesnel lia in­
c ludes a Carboniferou s to Permia n ophioliti l'. suite of ultra­
mafi c a nd mafic igneous rocks , ma fi c vo lcanic rocks, and 
chert (the Kno b Hill Group) and a seemingly coeval succes­
s io n of dark argillites with minor fe ls ic vo lcanic to vo lcan i­
clastic rocks, a nd limes tone (the Attwood Group) . Both of 
these suites are unconformably overlain by the Triass ic Brook­
lyn Form atio n (chert meta-conglomerate, e las ti c limes tone , 
and arg illite). A younger unconformable success ion of oceanic 
vo lcanic to volcaniclasti c rocks and sed imentary rocks may be 
part of the Brooklyn Group (Fyles, 1990), part of the Ju rass ic 
Ross land Group (Che ney and others, 1994) as shown in Figure 
2. or both. 

Alth o ugh few large-scale, rec umbent fo ld s have been 
mapped in the area of Figure 2, the Quesnelli an rocks are s ig­
nificantly fo lde<l or rotated . For example, the Allwood Group 
at the Overlook gold mine northeast of Republic.: is subhori­
zonta l bu t overturned (Rasmussen, 1993), and the Brooklyn 
Formation north of Curlew dips 30° northwestward but is over­
turned. 

TMF Thimble Mountains fault 
WF Waneta fault 
WMF White Mo un tai n fau lt 

The regional , mid-Jurass ic Che.saw thrust fau lt placed the 
ophio litic Knob Hill Group over the Attwood Group. The trace 
of the thrust and its splays are marked by disrnntinuous bodies 
of serpentinite (hydrated ultramafic rock), li stwan ite (carbon­
ated ultramafi c rock) , me tagabbro, and amphiholite-fac ies 
rocks . Portions of the thrust are extens ive alo ng the interna­
tiona l border (Fig . 2), bu t have not yet been mapped in many 
a reas so uth o f Curl ew . Thus, some Quesnel li an rol'.b are 
shown as a single unit, PMu, in Pigure 2. 

Although Fyles ( 1990) hel ieved that the thrusts nort h of the 
international border are indi vidual fau lts. Cheney and others 
( 1994) suggested that uprig ht fo lds repeat sp lays o f a single 
fault (cross section C-C', Fig. 2), the Chesaw thrust. Our map­
p ing of a kl ippe north of Curlew (Pig. 2) implies that at least 
some of the thrusts are fo lded. 

Two impo rtant mining distri cts occur in Quesncll ian roc ks. 
Th e G ree nwo od di s tri c t in south e rn Bri ti sh Co lu mbia is 
mostly between Greenwood , the Phoenix mine, and the inter­
nati onal border, bu t minera lization ex te nds a few kil omete rs 
south of the border. The deposits are primarily (but not exclu­
s ively) skarns (Church. 1986); mining in the d istrict has been 
largely inact ive s ince the 1970s. The Belcher distri l'. t about 
10 km northeast of Republic.: has a number of gold deposi ts 
associated with a magnetite/sul fide horizon in the Attwood 

Figure 2. (right) Geology of the Republic area. Sources of data are A, Monger (1968); B , the modification of Fyles (1 990) shown in Cheney and 
others (1994); C, our mapping since 1993; and D, Parker and Calkins (1960), Muessig (1967) , and Stoffel and others (1991 ). 
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Group; major deposits thal have been mined since 1990 arc at 
the Overlook and Lamefoot mines (Rasmussen , 1993). 

Challls Sequence 

The Eocene formations or the Republi c area a re s maller un ­
conformity- bounded sequences within the Challis sequent.:e. 
The oldest unit of predominantly tuffaceous and feldspathic 
sandstone and siltstone is called the O'Brien Creek f<ormation 
south of the international border and the Kettle River Forma­
tion north of it. The Marron Formation of alkalic volcanic 
rocks lies unconformably upon the Kellie River formation and 
barely extends south of the border. The Sanpoil Volcanics (bi­
otitic rhyodac ite and seemingly minor volcan iclastic rocks) 
arc the mos t extens ive Chai I is rocks with in 15 km of Republic. 
However, the paucity of bedding within the Sanpoil makes its 
stratigraphy and strut.:ture difficult to assess. 

The youngest Challis unc o nformity - bounded unit is the 
Klondike Mountain Formation (mostly volcaniclastic rocks 
and felsic flows). The three members of the formation defined 
by Muessig ( 1967) nea r Republic a lso are bounded by uneon­
formities, but all are shown as a s ingle unit in Figure 2. The 
fossiliferous basal Tom Thumb Tuff Member is the topic o f 
other papers in this issue , especially Gaylord and others . 

In the area of Figure 2. the maximum preserved thickness 
o r each of th e four formations is at leas t a kilometer. Because 
the three unt.:onf"ormity-bounded seq ue nces at Republic extend 
well beyond the Sanpoil/Curlew valley (Fig. 3). they were not 
deposited in a local basin or graben now occupied by the val­
ley. Paleontological corre lati on of the various successions of 
Figure 3 would be most welcome and may emerge from the 
studies described in th is issue . These uncon form ity-bou nded 
formations also are poorly dated radiometrit.:ally. 

Metamorphic Core Complexes 

In the area of Figure 2, Proterozoic and possibly Paleornic arn­
phibolite-facies metasedimentary g neisses and three s uites of 
Paleocene to Eocene granitic pluto ns are restricted to the 
MCCs. Only the youngest of the three s uites (the He rron Creek 
suite o l' Holder and Holder. 1988) is show n separate ly in Fig­
ure 2. MCCs are bounded by low-ang le normal (detachment) 
faults marked by 10 m to 100 m ofchloritic breccia in the crys­
talline rocks. Herron C reek rocks a re capped by detachment 
faults in the middle of the Sanpoil/Curlew valley (cross sec­
tions D-D' and E-E' of Fig. 2). Because the c hloritic breccia 
is so thin, it rare ly crops out. Mylonites are rare or weak below 
the chloritic breccias. but in the MCCs beyond Figure 2, the 
ch loritic breccias are underlain by as much as 4 km of myloni­
tic g nei ss. 

Considerable ro tation may have occurred along some d e ­
tachment faults. ei ther because th e faults are li stri c (decrease 
in dip downward) and (or) because of extension over ductile 
Eocene gra niti c plutons in a manner sim ila r to that described 
by Brun and others ( 1994 ). Possible ev ide nce for s uc h rotation 
is that near the Lamefoot and Overlook go ld min es the 
O'Brien Creek Formation is nearly vertical. 

The unconformity that truncates the top of the Tom Thumb 
Tuff Member of the Klondike Mountain Form ation may mark 
the rise of the MCCs. The go ld- an d si lver-selenide minerali ­
zation at Republic is in veins adjacent to the Bacon Creek de­
tachment fault and is in Sanpoi l and Tom Thumb rocks below 
th is unconformity. Furthermore, I arge bodies of brecciated 
Herron Creek quartz monzonite in the middle member of the 
Klondike Mountain Formation west of the Bodie Mountain de­
tac hment fault a re rock-avalanche depos its (Malte , 1995). 
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Similar deposits occur along State Route 20 four mi les west of 
the Okanogan/Ferry County border. Rock-avalanche deposits 
in southeastern California mark the upl if't of MCCs in that area 
(Topping, 1993). 

The metamorphic core complexes. o r the detachment faults 
that bound parts of them. may have distinctly different ages. 
The unconformity at the top of the T o m Thumb Tuff Member 
may be co ntemporane o us with the Scatter Creek/Bacon 
Creek/White Mountain detachrnenl fault, but the: Bodie Moun­
tain fault cuts the younger members of th e Klondike Mountain 
Formation and the White Mountain fault. Furthermore, the 
rock-avalanche d e posits in the Klondike Mountain Formation 
may not be re lated to the Bodie Mountain fault that c uts the 
formation: plols of"Si02 vs. K20 and of Cr. Ba, and Th against 
Ti02 from Maire' s data ( 1995) show that the rock ava lanc he 
deposits are less like the Herron C reek Empire Lakes pluton 
between th e Bodie Mountain and Bacon Creek faults tha n the 
Herron Creek Long Alec Creek batholith cast of Curlew an d 
the Granby River fault in the Kettle MCC. If th e rock ava­
lanche deposits are derived from the Long J\lec Creek batho-
1 ith of the Kettle MCC, the intervening structural high (north­
east arm of the Okanogan MCC) ca used by the B od ie 
Mountain l'ault could not have formed yet. 

Post-Ouesnelllan Structure 

The Qucsncllian and Challi s rocks in b'igurc I. and espec iall y 
in the Sanpoil/Curlew vallc:y (the so-called Republic ·gra­
ben'), are mostly bounded by detachment faults. Yo unger 
high-angle NNE-trending faults, the largest of which is the 
Sherman fault. appear to c ut some of the detachment fau lts. 
but th e 'graben' is primarily the upper plate of one or more: 
detat.:hrnent faults. 

Low-angle fau I ts do occur in the upper plates of the detach­
ment faults. Fy les ( 1990) mapped severa l in the Quesnelli an 
and Chal lis rocks north of the international border (Fig. 2). 
Similar features have been mapped in small open-pit mines in 
th e Belcher Mining Dislrid . The paucity of low-angle faults 
south of the international border may be due to less detailed 
mapping (fostered large ly by the inability to recognize map­
pable units in the Sanpoil Volcanics). Alternative ly , if" the 
f"aults are listrit.: , the high e r structural level sou th of the inter­
nat io nal border (abundant Challis ins tead of abu nda nt Ques­
nellian rocks) would resu lt in fewer low-angle faults . 

Much of the geology is obscured by abundant Scatter 
Creek rhyodacite. This rhyodaci te is a shallow intrusive s uite 
sim ilar in composition to the Sanpoi l Volcanics and the Tom 
Thumb Tuff Member (Muessig, 1967; Tschauder, 1989) . Not 
on ly is the Scatter Creek unit difficult to distinguish tex turally 
from th e Sanpoil Volcanics, it is also more res is ta nt than the 
intruded rocks so that the intruded rocks are under-represented 
111 outcrops. North o f Curlew. bodies o f Scatter Creek rocks 
are fine-grai ned quartz mon7.onite (Parker and Calk ins. 1964) 
and a re parti cularly a bunda nt a long the trace of the No. 7 fault 
(Chesaw thrust). Thus, here the Scatter Creek may be a tabu lar 
body or swarm of tabular bodies. North of C urlew , the Scatter 
Creek is intricately jointed and locally even brecciated along 
the No. 7 fault and along the NNE hi gh-angle fa u lts th at cut 
the thrust. Descriptions by Muessig ( 1967) suggest that the 
Scatter Creek a lso is well-jointed a long other faults. Perhaps, 
this minor rejuvenation of faults happened du ring the wanino­
s tages of uplift of the MCCs. "' 

The maps of Parker and Calkins ( 1964) a nd of Muess ig 
( l 967) show th at the Scatter Creek also preferentially intrudes 
Quesnellian roc ks and the O'Brien Cree k Formation in the 



Figure 3 . Inter- regional sequence stratigraphy of lhe Eocene rocks. CHM, Chumstick For­
mation; COW, Cowlitz Formation; GBL, Goble Volcan ics; GRV, Grays River volcanic rocks 
of the Cowlitz Formation; KLD, Klondike Mountain Formation; MRM, Marama Formation; 
MRN, Marron Formation; NCH, Naches Formation; OBR, O'Brien Creek Formation; REN, 
Renton Formation; RGE, Raging Rive r Formation; ROS, Roslyn Formation; SAN, Sanpoil 
Volcanics; SKH , Skaha Formation; SLP, Silver Pass volcanic rocks; SPB, Springbrook For­
mation; SWK, Swauk Formation; TEA, Teanaway Formation; TIG, Tiger Formation; TMT, 
Tiger Mountain Formation; TUK, Tukwila Formation; WTL, White Lake Formation; WEN, 
Wenatchee Formation (lower member). The arrows indicate that some of the sequences ex­
tend beyond Washington. Sources of data are in Cheney and others ( 1994), figure 10. 

hang i ng wall s o f the detachment fau l ts that bound the 
MCC:s. A ltho ugh th e intruded roc k s appear scarce in 
these areas (sec the maps of Parker and Calk ins, 1964 . 
and Muess i g. 1967), their consi stent str ikes and d ips im­
pl y that their structura l pattern is no t disrupted and that 
the Scatter Creek is therefore discont i nuous. 

Because the Scatter C reek obscures the map pattern . 
i t i s omi tted from Figure 2 and the i ntruded rock s are 
shown i n i ts p l ace. T he w idespread Q uatern ary deposi ts 
are al so omi tt ed from F i gure 2. These omi ss i ons en­
hance the pattern of the San poil sy n<.:l i ne in the San­
poil/Curlew va l ley, shown hy Parker and Cal ki ns ( 1964) 
and M uessig ( 1967). T he sy nc line i s out l ined by the 
th ree C hall is ~cquenccs and by consider i ng al l of the 
Q ues ne lli an rocks to be a rourth basal unit (Fig. 2). 
North of C urlew. the sy nform al structure i s m arked by 
the Knob H i ll G roup in the C urlew klippe of the No. 7 
fault of the C hesaw thrust. T hus. much of the structura l 
relie f o f the Republi L: 'graben' i s syncl inal. 
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Because t he Sanpoi l syncl i ne has a leng th , no r therly 
strike, and str uc tural rel ief si mi l ar to those of the adja­
cen t an ti formal MCCs and i s large ly hounded by the 
same detach m ent faults. i t i s the synformal counterpart 
or the an ti forrn al MCCs. Thu s, the C halli s regional se­
quences wer e no t d epos i ted i n a l oL:a l ·gr aben' but, 
rather, are st ruc turally preser ved in the upper plates of 
detach ment faul ts . 

...........--- -
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A Historical Perspective on Ore Formation Concepts, 
Republic Mining District, Ferry County, Washington 
Raymond Lasmanis 
Washington Division of Geology and Earth Resources 
PO Box 47007, Olympia, WA 98504-7007 

The Early Days 

The mining history of the Republic District is a tribute to its 
prospectors, miners , e ngi neers, metal lurgists, geologi sts. and 
financ iers. By Fe bruary 21. 1896, whe n the north half of the 
Colvi lle Indian Reservatio n was opened to c;laim stak ing, most 
of the go ld-bearing lodes were already known to local trap­
pers , pack train drivers, a nd former employees of the Hudson 
B ay Company. Be tween February 20 and 29, thirty c laims 
were staked, covering all the major gold-bearing quartz veins 
in and around E ureka Gulch CM. S. Warring, Ferry County 
Historical Society, written commun. , 1996). On March 5 of 
that year, two prospectors, Philip Creaser and Thomas Ryan , 
who were grubstaked by L. H . Long, C. P. Robbins. and James 
Clark of Spokane, located the Republic and Jim Blaine claims. 
With financing provided by Patr ick F. (Palsy) Clark, the dis­
trict was rapidly developed. 

A gold rush ensued, and thousands of claims were staked, 
encouraged by published accounts during 1897 in the Seatt le 
Post- Intelligence r by L. K. Hodges, who wrote, "One of the 
greatest showings of free-milling ore has been made in Eureka 
Camp .... '' By 1898, three mill s were operating to treat low­
grade ores . The high -grade ore was shipped by wagon to 
smelters in Washington and British Colu mbia. 

The Republic c laim had some of the more extens ive ve ins 
known at the time and became the si te of the large Republic 
mill owned by the Republic Reduction Company (Landes a nd 
others, 1902). ln 1899, the Republic mine and mi ll were so ld 
to Canadian investors for the unheard -of sum of $3,500,000 
(Walter and fl eury . 1985). 

During 1898, the go ld-ru~h town of Eureka was renamed 
'Republic' after the claim, mill , or rnmpany. (The name 
'Eureka' had been pre-empted by a pos t office in business at 
the time.) On February 18, 1899, Governor Rogers s igned a 
bill creatin g Ferry County. A reflection of the population 
growth and business ac tivity was the Republic post office, 
which in its opening year (1899) processed more registered 
letters than Los Angeles , Seattle, Spokane, or Portland. 

In the summer of 1902, two railroads reached Republic to 
serve the mills and mines-the Kettle Va lley Railroad and the 
Great Northern Railroad (Wa lte r and fleury , 1985). 

In those early years, the discovery and development of the 
veins in the Republic Distr ict did not require any geo logical 
knowledge. The veins , res istant to weathering, stood o ut as 
bold outcrops that could be sampled for gold. [f suffi c ient val­
ues were returned by assay, a mine was started at the surface 
and worked down-dip l'rom ad its and by shafts. 

Metallurgy. however. was a problem because the very 
finely crysta l I ine ore minerals and s i I ica e ncapsulatio n of elec­
trum (a mixture of gold and s ilver) made it d iffi c ult to ex tract 
metals by the technology of the day . ln fact, all the early mil ls 
had railed by 1904 due to poor metal recoveries . However, the 
di strict continued to ship gold/si lver crude ore to smelters in 
British Columbia and Wash ington . By 19 19, there were no 
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mills operating in the Repub lic District, and the town st ill did 
not have a n adequate and c heap source of e lectric ity (Patty, 
1921). 

Development and mining act ivity in Republic soon at­
tracted the attention of the state's geological survey. ln hi s an­
nua l report for 190 I (Landes, 1902), State Geologist Henry 
Landes described the deve lopment work and li sted the widths 
of veins and their gold a nd s ilver assays or values; he included 
a sectio n on general geology and a description of meta llurgical 
tests. One whole chapter is devoted to the Republic Reduction 
Company plant. 

The s ignificance of the Republ ic Di s tri c t was demon­
strated when the Washington Geological Survey published its 
first bul letin Geology and Ore Deposits of Republic Mining 
Distrir t (Umpleby. 1910). This report described in detai l the 
history, development, wall rocks , vein configuration , and 
gold/silver ore at the various mines , but il included no discus­
sion of ore controls and genesi s. Witho ut comi ng to a ny con­
cl usions about ore deposition, Urnpleby ( 1910) pointed ou t 
that there are some simila riti es between Republi c ores and 
those of Tonopah and Goldfield, Nevada. 

A New Way of Thinking 

While the discovery and development of mines in the Republic 
District was lak ing place, on the easl coast a budding young 
Swedish mining engi neer and metallurg ist joined the U.S . 
Geological Survey (USGS) and began studying mineral depos­
its in the western U.S. under the guidance of George F . Becker. 
In 1900, the USGS published Waldemar Lindgren's exhaus­
ti ve report on the Si lver City and De Lamar, Idaho, gold/si lver 
deposits. In I 905, Lindgren was appointed to head the USGS 
section fo r prec ious and semiprecious metals (Graton , 1933 ). 

It was Lindgren who deve loped an ore genesis model ap­
plicable t o Republic ores a nd simi lar deposits such as 
Tonopah. Goldfield , and De Lamar. He ca lled the deposits 
"epithe rmal'' and noted that they have features in com mon 
with hot springs (L indgren and Bancroft, l 914). Also of s ig­
nificance, Lindgren and Bancroft observed in 19 14 that be­
tween the Tom Thumb mine and Knob Hill mine "the quartz 
spreads widely through lhe lake beds and forms no well -de­
fi ned lodes." 

Prom 1908 to 1912, Lindgren presented a series of lectures 
about ore deposits at Massachusetts Ins titute of Technology. 
His notes led to the classic text book Mineral Deposits. In the 
revi sed fourth edition (Lindgren, 1933), there was an exten­
sive description of gold/s il ver-bearing hot spring systems a nd 
their rel ation to epithermal depos its, inc luding those at Repub­
li c, De Lamar, and other locatio ns. Lindgren al so noted the 
significance of active hot springs at Rotorua , New Zealand, 
where sinter is enriched in gold, silver, a nd mercury. 

Lindgren was a visionary in modeling the process of ore 
deposition. It is amazing that hi s epitherma l hot spring model , 
as it applies to the Republic and other western deposits, was 
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Figure 1. Components of an epithermal precious metal hot spring 
system modeled after the deposits in the Republic Mining District. No 
scale is implied. (From Tschauder, 1989) 

forgotten for more than 40 years, probably because the bo­
nanza ores of epithermal di stric ts were depleted in the western 
U.S. and explorationists concentrated their search efforts on 
porphyry copper deposits and Carlin-type gold ores . 

At Republic , the Knob Hill mine had been producing 
crude o re for sme lters si nce 1910-until a 400-ton-per-day 
cyanide mill went into operation on May 10, 1937 (Lasmanis, 
1989). Recovery problems were overcome by grinding the ore 
to -200 mesh, as had been suggested in 1914 (Lindgren and 
Bancroft, 1914). Flotation cells were added to the mill in 1940, 
and the mill's design capacity increased to 500 tons of ore per 
day. 

In the mid-1960s. the USGS conducted a study of the dis­
trict. The resulting publication (Muessig, 1967) thoroughly 
describes the regional geology, with an emphas is on the struc­
tural setting of the Republic District. The veins are described 
in thi s structural context, but without reference to the epither­
mal model. Republic ore deposits are further documented by 
Knob Hill Mines, Inc. , geologists in the standard reference 
work at that time, Ore Deposits of the United States, 
1933-1967 (Full and Grantham, 1968). In Volume Two, the 
various veins are keyed to structural adjustments related to the 
Republic graben . A three-dimensional description of the Knob 
Hill mineralized system was presented : deep narrow veins 
branching upward into a stockwork and overlain by mineral­
ized "rubble" in the lakebeds of the Tom Thumb Tuff Member 
of the Klondike M oun ta in Formation (Full and Grantham, 
1968). (See Fig. I .) 

The first indicat ions of a revival of the epithermal model 
and its implications were in a report by mining geologist H ar­
rison Schmitt (father of geologist/astronaut Jack Schmitt) . In 
1950, he wrote a paper titled "The fumarolic -hot spring and 
mineral deposit environment" (Schmitt, 1950). He app lied 
knowledge gained from detailed studies at Yellowstone to 
Lindgren's epi thermal model. He also postulated how gold 

and s ilver are transported and deposited in modern systems 
such as Steamboat Hot Springs, Nevada, and hot springs in 
New Zealand. 

During the 1950s , extensive research conducted by D on­
ald E. White of the USGS at Steamboat Hot Springs led to a 
seri es of publications on gold deposition (White , 1955) , but at 
the time, the significance of hi s studies was not fully appreci­
ated by the m ining commu nity . 

The Knob Hill mine conti nued to produce in to the 1970s 
but did not attract much attention because the daily under­
ground production was modest compared to modc:rn open pit 
opera tions. Day Mines , with producing mines at Republi c 
from 1916 to 1975, had a property interest at De Lamar, ldaho, 
that was acquired by the author on behalf of Canadian Supe­
rior. After a four-year exploration and deve lopment program 
by Canadian Superi or, Earth Resources Company, and their 
consultants Al Perry, Jim Knox , and Moe Kaufman, a decision 
was made in October 1974 to mine the De Lam ar deposi ts by 
large-tonnage open pit methods. This was the fir st substantial 
open pit gold/silver mine of the epithermal type associated 
with Tertiary volcanic activity . 

A Unified Model 

Suddenly, epithermal gold/s il ver deposits came into vog ue 
throughout the industry. Both industry and academic research 
on ep ithermal deposits and the role of thermal springs were 
accelerated. Tertiary vol can ism and caldera development 
played a ro le in the model. In Japan, a three-dimensiona l view 
of a Miocene hot spring precious metal depos it was published 
fo r the lwato mine (Saito and Sato, 1978) . A more soph is ti­
cated vertica l sect ion was proposed for the Las Torres mine in 
Mexico (Buchanan, 1979). In 1979, Paul E imon gave a paper 
on the evolving epithermal model fo r bulk s ilver deposits in 
volcanic rocks (Eimon, 1979), and then , in 198 I, he presen ted 
an explorat ion concept l'or hot spring epithcrrnal depos its, in­
c luding a genetic model by Byron Berger of the USGS. 

It a ll came together during a three-day conference in Octo­
ber 1981 titled "Zoning in Volcanic and Sub-Volcanic Mineral 
Deposits". The conference was organized by H.F. Bonham, D . 
C. Noble, F. J. Sawkins, and R. S illitoe of the Mackay School 
of Mines in Nevada. Berger published his fully developed 
model in 1985. The search for epithermal depos its turned into 
a go ld rush when the McLaughlin mine in Californ ia started 
producing gold during March 1985 from a hot spring s inter 
deposit that was discovered by Homestake in 1978 (Lehrman, 
J 986). 

On October 21, 1981 , Hecla Mining Company acquired the 
operating properties at Republic from Day Mines. By 1983 , 
reserves in the Knob Hill mine were down to s ix months of 
production. However, mining continued after the discovery of 
the Golden Promise ore bodies , initially accessed from the 
Knob Hill mine. On June 24, 1989, Hec la celebrated the pro­
duction o f 2 million ounces of gold from a single s haft-the 
Knob Hill No. 2. Only s ix other gold mine shafts in the U.S . 
have that distinction. 

It was the app lication of the ore models developed during 
the 1970s and 1980s that led to the discovery of the Golden 
Promise vei n system in 1984 (Lasmanis , 1989). A model o f an 
e pithermal precious metal hot spring system for the Repub lic 
District was fina lly published in 1989 (Tschauder, 1989). It 
resembles very c losely the models of Buchanan ( 1979) and 
Berger ( 1985) and has features that were documented by 
Lindgren back in 1914. 
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The Republic Unit of Hecla Mining Company ceased op­
erations in 1995 when the Golden Promise mine ran out of ore 
on January 2. The mill shut down in mid-February after 37 
years of continuous operation . Production, since the 2 million 
ounce mark was reached. for the Republic Unit . IS given Ill 

Table I . 

The Future 

Although underground mining has ceased at Republic, there is 
pote ntial for a large tonnage open pit mine on the Golden 
Eagle de pos it. Santa Fe Pacific Gold Corp. has leased the 
property from Hecla, drilled in 1995. and is evaluating the fea­
sihility of prod ucing from the 11. 3-millio n-ton deposit that 
has an average grade of 0. 1 oz go ld per ton. Santa Fe has a 
proprietary metallurgical process for gold extraction from re­
fractory ores that they hope to app ly to the Golden Eagle de­
posit (Hecla M ining Company news re lease, August 8, 1995). 

The formall y designated Republi c Mining Distri ct extends 
over 440 mi" and includes a minera lized area east of Curlew 
Lake known as the Belcher Di strict; that di strict was created 
on December 15, 1906. There, Kettle River Operations unit , 
which consis ts of underground and surface gold mines and a 
central mill , are operated by Echo Bay Mi neral s. Echo Bay is 
a re lative newcomer in the di strict. They s tarted a gold explo­
ratio n program in 1986 after forming a jo int ve nture with 
Crown Resources. Inc., and Texas Gold, Inc. The fir st bar of 
dore bullion was produced at the mi ll in .January 1990. For 
product ion statisti cs. see Table 2. Kettl e River Operations is 
now a major con tributor ro the economy o J' Ferry County and 
the city of Repub lic. 

Echo Bay and s taff of Crown Resources used a very imagi­
nati ve and creati ve explorati on approach that was not based on 
an epithermal hot springs model. Instead, they began to search 
for gold depos its associated with skarns (deposi ts fo rmed by 
contact metamorphism of carbon ale rocks) and other iro n-rich 
depos its. Lindgren and Bancroft ( 191 4) had g iven some tan ta-
1 izi ng descriptions of the Overs ight, Copper Key, and Belcher 
contact-metamorph ic deposits, me ntioning that they are gold 
bearing. Additional descriptions of Be lcher District mines and 
prospects we re given by Huntting ( 1956). Gold there is asso­
ciated wi th magnetite, pyrrhotite, and pyrite. Once it was es­
tabli shed that th e depos its have a magnetic s ignature , Echo 
Bay turn t:cl to state Divi sion of Mines and Geology Report of 
Investigations 20 (Hunting Geophysical Services, Inc., 1960) 
and noted the large magneti c anomaly under Cooke Mountain 
near the Key prospects (Fig. 2) Walt H. Hunt of Echo Bay 
(ora l commun ., 1991) attributes the discovery of the large 
Overlook deposit by drilling in 1987 at Cooke Mountain to 
that Di vision publication. 

Table 1 . Hecla Republ ic Unit production, Golden Promise mine. Data 
from annual mineral industry reports by R. E. Derkey in Washington 
Geology. * from clean-up of the mill 

Year Tons Au (oz) Ag (oz) 

1988 79,210 80,301 354.077 
1989 80,000 72,000 318,000 
1990 90,000 81.400 326.000 
199 1 %,562 77,736 31 I .445 
1992 102,63 1 58,343 299,957 
1993 110,846 49.601 276.688 
1994 120,165 39.085 283,326 
1995 nil 3.098 15 .320* 
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Figure 2 . Belcher District mines and aeromagnetic anomalies . Con­
tours in gammas. (Modified from Hunting Geophysical Services, Inc., 
1960.) 

Mines that have produced for the Echo Bay mill are the 
Overlook, Kettle , Key East, Key West, and currently the 
Lamefoot. On ly the Kettle is of the epithermal type ; the re­
maining mines are in deposi ts that were thought to be skarns. 

Recent s tudies by M. G . Rasmussen and others have dem­
onstrated that the Overlook deposit is not a skarn depos it or of 
a replacement type. Echo Bay geologists did consider a synge­
neti c model, but because the footwa ll was limestone, the idea 
was ulti mately rejected. During 1990. E. S. Cheney and Ras­
mussen noted that the depos it is overturned , thus making it 
possible to apply a volcanogenic mass ive s ulfide model to the 
deposi t (Rasmussen. 1993). 

T he application of that mode l in Permian rocks outside the 
Tertiary Republ ic graben speaks well fo r the future o r go ld 
mining in Ferry County. As a result of Echo Bay's success, a 
new wave of exploration commenced in Washington State and 
adjacent Briti sh Colum bia. This has resulted in the discovery 

Table 2. Echo Bay Kettle River Operations production. Data from an-
nual mineral industry reports by R. E. Derkey in Washington Geology 

Year Tons Au (07.) Ag (o7.) Mines 

1990 N.A. 83 .3 I 0 nil Overlook, Kettle 
199 1 644,950 90,272 nil Overlook. Kettle 
1992 657,099 89,848 nil Overlook. Kettle 
1993 575.460 73.43 1 nil Overlook, Key 
1994 523.400 66.782 10,500 Overlook, Key, Lamefoot 
1995 547,597 100,419 22,800 Overlook. Larnefool 



and o utlining o f the Crown Jewel deposit by Battle Mountain 
Gold Company and C rown Resources C orporation on the east­
e rn flank o f Buc kh o rn M o unta in in adjacent Okan oga n 
Co unty. This world-class skarn go ld deposit, when in produc­
tion, will further stimulate the economy of Ferry County . 
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Tunnel of the Surprise and Jim Clark mines, Eureka Gulch , ca. 1904. 
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Miners pose in front of the Great Northern tracks over the Pearl mine entrance, ca. 1904. 

Early Republic district prospector, May 3, 1900. 
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Hank Levine (left) and 'Old Man' Simons (right) bagging ore, ca. 1900. 
John Yenter, Dick Cook. and unidentified man in background. 



Patsy Clark mill at the Republic mine, 1898. The Surprise mine and Great Northern tracks , ca . 1900. 

Mountain Lion mill and mine, ca . 1900. Last Chance mine, ca. 1910. 

Republic Consolidated Gold Mining Company, ca . 1900. Knob Hil l mine, ca. 1949. 
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Knob Hill mine, ca. 1904. 

Quilp mine and Great Northern bridge at the lower 
end of Eureka Gulch, ca . 1904. 
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Mid Eureka Gulch, 1904. A Kettle Valley Railroad lo­
comotive sits on the tracks to the right. The Great 
Northern tracks are on the left . 



Depositional History of the Uppermost Sanpoil Volcanics 
and Klondike Mountain Formation in the Republic Basin 
David A. Gaylord, James D. Suydam, Scott M. Price, Jeffrey Matthews, and Kevin A. Lindsey 
Department of Geology, Washington State University, Pullman, WA 99164-281 2 

Fossilife rous, leaf- and insect-bearing sedimentary strata of 
the middle Eocene Klond ike Mountain f ormatio n in the 

O kanoga n Highlands of northern Washin gton and southern 
Bri tish Co lumbia (f,i g. I) acc umulated in a series o f north­
northeas t- trendi ng, e n echelon grabens and half-grabens that 
formed during regional extension, pluton ism, volcani sm , and 
metamorph ic core c:.:omplex e mpl acement (Muess ig. 1962 , 
1967 : Parker and Calkins, 1964 ; Staatz, 1964; Pearson, 1967: 
Fox and others , 1976; Pearson and Obradovid1, 1977; Cheney, 
1980; Orr and Cheney , 1987 ; Fox and Ri nehart , 1988 ; Hansen 
and Gooclge, 1988; Holder and Holder, 1989: Parrish and oth­
ers, 1988 ; Holder a nd othe rs, 1990: Pri ce, 199 1; Suydam , 
1993). Exam ination and ana lys is of Klondike Mou ntain For­
mation strata in the Republic and Curlew bas ins of the Repub­
lic grabcn s uggest much of this unit accumu lated in re lati vely 
limi ted (<200 km2) sedimentary bas ins occupying topographic 
and vo lcan o- tec to nic low lands (Gay lord a nd others , 1990, 
1994; Price, 1991; Suydam and Gay lord, 199 1; Suydam, 1993; 
Suydam a nd Gay lord , 1993). K lond ike Mou nta in strata in 
these bas ins preserve the most fossil-rich sed imentary depos­
its in the Okanogan Highlands (see. for example. art icles by 
Schorn and Wehr, Wehr and Barksda le . and Wi lson in th is vol­
ume) This paper foc uses o n the depositional history of the 
Klondi ke Mountain Formation in the Republic basi n. 

Klondike Mountain strata were fi rst formally descr ibed 
by Muess ig ( 1962, 1967). Muess ig named the unit for Klon­
di ke Mountain , a prominent hill immediately north of Repub­
lic, and subd ivided the un it into one fo rmal and two info rmal 
members (stratigraph ic subd iv isions of 
forma tions) (Fig. 2). The lower, fin e­
grained sedimentary rocks of the Klon­
di ke M oun ta in For mati o n we re 
grouped into and fo rmal ly named the 
Tom Thumb Tuff Member (essentially 
the ' 'lake beds" of Umpleby ( 19 l 0) and 
Lindgren and Bancroft ( 19 I 4 ). The rest 
of the formatio n was subdi vided into 
the info rmall y named middle and upper 
members (M uess ig, 1962, 1967). 

Upper member vo lcanic-domin ated de pos it~ correspon d to 
Muess ig's info rm al upper member. These strata are c:.: hara<.:­
ter ized by vari ously altered fl ow rocks that range in <.:o mpos i­
tion from basa ltic andes ites ro rhyo li tes (Wagoner, 1992) ; th ey 
unconfo rmably overlie the sed ime ntary rock of the lower 
member. 

The Klondike Mountain Formation in the Rt'.pub lic basin 
consists of at least 900 m of mixed epiclas tic (reworked vol ­
canoge nic sedime nta ry det ri tus) and vo lcan ic flow rocks 
(Gay lord a nd others, I 988; Gaylord. 1989: Price, 199 I ) 
(Fi g. 2). Cur lew bas in deposi ts are genera lly simi lar strati­
graphica ll y and Ii thological I y to the Re public bas in dcpos­
its- wi th one exception: they in<.:lude sedimentary d as ts de­
ri ved from crysta lline plutonic and metased imentary sources. 
By contras t, Republic bas in deposits are composed almost ex­
c lus ive ly of reworked andes ite deri ved from the un de rl ying 
Sanpoil Yok anics. 

Overall , Kl ondike Mo untain Forma li on st rata in t!J L: Re­
pu blic bas in consist of a generall y coarsening-upward succes­
sion of mudstone-, sandstone-, and conglomerate-dom inated 
deposits unconfor mably overla in by lithoida l to glassy lava 
fl ow rocks. The ba al part of the Klondike Mountai n i-:-o rma­
tion consists of a 0- 50-m-thick sequence of brec:.:cia. conglom­
erate. and minor lava fl ows that unconformably overlie J aci te 
and andesite fl ows of the Sanpo il Volcanics. Muess ig ( 1967) 
believed the basal contact of the Klondike Mountai n Forma­
t ion was an angular unconformity. However, detai led exam i­
nations of strata across the Republic bas in reveal essentially 
concordant bedding attitudes between these two units (Gay-

Subseque nt workers (Gay lord and 
others, 1990, 1994 ; Price , 199 1; Suy­
dam, 1993) have adopted an info rmal 
tw o-t ie red sys tem for th e Klo ndi ke 
Mountain Formation, di viding the unit 
into a lower (sedimentary-dominated) 
member and an upper (volcanic-domi ­
nated) member (Fig. 2). These subun its 
of the K lond ike Mou ntain Formation 
are adopted he re . The lower membe r 
deposi ts include the fine-grained lake 
deposits of the Tom Thumb Tuff Mem­
ber as well as coarse-grained alluvial 
sandstone and con-g lomerate of Mues­
s ig' s ( 1962, J 967) midd le me mber. 
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(teeth on upper plate ) 

Figure 1 . Index map showing approximate limits of the Republ ic and Curlew basins. (Geology 
after Price , 1991, and Suydam, 1993.) 
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lord and others, I 9 88; Price and G ay­
lord , 1989) . Above the basal brccc ia 
and conglomerate, the Klondike Moun­
tain Fo rmation grades upward fro m: 
( I) 100-150 m of thi c k mudsto ne-
<l o rni nalcd strata . lo (2) 150-200 m of 
sandstone-domi nate<l <lepos i Ls, Lo (3) 
30-500 + m of c o ng lo merate , to (4) 
0- 80 m of vo lcanic flow rocks. The 
blac k. vitrophyric dacite and andesite 
fl ow rocks tha t overlie the upper con­
g lomerate were depos ited on an irreg u­
lar topographic s urface exhibiting from 
25 to 75 m of re lief. fossiliferous leaf-, 
in sec t-, and fi s h-bea rin g s trata fo r 
w hich the Kl o ndike M ountai n Forma­
tion is famo us are concentrated in the 
mudstone- and sand sto ne-do minated 
deposits in the lower half of the unit. 

Th e m aj o r geo log ic eve nts that 
charac teriz.ed th e development and in­
filling o f the Re publi c basin through 
Kl ondike !\fountain Formation time are 
outlined below: 
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EXPLANATION 

( I ) Upper Sa11poif Volcanics- I. An 
e longate vo lcano-tectoni c basin 
deve loped in the Republ ic a rea 
v ia half-grabe n subs ide nce that 
paralleled the trends of the B aeon 
Creek a nd Eureka faults. L ava 
flows e manatin g from feeder 
systems along the flanh o f Lhe 
Republic g raben flowed into a nd 
achieved th e ir g reatest thick -

0 Jr~~:±;_~;£J 

-
I coarse gravel 

fi ne: grave:! 

sand 

fC':Q°] matri x- and clast-supponed 
~ conglomerate 

I:··· :_.J sandslonc 

nesses wi thin the subs iding IE:Bl mudstone 
grabe n (H olde r, 1990) 

(2) Upper S1111puif Vo lcan.ics-2. silt and clay (mud) m lava rocks 

Hydrothermal ac tiv ity prom oted 
precious-metal e pithermal 
mineral ization a nd ex te nsive ly 
altered o lder Sanpoil s tra ta 
(Tschaudcr. 1989). Topographic 
a nd vo lcano-tectonic depress ions 
became Lh e si tes of ho t s prings 

Figure 2. Generalized composite stratigraphic section of the Klondike Mountain Formation and 
uppermost Sanpoil Volcanics in the Republic basin. The graphic profile of the section reflects th e 
relative resistance to weathering (tied to sediment grain sizes and rock types) . Fossi ls are best 
preserved in strata from the lower member of the Klondike Mountain Formation. Limits of informal 
members used in this paper and formal and informal members described by Muessig (1962, 1967) 
are also indicated. 

a nd loca li zed lakes . Lake 
sediments that accumulated in these bas ins were 
cemented with s ilica and inte rstratified wi th 
porcelanenus silica s inte r (Tschauder, 1989). 

(3) Upper111ost Sanpoil Volranics. Exp losive hydrothermal 
e rupti o ns centered w ithin the Republi c basi n ejected 
brecciated and si lici fi ed. laminated lake depos its , 
porcelaneous silica s inter, and quartz-vein frag ments 
rrom deepe r in the hot sp rin gs feeder syste m (Price and 
Gaylord. 1989). Poorly sorted, loose ly consolidated 
hyd rothermal eruptive detritus was readil y reworked by 
ep ic lasli c processes . Coinc ide nta lly , rising lake waters 
prompted either hy volcano- tec toni c s ubsidence or by 
lava damming of outlet streams (or both ) drowned these 
early , coarse-gra ined lake depos its beneath s ubsequent 
mud- and locally sand-ri ch lake sedime nts . 

( 4) Lowermost Klondike Mountain Formation. As lake 
waters in lhe Repub lic basin continued to rise, 
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hydrothermally altered detri tus re maining from the 
ear lier hydrothermal e ruptions as well as recent I y eroded 
San poi I Volcan ic.;s detr itus were transported to the lake 
from surrounding highla nd a reas primaril y vi a 
sedimentary mass movement (debri s flows ) and a lluvial 
(slream ) reworking. Debri s-flow d eposi ts are 
recognizab le as poorly sorted , c lay- and mud-rich , 
ma tri x-supported brecc ia and conglomerate. Clasts of 
s iliceous quartz s inter a nd quartz ve ins arc mixed w ith 
clas ts of brecciated, s ilic ified , and laminated lake 
sediments in these conglomerates . Alluvial depos its are 
poorly preserved in the Kl ondike Mou ntain Format io n 
because of the ease with w hich they were removed by 
subseque nt erosion. Where preserved, though. these 
depos its generally are moderate! y to wel I sorted and 
re latively sand rich and exhibit stratifi cation and 
cross-stratification. 



(5) Lower to middle Klondike Mountain Formation-/ . As 
the drainage bas ins o f streams feed ing the lake e nla rged 
wi th time, the lake continued to grow, probably reaching 
a mi n imum s ize of 25 km2 based on la teral ex ten t of 
preserved lake depos its . Fill i ng of the lake proceed ed 
via stream syste ms w hose deposits, as no ted earl ie r, 
generall y have not been preserved as pa rt of the 
Klond ike M ountai n Formation st ratigraphic s uccession. 
Lake sed iments cons is t largely of s ubang ular to rounded 
andes it e a nd dac ite grains, w hich s uggests that the lake 
was fed by streams that e roded o nl y t he Sa npoil 
Volt: anics. In contrast, sediments in the C url e w bas in 
we re ca rri ed to the lake by streams that tra nsported a 
wide r vari e ty o f rock ty pes, includ ing weathered Sanpoil 
Vo lcanics a nd o lde r metamorphic a nd plutonic roc k 
partic les. 

Streams feeding the Re publ ic bas in provided mud to 
gravel-s ize material to the lake. T he th ick seque nce of 
mudsto ne, sand stone, and cong lomerate in the Republ ic 
bas in accum ulated by suspe nsion sett ling, low- a nd 
high-density turbidi ty c urre nts, and debris flows 
(Gaylord and o thers, 1990; Price, 199 1; Suydam, 1993). 
G ray to brown mudsto ne de posi ts likely represent 
seasonal s uspens io n settling and de posi tion by the di stal 
portions of low-dens ity turbidi ty c urre nts. La minated 
o rgan ic-rich mudstone represen ts s us pe ns io n depos itio n 
in a the rma lly stra tified lake whe re a t least the deepest 
part of the water column was unaffected by seasonal 
overtu rn. Normally graded to mass ive a nd horizontal ly 
stratified sandstone deposits are consistent with 
suspen ion a nd traction sedimentation fro m sand- rich, 
high- and low-densi ty turbidity currents (Lowe, 1982). 
Occasionally , coarse, gravel- r ich sediments were 
de livered into the la kes via debris fl ows to prod uce beds 
of matrix- a nd c last-supported cong lomerate. 

lt was d uring th is time that some of the ri chest 
concent rations o f now-fossi li zed leaves, insects, and fi sh 
were buried and preserved within the lake. Muc h of the 
wood a nd leaf materi a l transported to the lake was 
macerated by the abras ive acti o n of more res is tant 
sediment part ic les e ither in feeder streams or by wave 
action a lo ng the beach. Jt is s tri ki ng that there has been 
such widespread preservation of intact leaves and foss il s 
in suc h a d ynamic de pos itio nal setting. Apparentl y, 
leaves and po ll en often were transpo rted to the lake by 
streams and w ind and lat er settled into deeper parts of 
the lake where burial was swift and reworking by wa ves 
was minima l. The commo n coinc ide nce of foss il s w ith 
th inl y to thick ly la minated , normal ly grad ed coup lets of 
fi ne sand to mud indicates that in many cases the fi s h, 
insec ts, a nd leaves were able to rema in intac t in spite of 
the freque nt turbidity currents that fl owed across the lake 
botto m . C u rio us ly, these fossi Ii ferous strata s ho w o nly 
local ev ide nce of b ioturbati on, s uggesti ng that e ither 
oxygen levels were too low to s upport b urrowi ng 
organisms or t hat depos itio n rates ofte n were 
except io na lly high. 

(6) Lower to middle Klondike Mountain Formation-2. As 
the d rai nage bas in feedi ng the lake conti nued to e nl arge, 
coarser g rained, sand-rich de tritus was shed fart her o ut 
in to the la ke. Sand thi ckness maps (isolith maps) suggest 
that sand- ri c h fa n-deltas (s pati al ly connected to a llu vial 
fa ns on la nd) pro g raded across the lake (Gay lord and 
others, 1990; Pri ce. 199 1; S uydam , 1993). Fossi ls 

prese rved in the Kl o ndi ke M o un ta in Formation dur ing 
thi s episode of sed imen tation large ly consist of 
macerated debris. Deposi ti o n at th is ti me sig naled an 
increase in sediment inpu t a nd a possible decrease in 
re lative bas in s ubsidence or increased h ighland up li ft, o r 
bo th . 

(7) Middle to upper Klondike Mountain Fo rmation. 
Sed imenta tio n in the lake a t this ti me was do m inated by 
grave l-ri c h depos ition. Grave l-ric h sed iments 
acrn m ulated in the lake via subaqueous debris fl ow and 
dens ity c urre nt de posi tiona l processes as fa n-de lta 
progradati on continued. Sedime nt in p ut increased as the 
d rainage basin of the st reams fi ll ing the lake cont inued 
to e nl arge; however, basi n subsidence a nd (or) highland 
upl ift either slowed or ceased al th is time. Price (199 1) 
concluded. on the basis of t he geometry and t hickness of 
Gilbert -type delta fo reset beds, that the lake waters may 
have been a l least 300 m deep at th is t ime. Ul timately, 
the lake basi n was fi lled, thus creating the coarsen ing-up 
stratigraphic sequence seen in the composite 
s trat igraphic sectio n (Fig. 2). 

(8) Upper Klondike Mountain Formatio11- J. Regio na l 
up warp ing, poss ibl y assoc iated with the the rmal 
expans io n that probably accompa nied ex trusio n of the 
overl y ing lava fl ows (W agoner, 1992), pro moted a lluvial 
incision of the uppermost coarse-grai ned, gravel-r ich 
deposits of the Kl o ndike M ountai n Formation . Streams 
that drained this surface produced local topographic 
relief o f 25 lo 75 m . 

(9) Upper Klondike Mountain Formation-2. G las~y to 
l ithoidal basaltic andesi tes and rhyolites (Wagoner. 
1992) were ex truded across the irregularly dissected 
erosional sur face o f the upper Kl o nd ike Mou ntai n 
Formation. Volcanism in the Republic grahen at th is 
ti me was characteri zed by dome-like eruptive centers 
s ituated a long ex tensional fau lts. Mi nor sedi men tary 
de pos its deri ved largely from eros ion of the lava fl ows 
occurred d ur ing in terfl ow episodes. T his intcrs trati ficd 
seque nce of volcan ic and mi nor sedimentary rocks caps 
the Kl o nd ike M o un tai n formation stra ta in both the 
Republic and C urlew basins. 
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ERRATUM 
On page 3 1 in our previous issue. there are two geologic 
units mislabeled . The Tl unit in the center of the ri ght side 
of the map shou ld be Kqm (Mount Spokane granite), and 
the small unit in that area labeled Kqm i s TKa (a laskite , 
peg mari te, apl ite). 

New Home Page for the 
Office of Mines and Minerals 

T he Offi ce of Mines and Minerals home page can be ac­
cessed via: 

http ://d nr. state. i I . us/i Id nr/offices/m i nes/0 111 m . htm I 

The li st of li nks Lo mines and mining si tes can be reached 
by : 

http ://d nr. slate. i I . us/i Id nr/offices/m i nes/m i nelynx .ht m l 

The list of l i nks includes about 2,250 items and i s con­
stant ly growing. W atch for it to be subdi vided in the fu­
ture. Please notify Lerpstra@eLana.osmre.gov i r there are 
problems with the page and contents. 



4. 

Republic Leaf Deposits and Eocene Ecology 
Robyn J . Burnham 
Museum of Paleontology 
University of Michigan 
Ann Arbor, MI 48109-1079 

The leaf floras of the Republ ic graben are a spectac ular lot. 
Each s lab one s plits has the potential to display a complete 

reddish-brown leaf that is highlighted by dark brown veins and 
isolated on the creamy white matrix. (See Fig. 1. ) The beauty 
of the fossi ls in deposits like these deserves robe studied in 
detail. Sim ilar lakebed prcscrvational conditions are rare, but 
well known: Florissant a nd Green Ri ver in Colorado, Wind 
River in Wyoming, and C lark ia in Idaho . 

ln the excitement of finding a species new to science or of 
uncovering a complete s pecimen of one of the known s pecies , 
it might be tempting to set aside until later the idea that the 
flora and the depos it are a snapshot o r an anc ient ecosystem. 
Once we put the Re public flora in an evolutionary, biogeo­
graphic, o r ecological context, we can see the importa nce of a 
whole s uite of detail s, from rock texture to floral diversity . 
The conditio n s under which the d e pos it fo rmed ( th e ta­
phonomy) give us informatio n about the loca l Eocene ecosys­
tem. It is thi s informati on that allows us to trave l in o ur minds 
through the ancient forest. 

The floras at Republic were deposited in quietly accumu­
lating muds r ich in fine volcanic debris. Pe riodic e ruptions o f 
volcanoes c hoked the air and the rivers with vo lcanic dust. but 
these we re not times of deposit io n of the plants we know best 
from Republic. Instead, these piles of volcanic dus t and debris 
were incorporated slowly into the so il profile and into the sed i­
ments of rivers leading away from the volcanic s lopes. Debris 
dams were formed occasionall y, pondi ng ri ve rs into s hort­
lived lakes. These lakes filled rapidl y with fine sed iments, but 
they sti 11 probably preserved very lit tle plant materi a l that has 
the quality of the plants desc ribed above. 

Slow ly the land scape recovered from the inundation of 
volcanic sediment. The unstable s lopes were leveled and the 
gu llies were filled during the erosion-fill process. Depressions 
became permane nt lakes. Some of the depressions owed their 
presence to local fau lts. Movement along these fault s ma in­
tained the geologic structure in the area and slowly deepened 
the lakes, a llowing them to continue accumulating sediments . 
The landscape took on a more stable appearance and started to 
support forests bet ween the river courses and along the lake 
edges. Sediment influx to the lakes continued, but only the fin­
est sediment reached the lake, the coarser material dropping 
out in the rivers as they made their way to lake basins. 

Fine sedime nts are essential if the fine details of leaf veins 
and margins or sculpturing of fruits and seeds arc to be pre­
served. Clearl y, large quantities of fine sediment reached the 
lake because the ratio of sediment to o rganic matter is low. 
Leaves were both carried to the lake in the rivers and probably 
fel l directly into the lake from surrounding trees . The leaves 
would have floated some distance, but once waterlogged, they 
settled to the lake bottom and were quickly covered by the ar­
riving volcanic- rich mud. Leaves arriving in the rivers may 
have been torn during transport, but a waterlogged leaf is more 
plastic than a dried leaf from the forest floor , so the river­
transported leaves may be represented by both torn a nd fairly 
fresh- looking leaves. 

The presence of hot mineral s prings in the area may have 
aided plant preservation in some cases. In modern vo lcanic e n­
vironments , mineral deposits have been noted coating leaves 
with a fi ne precipitate. This precipitate may prevent bac ter ial 
degradation and impart durability to the o therwise frag ile leaf, 
thus helping to preserve. rather than degrade , the leaves. 

We know that the landscape was relatively s table during 
the ti me o f deposition of the leaves at Repub lic for a couple of 
~·ea_sons. _First , the predominant grain s iLc in the plant depos its 
1s fine: silt to clay particles entomb the leaves. Rivers ca rrying 
larger g rain sizes would have left some larger grains on the 
fossils, but this is rare in the deposits from which we have 
co llected the best leaf spec imens at Republic . Second, the high 
spec ies richness of the plants and animal traces in the deposits 
at Republi c indicates that the ecosystem was re lati ve ly stable, 
at least in the s hort terms of hundreds of years. A limited range 
of plants and animals can withstand cons tan t perturbation. A 
modern parallel might be the weeds along the roads ide. They 
are a limited subset of the total fl o ra-t hose that can stand 
crushing and partial uprooting throughout their l ives. So the 
volcan ic activity, which in modern volca noes has enormous 
energy for movi ng sediment , represents a pause in deposition 
or the highly produc ti ve plant layer at Republi c. In some 
cases the periods of quiet plant deposi tion e nded abruptly 
when a large plug of coarse sediment c..:ovcrcd the plant-rich 
deposit. 

Taken together, then , the leaves and their e nclosin <> cdi­
me nts give u s a picture of the Eocene landscape that we ~an not 
!>eC as clearly from fossils or rock i n iso lation . • 

Figure 1, A typical, beautiful ly preserved leaf of an extinct relative 
of the sumac (Rhus malloryi Wolfe and Wehr); SRBB-43-1 , x1 .65. 
The fine grain size of the sediment enhanced the preservation of 
the details . (Photo by Lisa Barksdale.) 
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The Presence of Fagaceae (Oak Family) in Sediments 
of the Klondike Mountain Formation (Middle Eocene), 
Republic, Washington 

Maria Gandolfo 
L. H. Bailey Hortorium 
Cornell University 
Ithaca, NY 14853-4301 

Near Republic, Washi ngton, outcrops of th e Klondike 
M ounta in Formation o iler an exceptional opportunity for 

studying megafossils because of thei r ahundance and excellent 
preservation . The Republic J"l ora, for which the age has been 
rad io metrically calculated as early middle Eocene, suggests a 
mixed con iferous fores t with princ ipal components such as 
Pill/ts (pine). Picea (spruce), Trnxa (hem lock), Abies ( fir), and 
Thuja (cedar). As part of the understory, although not as well 
represented. arc dicotyledonous shrubs and trees suc h as Hy­
dran~ea, N.ih,•s (wi ld cu rrant), Pru11u:, (cherry ), Cory/apsis 
(win~er haze l). Phoebe (laurel) , Populus (poplar), and Salix 
(wil low). In s pite of the fact that most elements of this type of 
forest are amenoph ilous (w ind-pol Ii nated ), some of its cle­
ments. such as the understory trees and shrubs , are entomophi­
lous (pollinated by insects) . This type of forest indicates a mi­
crothermal climate in which the mean annual te mpe rature is 
s lig htly less than J3°C (about 55°F). 

At least 50 families of flowerin g plants have been identi­
fied as c lements of the Republic riora . Among the most inter­
es ting of these, the family Fagaceae (beeches and oaks) is rep­
resented by remains that are ass ignable to both extinct and 
modern genera. The modern Fagaceae is a large family o f both 
trees and shrubs that has a northe rn hemi sphere distribution. 
There a re nine ex ta nt genera. Of thes t'. . Quercus (oaks) and 
Fa x u:, (beeches) are pl;c.:ed in the s ubfamily Fagoideae, Cas­
ran ea (ch es tnuts ) in the s ubfamil y Cas tanoideae. (Some 
a uth o rs place Quercus in a th ird subfa mily, Q uercoidcac.) 
Qucrcus and Fag us are pol linated by wind, whereas a ll me m­
bers of the Castanoideae are insect-poll inated. 

Our knowledge 01· the history of the Fagaceae has been 
greatly enric hed by descriptions of fossil wood, leaves, stami­
nate ca tkins , pollen gra ins, pist il late infruc tescences. and 
fruits. The fir st microfossil record ide ntifi able as be longi ng to 
the Fagaceae consists of pollen grains resembling those of the 
mode rn Castan o id eac th at were found in Late Cretaceous 
rocks o f the San Joaquin Valley in California. The first indis­
putable megafossi l evidence for both subfamilies cons ists of 
wood, leaves. and fruits fro m the middle Eocene. By the late 
Eocene. the family was already widespread in North America; 
foss il s (mostly leaves) assigned to Fagaceae are known from 
several formation s in different states and provinces. 

The fagaceous fossils found at Republic vary from speci­
mens that appear almost identical to modern members of the 
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family to ex tinct forms that appear to have no modern analogs . 
Perhaps the most interesting of the novel forms is FaRops is 
undulara ( Knowlton) Wolfe and W ehr (Plate I, figs. I and 2), 
known from specimens of both iso lated leaves and fruits. The 
leaves are characteri zed by the combinat ion o f elliptical s hape. 
straig ht unbranched secondary vein s, and s imple prominen t 
teeth separated by shallow si nuses. The type of serration along 
the leaf margin allows Fagopsis to be identified as belonging 
in the Fagaceae because thi s character is of wide occurrence in 
extant gene ra of the fami ly. Some dispersed circular aggrega­
tions of fruit-wedges , a lso collec ted in the Klondike Mountain 
Forma ti on, l"il the description of Fagopsis fruits. Each wedge 
has a c.:one-like shape and is toothed at the di stal end. Foss il 
leaves that resemble mode rn Castanea, Fa,;us, and perhaps 
Quercus have also been reported from the lakebed strata. 

The ge nus Ca:,taneophy /lum ( Plate I , figs. 3 and 4). 
erected for isolated Castan ea- like fossil leaves. is almost iden­
tica l in leaf features to the extant gen us Custwrea . The ~hape , 
margin , high-order venal ion. and arco lation relate the fossi I 
genus Castan eophy/111111 to modern Castanea , and for thi s rea­
son o mc researc.:hers believe that Casta11 eophyllu111 shou ld be 
considered a member of the subfamil y Castanoideae. 

The leaves of Fag us ( Plate l, figs. 5 and 6) are charac­
teri zed by a serrate margin , si mple teeth regularly spaced, 
rounded si nuses. a nd distinctive se<.:ondary venat ion . These 
features al low Lht:m lo be easi ly di stinguished from those of 
o ther ram i I ies as well as other genera of Fag acaeae a nd to be 
considered as belonging to the subfamil y Fagoideae. 

Various fragmented specimens show leaf characters s imi­
lar to those of the genus Quercus (Plate I, fig. 7), but any as­
s ignment to Quercus al this time is do ubtful. The presence of 
Quercus in Lhe Republic fl ora still needs to be confirmcJ . 

Although Fagaceae is poorl y represen ted in the Repub lic 
flora. because of its position early in the development of mod­
ern genera of the family, further collec ting and work on the 
fossil at this si te have potential to shed li g ht on major events 
in the evolution of the fami ly. 
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Plate 1 . Fossil leaves and fruit of the oak family from th e Okanogan Highlands of Washington and British Columbia. UWBM, University of 
Washington, Burke Museum. 1. Fagopsis undulala, leaf, UWBM 57491 a, loc. B3389, One Mile Creek [OMC], near Princeton , BC. 2. Fagopsis 
undulata, fruit, UWBM 74317, loc . B5097, Midway, BC. 3. Castaneophyllum sp., leaf, UWBM 76557, loc . B3389, OMC. 4. Castaneophyllum sp., 
leaf, UWBM 56705, loc. B3389, OMC. 5. Fagus sp. leaf, UWBM 71065, loc. AD307, Republic , WA. 6. Fagus sp. leaf, UWBM 5631 4, loc. B3389, 
OMC. 7. ?Quercus sp., UWBM 3 1245, loc. A0307 , Republic. The bar beside each figu re rep resents 1 cm. 
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The Conifer Flora from the Eocene Uplands 
at Republic, Washington 
Howard E. Schorn 
Museum of Paleontology 
University of California 
Berkeley, CA 94720-4780 

As you co llect foss il p lant s in Rcpub li<.: , and th e bright s un 
o f a warm /\ug us t a ftern oon begi ns to hear down o n yo u, 

you probabl y readi a point where you look around for some 
s hade. The largest trees in the immediate area a rc th e ponder­
osa pines and Douglas fi rs. Lean bac k agains t a ponderosa, 
dost: your eyt:s and conjure up th e fores t scene that ex isted 
he re some 49- 50 million years ago. What kind of a tree would 
yo u be leaning against in th e Eocene fo res t? What conife rs 
were he re the n '1 Jus t how do the Repub lic l'ossi l he lp us un­
ders tand the geo logic hi s tory of the coni fers? 

If you could tra vel back to the Re public a rea during the 
midd le Eocene abou t 50 milli o n years ag o . you eas il y wo uld 
recognize the conifers g rowin g in th e fores t. lt w<1s a n associa­
ti o n of s pec ies th at no longe r li ves toge th e r in <1 11y o ne s mall 
a rea o n the face o f Earth . B ut even th o ug h th t: assoc iatio n of 
spt:c ies was diffe rent from any known to day . you s till wo uld 
recognize the di s tinc t forms that made up t he forest. especia ll y 
if yo u were reasonab ly familia r w ith th e modern fores t of eas t­
e rn As ia (Wang, 196 1 ). Nearl y o ne-ha lf of th e con ifer genera 
found at .Republic li ve today o nl y in China and (or) Japan. 

The fos~ il s that an: tht: remains of the various parts o f the 
a nc ien t p lants look very s imilar to thei r modern counterpa rts. 
Th e re are imp re~ s ions o f branches with atlac he d leaves, 
w inged seeds, cone sca les and cones (see pho tos , p . 36), ind i­
vid ual leaves or needles. and groups ol' rascickd rn.:cdles . We 
d o not know with ct:rtainty wheth er th e Eocene p lants were 
large fores t-dwelling trees . but we ass ume fro m th eir mode rn 
re lat ives , mode rn associat io ns, an d from o th e r areas w here 
pe trifi ed ' forests· of la rge s tum ps are fo und . th at th e Re public 
forest had canopy levels o r strata o f large trees ju ·t as in mod­
e rn warm temperat t: fores ts (that is. warm microthermal c li ­
mate o f rig. I ). 

/\ s you ·rest ' in yo ur Eocene la ndscape you migh t well be 
lean ing hac k against a pine tree . The re were a t least three ty pes 
of pine in the fo rest. In fact. the Republic f'l ora probably has 
the r ichest concentration of conife r genera o f any known T er­
t iary fl o ra. Even adjus ting for the poss ible errors th a t can he 
m ade in identify ing some of the leaves that look very s imilar. 
th e re we re probably 16 genera, and a t least 18 s pec ies, o f coni­
fers liv ing in th e Repub li c fores t (Table I ). 

The Jargc number or coniferous Laxa fo und at Republic as 
meg a- impress io ns a mo ng the very large number of fossi ls re­
tri eved at these loca l ities is not s im ply a n ex press io n of the 
g reat amo unt of coll ec tin g th a t has been done. Other foss il flo ­
ras, as thoroug hl y collec ted a nd from s im ilar depos iti o nal e n­
v iron me nts, do no t yie ld s uch a d iversi ty of mega - impres­
s io ns. The entire Republic fl o ra is ri ch in fos si l s pec imens and 
is very diverse in numbers of d iffere nt species (Gooch. 1992: 
Scho rn and W e hr, 1986; Weh r a nd Schorn. 1992: W ehr a nd 
H o pkins . 1994; Wo lfe and W ehr. 1991 ). T hi ~ d iversi ty rt: fl ects 
the mode rate , o r more equable , lt:mperate cl imate that ex is ted 
al Republ ic some 50 million years ago. 
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Wesley C. Wehr 
Thomas Burke Memorial Washington State Museum 
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Seattle, WA 98 195. 

The di s tinct ly greate r generi c di ve rs it y among the foss il 
conifers at Re publi c is c learl y expressed w hen it is compared 
with th e lower divers ity from other essential ly con tempo ra nt'. ­
ous floras that g re w at lo we r and at hi gher ele vations (Fig. 2) 
in the Eocene Pacific Northwest. 

During the E ocene, just as in present fo rests. the m os t d i­
verse assem blages of coniferous genera grew under warm tem ­
perate co nditions ( th a t is, in warm mic ro therm a l to cool 
mesothermal c limate ), w ht:re the tt:mpe rature was ne ither too 
wa rm nor too cold. and where s uffi c ient prec ipitati o n was di s­
tributed th roug ho ut the growi ng season. When the three fl oras 
from Fi g ure 2 a re p lotted accord ing to t heir inferred lcm pera­
ture requireme nts (f ig . I ) it is easy lo vis uali ze the re lation­
s hi p between tempe rature conditi o ns , e levati o n, fore st type, 
an d con ifer divers ity. 

The R epubli c and contemporaneous Princeton. Brit is h Co­
lumbia, loca liti es offe r us a s ubstantia l view o r w hat th e fo rest 
cover was like in thi s reg io n during the early middle Eocene. 
Jus t ho w impo rta nt is t his information as it re lates to inc reas­
ing o ur understanding of the his tory of the conife rs? O ne way 
to apprec iate the c ruc ial importance o f th e Repub lic fl ora is to 
si mply ask, " Wha t would o ur pi c ture be like wi tho ut the R t:­
publi c co llec ti o ns?" W e wo uld have quite a diffc re nt under­
s ta ndi ng, for sure. F ir~t o r a ll , th t: Republi c fl ora prov ides us 
with the earliest uneq uivoca l record o f th ree conifer genera: fir 
(Abies), he ml oc k (Tsuga), and s pruce ( Picea) ( W e h r a nd 

Table 1. Conifer taxa in the Re public flora (from Wehr and Schorn, 
1992) 

Ginkgoaccac 
Ginkgo (maiden hair tree) 

Taxaceae 
Amenlotaxm-ty pe (Chi nese yew) 
Taxus-type (yew) 
Torreya (Californ ia nutmeg) 

Cephalotaxaceae 
Cephalo1a.rns-1ype (plum-yew) 

Cuprcssaccae 
Chamaecyparis (Pon Orford cedar) 
Thuja (arbor-vitae) 

Taxodiaceae 
Cryp1om eria-ty pe branches (Japanese cedar) 
0/yp1os1robus-type branches (Chinese waler pi ne) 
Sequoia (coast redwuucl) 
Me1asequoia (dawn redwood ) 

Pinaccac 
Ahie.,· (fir) 
Pseudolarix (golden larch ) 
Trnga (hemlock) 
Picea (spruce) 
Pinus (pi ne) 

Pi11us (Slmhus) (soft pi ne) 
Pin us ( Pi1111s) (hard pine) 

I species 

I species 
I species 
I species 

I ~pccics 
I species 
I species 
I species 

species 
species 
species 

I specics 

I species 
I species 
I species 
I species 

2 (3") species 
I (2'!) species 
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• Tropical rain forest D Mi xed mesophytic forest . 
Paratropical rain forest ~ + Mi xed broad-leaved deciduous forest 

D Notophyllous broad-leaved evergreen forest D Mixed con iferous fores t 

~ Microphyllous broad-leaved evergreen forest [:=] Mixed northern hardwood forest 

~ Mixed broad-leaved evergreen and deciduous forest w + 
Simple broad-leaved deciduous forest 

Mixed broad-leaved evergreen and coniferous forest D Taiga 

Figure 1. The Puget Lowland, Republic, and Thunder Mountain paleofloras (dark circles) (see Fig . 2) plotted by their inferred temperature 
requirements. The oval enclosure approximately defines the 'temperature envelope' that contains the majority of the living Nortt1ern Hemisphere 
conifer genera. Present-day temperature plots for the locations of the three fossi l flora sites are indicated by squares. This nomograph is redrawn 
from Wolfe (1979, 1995), with the Mean Annual Temperature scale reversed . This format may make it somewhat easier to visualize the various 
forest types as they occur in nature. This graph describes tropical conditions in the lower left corner. The vertical and horizontal axes represent 
progressively cooler and (or) higher habitats. Climates as warm as, or warmer than, the 'palm line' do not experience periods of extended freezing. 
WMMT, warm month mean temperature; CMMT, cold month mean temperature . (1) from Wolfe (1993) ; (2) from Axelrod (1990) and Leonard and 
Marvin (1982); (3) from Wolfe (1994); (4) from Wing and Greenwood (1993). 

Schorn, 1992). Second . the generi c divers ity of the Republic 
conife rs is s hown to be richer than in contemporaneous forests 
that are known on physical ev ide nce to be from e ithe r low-

lands or areas of higher elevation (Fig. 2) . This is comparable 
to distribution patterns observed in modern forests . For thi s 
reaso n, thi s type of information helps lend validity to methods 

Washing /on Geology. vol. 24, 110. 2, June 1996 23 



+-WEST - -- - - - - - - - - - - -- -- - -- - - - --- - ·NORTHEAST-- -- - - - - - - - -- - - --- - ----- - - -- - - - - ---- - - - - - - - - - -- - - - - - - -SOUTHEAST·- • 

3000 
(9842) 

2000 
(6561 ) 

1000 
(3281 ) 

0 

Puget Lowland 
(2 genera) 

X ~ 

Republic 
( 16 genera) 

Republic e levation 

Puget Lowland ck vati un, near/al sea leve l 

Thunder Mountain, ID 
(8 genera) 

Thm,dcc Mo""'" '''""'"'' J 
0 100 (62) 200 (124) 300 (1 86) 400 (248) 500 (310) 600 (372) 700 (434) 800 (496) 

Distance in Kilometers (Miles) Between the Three Sites 

fiamilics present at the three sites: 

[J Ginkgoaceae [2] Taxales (more than one family included) ~ Cupressaceae [2j Taxodiaceae o Pinaceae 

Figure 2. Comparison of generic diversity among th e conifers from three Eocene floras that lived at different estimated elevations. Table 1 lists 
the genera and higher taxonomic groups used here. X indicates relative location of the sites. 

bein g de ve lo ped for evaluating fossil fl o ras (Wolfe, 1993, 
1995 ). and thi s in turn enhances o ur confide nce and s uggests 
th a t fossil floras can be used with greater and greater assur­
a nce to rnterprc t the habi ta t, evol uti o n. a nd o lhe r as pec ts of 
a nc ient fores ts. Third , the g reatest generic divers ity o f ex ta nt 
conifers in t he Northern Hemi s phere is fairl y well concen­
trated by th e te mperature val ues within the oval draw n o n Fig­
ure l. Of th e some 3 1-33 con ifer genera presently di s tributed 
in lhe N orthern H emisphere, all but perhaps two genera are 
restri c ted to, or have som e s pec ies that live in. areas with te m ­
perature ranges th a t fall w ithin the oval ' te mperature e n ve­
lope '. 

In the pas t , as a t present , thi s temperature d o main has 
acte d as the ·c rad le' o f conifer divers ity. A s c limati c flu c tu a­
tions (W o lfe. 1994) expanded a nd (or) cont racted the variou s 
habita t s throug hout the Cenozoi c, species dispe rse d into or 
were e limina te d from p e ripheral te mperature d o m a ins o f gen ­
e rally coo ler and (o r) m o re extreme c li mates. Howe ve r , 
throughout these flu c tuations th e m ost favorable c limate s for 
conife r divers ity remained in the warm mi c rothermal to cool 
mesothe rm a l realm-a re lations hip a lread y expressed in the 
earl y middl e Eocene by the Republi c flora. 
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Paleobotanical Significance of E:ocene Flowers, 
Fruits, and Seeds from Republic, Washington 

Wesley C. Wehr 
Thomas Burke Memorial Washington State Museum 
University of Washington 
Seattle, WA 98195 

Fossils from the vic inity of Republic, Washington, provide 
an important window to the Eocene flora and fauna of the 

Pacifi c Northwest . Although the Republic flora is perhaps best 
known for the diversity of well-preserveJ leaf impress ions 
(Brown , 1937; Wolfe and Wehr , 1987 ; Wehr and H opkins, 
1994 ), plant reproductive structures are a lso present. Because 
the classification or many living plants is based la rgely on 
their fertile parts, the study o f fossil flowers and fruits is par­
tic ularl y useful in comparative studies with modern relatives. 
Persistent careful co llecting of the Republic strata has resulted 
in a steadil y increas ing database of flowers, fruits , and seeds. 
These fossil s provide an important s uppl e ment to the data 
available from leaves . Some of the reproductive structures rep­
resent genera as yet unknown from leaves, whe reas others pro­
vide a more complete understanding of the genera known also 
from leaves. 

Because foss il leaves are the most commonly fo und plant 
element at many Tertiary localities in Washington , Oregon, 
a nd British Columbia, Pacific Northwest paleobotanical work 
has re lied heavily on the fossil leaf record. The historical ap­
proach commonly used in west coast fossi l plant study has Ira-

Steven R. Manchester 
Museum of Natural History 
University of Florida 
Gainesville, FL 32611 -2035 

ditionally been rloristic and ecological and based primarily on 
foss il leaves. No matter how competently identified they are. 
foss il leaves, however, can provide at best only part of the pic­
ture . T hey can, in fact, present a distorted picture of angio­
sperm evolution. Many foss il leaves, in their general similarity 
to extant leaves, can give the impression that they represent 
extant genera. However, some of the fossil flowers, fruits, and 
seeds found in close assoc iation , and more rarel y in d irect at­
tachment with them . represent extinct genera for wh ich there 
are no known living counterparts. The reconstruction of the 
'whole plant' has become a l'unJamental approach in contem­
porary angios perm paleobotany. 

Wehr ( 1995) provided an overview o f the diversity of 
flowers , fruits, and seeds from Republi c and other si tes of 
simil ar age in the Pacific Northwest , showing the potentia l for 
many avenues of syste matic research . Approximately 6 spe­
cies of flowers, 30 species of fruits, and 4 speci es of seeds are 
now known from Repub lic. C urrentl y, about 18 ex tant genera 
and at least 14 extinct genera can be recogn i7.ed. In addi ti o n, 
at leas t 20 types remain unide ntifi ed, types which could in­
c luJe both 111ouern anJ extinc t genera. The curre nt list of Re­
public fossil fl owers , fruit s . and seeds (wi th their commo n 

Table 1. Flowers, fruits , and seeds found at Republic through 1995. Plates i and 2 illustrate specimens found or identified since mid -1994 

1':ymphaeaceac (water lily famil y) 
N11plzar sp. (water I ily) seeds. stigmatic disc 

[Plate, 1, fi gs . I and 2) 

Menisperrnaccae ( rnoonseed farni ly) 
Cu/ycocwpum sp. fruit l Plate I. fig. 3 J 

Trochodendroid Group 
Trodwdemlron sp. fruits 
J,~ffrea sp (extinct genus ) fruit s, seeds, 

stamens [Plate I. figs. 4 and 6] 
Cerc1diphy/lw11 sp. (katsura) cl us te red pods 

[Plate 1. fig. 5] 
Nordenskioldia sp. (ext inc t genus ) fruits 

Sabiaceae (sabia family ) 
Sabia sp. fruits l Plate I , fig. 7 J 
Melio.rnw sp. (fruit) [Plate I. fig. 8] 

Hamarnelidaceae (witch- hazel family) 
l.ll/LLidamhar s p. [sweet g um) seeds 

Eucornrniaceae (cucornmia fa111ily ) 
Eucommia sp. fruit 

Platanaceae [sycamore fami ly) 
Macgir1icarpa s p. (ex tinct genus ) fruits 

Tiliaccac (linden famil y) 
Crargw sp. fruit 

Sterculiaceae (cocoa tree fami ly) 
Florissa,11ia <1uilc/1e11e11sis Manchester 

(ex tinct genus) flowers. stamens 
[Plate 2. fi g l] 

Ulmaceae (elm family) 
U/11111.1 sp . fruits 
Cerirelospe.r11111111 sp. (extinc t genu s) fruit 

[Plate 2, fi g. 2] 

Fagaceae (oak family) 
Fu1;011sis undulala (Knowlton) Wolfe & Wehr 

(ex tinct genus) fruits 

Betulaceae (birch/alder fami ly) 
A/,:us /Jllrvijo!iu (Berry) W olfe & Wehr (alder) 

fruits 
Cory /us n . sp . ( hazelnut ) frui t in hus k (in vo luc re) 
aff Cory /u s sp. fruit 
aff. Cwpinus sp. (hornbeam) fruit 
Palaeocar/Jin11s sp . (extinc t genus) frui ts 

Juglandaccac (walnut family) 
Cr11r-ip1na s p (ex r,nct genus) fruit 
Ca 1ya/Ju1;/a11s sp. (hickory or walnut ) fruit 

[Plate 2, fig. 31 

Lcguminosae/Fabaceac? (pea/loc ust famil y) 
unknown genus fruits [Plat:e 2. fig. 4 ] 

Myrtaceae (myrtle fami ly) 
Pa/eo 111yrrina~u sp. (cxtinL:t genus) fruit 

[Plate 2. fig . 5) 

Sapindaceac (soapberry family) 
B0lt le11ia u111ericww (Brown) Wolfe & Wehr 

(cxtinct genus) fruits 
Deviacer ("Acer" arctirnm) (exti nc t genu, ) fruits 
Koelre11Jeria s p. fruits 

Aceraceae (maple family ) 
Acer , pp. (r11apleJ fruits 

lcacinaccac (moonvine family) 
l'alaeopl;ytocrene sp . (extinct genus) fruit 

Vitaccae (grape family) 
Vitis sp . (grape) seeds 

Rubiaccae (gardenia/coffee/quin ine fam il y) 
cf. Emme11opterys sp. frui ts 

!Plate 2. fig. 6] 

Hignoniaceae (cata lpa fami ly) 
genu s unknown seed s 

Musaccac (banana famil y) 
1-;nure sp. (bana na) fruits w ith s~eds 

[Plate 2. fi g . 7] 

Unknown affinity 
Pleronepely.v wehri Manchester [extinct genus) 

rrui ts 
Ca/yciles ard111nensis Crane (extinct genus) frui ts 
Unde te rmined I fruits [Plate 2. fig. 81 
Undetermined II frui ts [Plate 2, fig . 91 
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Plate 1. Flowers, fruits . and seeds that have been recognized at Republic since mid-1994. See Wehr (1995) for more illustrations of these kinds 
of fossils from Republic. UWBM, Univ. of Washington, Burke Museum; SR, Stonerose Interpretive Center. 1. Nupharsp. seed mass. UWBM 36804. 
loc. B4131 , x1 2. Nuphar sp. stigmatic disc, SR 95-30-04, loc. B4131, x2 . 3. Calycocarpum sp. fruit, UWBM 95537, lac. B2737, x2 .5. 4. Joffrea 
sp. stamens, SR 95-15-11 A, lac. B4131, x2. 5. Cercidiphyllum sp. clustered pods, SR 93-9-7, lac. B4131 , x1 .5. 6. Joffrea sp. stamens, SR 
92-14-14, lac. 84131, x1. 7. Sabiasp. fruit, SR 95-30-08, loc. 84131, x4. 8. Me/iosmasp. fruit , SR 95-30-12, loc. 84131, x3. 

names) is given in Table I . Th irteen of the families on thi s list 
are known also by fossi l leaves found at Republic. Ten of the 
famili es arc known only from their flowers. fruits, or seeds. 

To understand the biogeography of the plants , it is helpful 
to compare the flowers , fruits , and seeds found at Republic 
with those recorded from other Eocene and Oligocene locali ­
ties. The middle Eocene Clarno Formation of north-central 
Oregon has abundant fos si l fruit and seed remains (Sc otr , 
1954, Manc hes ter. 1994 ); some of these tax a are s hared with 
the Republic and British Columbia middle Eocene Jloras: Cm ­
cipcera, Jug /ans?. Florissantia (although a d ifferent species) , 
Calycites, Macginicarpa , Deviacer, Pteronepelys . Meliosma. 
Palaeophyrocre11e, Vitis , Palaeocarpinu s, Craigia , Poran.a, 
Joffrea , Sabia, Calycocarpum , Ensere , and F.mmenopterys. 

Shared with the Eocene Green River Formation floras of 
Wyoming, Colorado, and Utah arc Palaeophyrocre11 e, Mac ­
gin.icarpa, Florissanria , and vitaceous seeds. Shared with th e 
middle Eocene Messel flora. from near Darmstadt, Germany. 
are Cruciptera, Cedrelospermum , and vitaceous seeds . 

Tht'. Oligoce ne Bridge C reek flora of central Oregon 
(Meyer and Manchester, in press) contains, in common with 
Republic , several genera: Ulmus, Acer. Cercidiphyllwn , Ce­
drelospermum, Craigia. Nuphar, Florissantia , and Palaeo­
phytocrene . 

During the conct'.rted col lec ling that has been dont'. at R t'.­
publ ic. especially since 1977 , new and rare var iet ies of flow -

26 Washin gton Geology, val. 24, 110. 2, Jun e 1996 

ers, fruits , and seeds are still heing fou nd regularly. These 
finds are helping us to have a clearer understanding o f the pa­
leogeog raph ica l distributions of many plants, both modt'.rn and 
extinct. These fossil finds continue lo yield new information 
about the evolu tion of the flowering plants during the Early 
Tertiary, a critica l ti me in the appearance and di versifi cat ion 
of many angiosperm familie s and genera. 

Acknowledgments 

Without the donations of the fo ll owin g co ll ec tors, this art ic le 
would not have been possible : Li sa Barksdale, Bob Geer, Don­
a ld Hopkins , Kirk Johnson, H enry Kowalyk, Donald Krom, 
Alli e Kunkel, Chris Luckey , Madilane Perry, Robert Solt. 
Alex Strong, Peggy Toepel, and Michael Vermillion. 

References Cited 

Brown, R. W .. 1937, Further addi ti ons to some ru~sil rloras of the 
western United States: Washington Academy Sciences Journal , 
v. 27, no . 12. p. 506-51 7. 

Manchester. S. R., 1994. Fruit s and sccus of the midule Eocene nut 
beds flora . Clarno Formation. Oregon: Palaco nt ographi ca Ameri­
cana. no. 58, 205 p. 

Meyer. H. W.; Manchester. S. R., in press, The Oligocene Bridge 
Creek flora of the John Day Formation, Oregon: University of 
California Publicati ons in Geo logical Sciences. 



1 2 3 

5 .. ,. 

6 

8 

Plate 2. Flowers , fruits, and seeds that have been recognized at Republic since mid-1994. See Wehr (1995) for more illustrations of these kinds 
of foss ils from Republic. UWBM , Univ. of Washington, Burke Museum; SFl, Stonerose Interpretive Center. 1. Florissantia quilchenensis Manches­
ter stamens, SR 95-30-07, loc. B4131. x2.5. 2. Cedre/ospermum sp. fruit, UWBM 77570, loc. B4131, x5. 3. Carya!Juglans sp. fruit, SR 95-30-03, 
loc. B4131, x1. 4. Leguminosae? fruits, SR 92-13-2A, Joe. B4131, x1. S. Paleomyrtinaea sp. (extinct genus) fruit, UW8M 77721 A, loc. 82737, 
x2 . 6. cf. Emmenopterys sp. fruits. UW8M 77563, loc. 84131 , x3. 7. Ens,ete sp. fruits with seeds, UW8M 57225, loc. A0307, x3. 8. Undetermined 
I fruits , UW8M 78162, loc. A0307 . x1 . 9. Undetermined II fruits . UW8M 57473, loc. B4876 (Golden Promise mine), x1 . 
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Pollen and Spores Characteristic of 
Eocene Sediments at Republic, Washington 
Estella B. Leopold, Cindy A. Updegrave, and Katie Maier 
Department of Botany 
University of Washington 
Seattle, WA 98195 

w c pr~cessed five sample_s of organic-rich si lty s_hale from 
the foss il pl ant beds of th e:: KlonJ1kc Mountain Forma­

tio n o n the north s ide of Republi c, Washington. to investigate 
the c harac teri s ti c pollen and spores from thi s important floral 
s ite. Some of the~e samples also contained foss il leaf rema ins. 
In a repeated effort to minimize damage to the fossi l pollen. 
we used vari o us a lte rnati ve combinati o ns of Schultze Solu­
ti on, 5 percent po tassi um hydroxide, hydrofluo ric ac id, acety­
lat io n. sod iL:m hypochl ori te bleach, and heavy li4uid fl o tat io n. 
However, all our samples yielded o nl y poorly prese rved par­
ti cul ate organic matter in which tiss ues and polle n were badly 
corroded a nd reta ined few morphological reatures. 

Our samples cons is te ntly conta ined abu ndan t c ha rcoal and 
some poorl y preserved pollen g rains of the Pin aceae, includ­
ing Picea, Pinu s. Abies, and Tsu ga . Because o r the abundance 
of ang iosperm leaf re ma ins, we antic ipated po llen of di co tyl e­
donous plan ts, but we were ab le to identify only one dicot ge­
nus. Betula. a nd t here appeared to be many isodiametri c pol ­
len/spore gra ins that were probably a ngiosperm polle n. A lso 
com mo n were fungal spore remains. and we found a rew hy­
phae and n1t)nolete fern spores. 

We were surprised a t the c harac ter of our result s, partly 
because we had gotten some moderate ly well preserved pollen 
from the Eocene Princeto n locality i n Britis h Colu mbia. (See 
Pigg and Stockey, thi s issue .) We know of ano ther s ite , the 
Tepee Trai l Formation, Wyomi ng (considered to have bee n an 
upland s ite a nd w hic h is of la te Eocene age), where in spite of 
foss il monkeys and a s mall d icot and coni fer leaf flora , the 
polle n obtained were rare and c hiefl y Pi11u~, with o nl y an oc­
cas ional g rain of A /n us pollen. Si mi larly, the Bea verheaJ fl o ra 
of Montana is ch iefly composed of Pinaceae polle n wh il e con­
taining a diverse broadleaved woody fl ora that does no t appear 
to be rc prc cn ted in the po llen record (Leopo ld a nd MacG ini­
ti e, 1972). Q ual ity o f po llen preservation a t Republ ic is con­
siderably worse that a t the Tepee Trail o r Beaverhead flora l 
s ites in the northern R ocky M o untains. 

A pre li minary pollen stud y o f fossil -bearing lacustrine 
sed ime nts from the One Mile C reek fl ora locality at Princeton , 

Northwest Paleontological 
Association Activities 

August 10: Bill Smith wi ll lead a fie ld trip to the Coal 
Creek area near L o ngview to co llect fro m the Cow litz 
Formati on. 

September 7: W es W e hr w ill speak a bout the fossil 
pl ants of the Republic area at I :00 pm in the Burke Room 
al the Burke Mu seum, Univers ity of W ashing ton . 

For mo re information about these and other trips and lec­
tures or the associati o n, contact B ill Smith (pres ident) at 
(360) 697-1 859 . 
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Briti sh Col umbia, has y ielded a small but s ignificant li s t of 
moderately well preserved po llen . The leaf fl o ra at One Mile 
C reek is considered to he coeval w ith the Re public fl ora and is 
tlorist ica ll y s imil ar to that at Re publ ic. 

The co-occurring rcproducti vc structures , fo l iagc. and po l­
le n of Abies, Pinus , and Tsuga from the Eocene sediments at 
Republi c and One Mile Creek comprises some of the earli est 
known we ll -documented record s of these genera. Po llen of 
Hetula compleme nts the we ll-preserved leaves a nd bracts re­
ported by We hr (see references c ited in other a rti c les, this is­
s ue) l'rom the fossi l beds at Republic. 

Our interpretation of the poor preservation of microspores 
from Republic is that corros ion and abrasion of pollen a nd 
spores, perhaps in tran sport by surface runoff int o the Eocene 
lake, occurred before depos itio n, no t after. This conc lusio n is 
based o n the co ns is te nt ly poor preser vati on o r all the con­
tai ned organic matter. Add itionally, the lake may have been 
s ha llow enough so that wave action of oxygen -rich water 
could have degraded the pollen , and cons iderable movement 
of the sediment may have abraded it. Because Pinaccac polle n 
typically is more s turd y than most angiosperm pollen types. 
o ur results may be a case of d ifferential preservation bv whic h 
the more fragile ang iosperm po lle n is highl y degraded. 
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Natural Resources 
Teachers Workshop 

The North west Natural Resources Institute (NNRT) will 
ho ld it s fo urth a nnua l teachers workshop from July 29 
through August 2 o n the campus of Eastern W ashino ton 
Uni ve rsi ty (EWU) in Cheney. The five-day cours; for 
K- 12 teachers wil l cover topics in the science behind the 
ma n age ment of o ur region ' s natu ral resources: wate r/ 
power , t imbe r , ag ri c ulture, and m ining. The workshop 
w ill include lo urs and grade-appropriate 'hand s-o n ' 
leaching a ids, as we ll as lesson-plan ideas fo r 'makino 
bread in a bag' a nd · how to make your own pa per'. 

0 

The $75 registrat ion fee inc ludes lunch and an evenin o 
barbec ue for teachers a nd the ir fami lies. Two EWU un~ 
derg raduate credits o r one Unive rs ity of Idaho orad uate 
credi t will be available alo ng with ESD 10 I c lock hours. 
Credi t fees are the respons ibility of the parti c ipant. 

For more in fo rm atio n, contact S hane Phil l ips at the 
NNR1, PO Box 2 147, Spokane, WA 9920 1, (506) 459-
4121. 



A Checklist of Fossil Insects from Republic, Washington 
Wesley C. Wehr 
Thomas Burke Memorial Washington State Museum 
University of Washington, Seattle, WA 98195 

I n 1992. Standley E. Lew is published an illustrated article 
and checkli st of insects found in the Republic lakebed de­

posi ts. Additional finds and identificati ons allow us lo update 
that list here (Tahle I ) . 

Conrad C . L abandeira of the National Museum of Natural 
History in Washington, DC, i s currentl y study ing Repub l ic 
fossil pl ant/insect interactions as recorded by many distincti ve 
types of insec t damage displ ayed on the fossil leaves and other 
plant remains. These trace foss i l s have added several inse<.:t 
famili es to the Republic fauna, especially among the L epidop­
tera (butterflies, mo ths). 

Table 1. Middle Eocene fossil insects of Republic, Washington 

Uemiptera (bu gs) 

Lisa L. Barksdale 
Stonerose Interpretive Center 
Republic, WA 99 166 

f or the i nsect identifications, we thank Standley L ewis (St. 
C l oud Univ.), David Grimaldi (American Museum of N atural 
History ), Conrad C. Labandeira and John D. Oswald (Nat ional 
Museum of Natural History) , Rod Crawford and Dennis Paul­
son (U ni v . o f W as hing t o n . Burke Mu seum), and Shei l a 
Douglas ( Uni v. o f Alberta). 
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Ephcmeroptcra ( may flies) 
Hcplageniidae (s trea m mayfli es) 

Odonata (dragonflies and da mselflies) 
Lc~t1dae 
:v1cgapodagrio n idae 

Core idae? (leaf-foole d bugs) 
l'cn1a to midac (st ink bugs ) 
Corix idae (water boatme n ) 
Anlhocori<lac ? (minute p irate bu gs) 

Cc: rarnbyc idac (lon g-ho rne c.J bee Ii i;~) 
C urculionidac (snout beet les) 
Chrysome lidae (leaf beetles) 

Trichoptcra (caddi s fl ies) 
Phrygancii.lac (la rge cadc.J is flics) 
Limn ep hilidae (northe rn caddisflies) :-Vlcgapodag rio nidac o r Plalyrncrn id ic.J ac 

Euphacic.Jae 

Blattoidea (cockroac hes) 
Bla11i c.Jac (coc kroa<.:hcs) 

Orlhoptera (c rickcls and grasshopper~) 
Acr iclidae (sho rt-ho rned g rass ho pper, 

lsoptera (1erm11 es) 
famil y un known 

Dermaptcra (earwigs) 
Forficulidac (earw igs) 

P~ocoptcra (buuklicc and barklicc) 
fa mi ly unknown 

Homoptcra ( ho ppers and a ph ids ) 
Ccrcopidac ( frog hoppers and s p ittlebugs) 
Aphii.lidac (aphids) 
f'la1idac ( fl a tid plantho ppers ) 
Fulgorii.lae (p lan! hoppers) 

:'llcuroptcra (lacew ings ) 
I lemerobiidae (brown lacewings) 
Osmylidae 
C hryso p1<1 ac (g reen lacew ings) 

Raphidioptcra (snakcflics ) 
fa mily unkno wn 

Co leoptera (beetles) 
Cara bidae (grouni.l bectks) 
Lucaniciae (s ta g beetles ) 

Lepidoptcra (moths and buuerflies) 
Arctiid ae (tiger moths) 

Diptera (flies) 
fip ulidae (crane fli es) 
B ibionidae (m arch fli es) 

Plecia ,p. 
Mycetophilidae (fungus gnats) 

Uymenoptera (sawflies. wasps. ants . and bees ) 
Braconidae (braco n id wasp~) 
lchne umonidae (ic hne umonid wasps) 
S phecidae (sphecid wasps) 
Mcgac hilidae ( leaf-cull ing bees) 
Fo rmicidae (ants) 

An extinct species of march fly (Plecia) , about x3.5 (Photo by Lisa 
Barksdale) 

Tiger moth from Republic, the earliest record of the family Arctiidae. 
Body length ca. 2 cm. UWBM 66000A, loc. 82737. (Photo by Paul 
Schwartz.) 
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Eocene foss il f ishes were discovered in the Rt:publi c area by 
.l . B. Umpleby during the course of geo logica l surveys 

earl y in the century (U mpleby, 1910). Umpleby's specime ns 
were sent to the U .S . Natio nal Must:um and identified by East ­
ma n ( 191 7) as be lo nging to the genu s l\myzon (Family Ca­
tustomidac) in a s pecies named by E. D . Cope ( 1893) on fos ­
s il s fr om the Similkameen River a rea of British Col umbia . 
Another geo logist, R . C. Pearson of the U.S. Geo logical Sur­
vey, di scovered foss ils near Toroda Cn:ek in the 1960s. Fossi l 
fi sh expert D. Dunkle (as quoted in Pearson, 1967) thought 
they were re lated to s pec ies known from the Green River Fo r­
mation of W yo ming. Work by geo logists abo ut the same time 
also cleared up confusion surround ing t he age of the foss il s, 
assig ning the m to the midd le Eocene using radiometric dati ng 
methods . A third early discovery was made by Republi c youth 
R. W ood ruff, who co llec ted foss il fish near the Tom Thumb 
mine as a hobby ; some o f hi s find s were later given to me for 
the Universi ty o f A lbe rta. a nd new co llet:tions we re made 
whe n l vis ited Republic in 1977 and 1978. All o f these dic;cov­
eries form ed the basis fo r our earl y know ledge of Republic 
foss i I fishes. 

At least five species of fi sh lived in the Eocene la kes of the 
Republic area. Though all of them wo uld appear mode rn if we 
could see them a li ve. a ll fi ve spec ies are exti nt:t-four re pre­
sent exti nct genera, and one belongs 10 an ex tinct fami ly. 

The least we ll known is a spec ies of Amia (Family Ami­
idae , an anc ient group whose on ly li ving spec ies is the bowfin) 
us ua ll y represented o nl y by its scales. Fish ca n lose sca les a nd 
tht: n grow rep lacements , so the presence of isolated sca les 
does no t necessaril y imply that the 
fis h had died. Eve n rep lace ment 
sca les can sometimes be fo und as 
foss il s. Judging by the s ize of the 
Amia sca les, these fish could have 
reached 30 c m or more in length . In 
t he Prince to n area of Brit is h Co­
lumbia, a more complete s pecimen 
has been found and the spec ies 
Amia hesperia Wil so n ( 1982) 
na me d . finding pl e ntiful amiid 
scales usually means t hat the e n­
c los ing sedime nts were depos ited 
in s hallow, ofte n weedy water. be­
cause amiids us uall y prefer s uch 
habitats. 

public yo uth who fo und several specimens. A differenl spe­
cies , Euhiodon rosei, is much more abundant in British Co­
lumbia, but both s pecies occur together at Horsefly . BC. Males 
of bo th Hiodon and Euhiuclun , when they become (or became) 
reproductively mature, develop thi c kened ana l fin rays that 
ca n he recogni zed in foss il s. Th e Eocene hi o d o ntid s a rc 
s ma ller th a n ei ther living s pecies, grow ing to about 15 cm 
long. The c losest relatives of hiodontids occur in Cretaceous 
roc ks o f China, but none o f the Chi nese spec ies is known to 
have sex ually dimorphic a na l fin s (Wil so n a nd William s, 
1992). 

T he s uc kers , Family Catostomidae, are today a prominent 
part of the North American fauna ; in the Eocene they had no 
competition from minn ows and are very common fossils in 
Eoce ne lakebeds. Republi c' fos s il s uc ker, known from whole 
skeleto ns as well as separate bones and sca les, is now identi ­
fied with th e s pec ies Amyzon aggrega t11 111 Wil so n ( 1977). 
wh ich is a lso com mon in Eocene deposits of British Col um bia 
and is known to reac h more than 20 cm in length . 

Perhaps the most s ig nifi cant of Republic·s Eocene fi sh is 
Eosa/1110 driftwooden sis Wil son ( 1977) (F ig . I ) . first named 
on s pecimens from British C o lumbia. The o ldes t fossi l mem­
ber o f th e fa mil y Salmonidae (sa lmo n and its rel a tives), 
Eosalmu has features intermediare between those of subfamily 
Salmoninae (sal mon, trout, charr) and those of s ubfamil y Thy­
mallinae (gray ling), indicating that salmon evolved fro m an­
ces tors wi th gray lin g- like features (Wil son and Williams, 
1992). Thoug h s mall as we ll as larger indiv iduals of most Re­
pu blic ~pL:e ics are commo nly fou nd, a lmost al l Eosa/mo speci -

The family Hiodontidae is a n­
othe r o ld group ; thi s one has two 
li ving s pecies, m ooneye and 
goldeye, both in the genus Hiodon, 
that s peciali ze in eating insects . The 
Republic hiodontid is in an extinct 
genus a nd is call ed Euhiudon wood­
ruffi Wil son ( 1978) , a ft er the Re-

Figure 1 . A specimen of Eosalmo driftwoodensis, the Eocene salmonid known from Republic fossil 
beds and similar deposits in British Columbia. This specimen is in the Miguasha Natural History Mu­
seum, Quebec. Note centimeter ruler for scale. (Photo courtesy of the Royal Tyrrell Museum of Pa­
laeontology.) 
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me ns are full-grown; perhaps the young s pe nt most of th eir 
time in nearby streams . Eosalmo has very modern tail , body. 
and sca les but more primitive s kull and jaws, sugges ting th a t 
advanced features of modern sa lmon ids' body and tail evolved 
long ago, while changes in th e ir heads happened more re­
cen tl y . The presence of both large and smal l s pecimens o f 
Eosalmo found together at some local ities in Britis h Columbia 
also seems to confi rm the idea that primitive salrnonids spent 
their whole lives in fresh water (like many mode rn trout), 
while the habit of running to the sea and returnin~ to spawn. 
best develope<l in today's Pacific salmon, evolved later (Stear­
ley, 1993). 

The final spec ies is Libotonius pearsoni Wil son ( 1979) , 
fir s t recogn ized in rocks near Toro<la Creek a nd named after 
geologist Pearson. Distantly related to the modern trout-perch 
family Percopsidae but c lass if ied in the extinct family Li­
botoniidae, individual s or L. pear:wni we re s mall fish, reach­
ing on ly about 5 cm long, with small fin sp ines and flatten ed 
heads. The related L. blakeburnensis occun; near Princeton, 
BC. Like amiids, abundant libotoniids seem to indicate depo­
si tion in s hallow water. 

Overall, Republic's foss il fishes are most c losel y related 
and comparable in divers ity to Eocene fishes from British Co­
lumbia. They also have much in common with Eocene l'i ~hes 
from Montana (Ki s henehn Formation; Consrenius and o thers , 
1989), Colorado (Fl o ri ssant Formation; Evanoff, 1994). and 
Wyoming (Green River Fo rm a ti on; Grande, 1984) altho ugh 
th e Green River faun a is an ortl e r o f mag nitude more diverse . 

T he number of spec ies in any one lake i~ correlated with 
age and s ize of the lake and its drainage basin (Smith a nd o th­
ers, 1988). On thi s and o the r evi dence , we believe that the Eo­
cene fi sh beds in Colo rado. M ontana , Washing ton. and Briti sh 
Col umbia were de pos ited in rel a ti vel y s ma l I bas ins as com­
pared with th e Green River Formation. Ho we ve r, the large 
proporti on of Republic 's spec ies and genera s hared with these 
other depos its sugges ts that the drainage b as ins might have 
been connected by river sys te ms. 

At some loca lities (such as the roatlcut in the cente r of the 
town of Republi c), most specimens consist of di sarti culated 
s kel e tons, bones. and sca les, s uggestive of sha ll ow. warmer, 
and nearshorc co nditions. At othe r localities (such as some 
s ites near the Tom Thumb mine). most 
of the specimens are complete ske le­
ton s, s uggestive of depo s ition in 
deeper, cooler, offshore, and poss ibly 
anaerobic water. 
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Introduction 
T he Okanogan H ighlands conta in a middle Eocene fossi l b io ta 
of aston ishing d iversi ty. Alo ng wi th those at Messel in Ger­
ma ny a nd in the Gree n Rive r Formati o n o f western No rth 
A merica, th i fossi l bi o ta is am o ng th e mos t in fo rma ti ve 
sources we have o n Eocene l ife. The Republic local iti es con­
ta in o ne of the mos t diverse Eocene leaf compression floras in 
the wor ld, as we ll as an intrig ui ng array o f insects and fis h. 
Because these fossi ls fa ith fu ll y preser ve suc h de licate leaf 
struc tures lls hi gher o rde r venation a nd tooth morpho logy, 
they doc ume nt the complex E ocene di vers ification that oc­
c urred in such fa milies as the R osaceae. Leaf foss il s at Repub­
lic also show c haracteri sti c patterns o f insect or funga l da mage 
that de monstrate ev ide nce for interactio ns tha t occurred o n the 
pla nt urfaces. 

A second import ant Eocene pl ant assemblage of a di ffere nt 
type in the O ka nogan Hig hlands is fo und in the Pri nceto n c he rt 
of southern British Columbia. In contrast to the compressed 
fl ora of Rep ublic and the essentia ll y coeval leaf floras of B rit­
ish Col umbia a t Princeton, Quilchena. McAbee, and Drift ­
wood Cn:ek at Sm ithers. p lan t and fu ngal remains from the 
chert are three-d imens ional ly preserved. Th is preservation a l­
lows us to compare the internal cellul ar s tructure of frui ts, 
seeds, fl owers, s te ms, a nd leaves o f vascu lar plan ts a nd the 
mo rpho logy of fungi with both other fossi l and modern forms. 
Wh ile stud ies o f the chert contri bute sign ificantl y to the record 
of the di cotyled ons ( fo r e xample, the rose a nd grape fa milies), 
they al so provide some of the onl y records o f Eocene fu ng i and 
monoco ts (p la nts such as palms and li li es) for t he Okanogan 
Highlands . 

M any o f the Princeton chert pl a nts are c urrentl y kno wn 
from o nl y one organ, suc h as seeds, but o thers are represe nted 
by a collect io n o f pl a nt ' parts ' . Fo r exampl e, the taxodiaceous 
conifer Metasequo ia mil/eri (related to modern dawn redwood 
and bald cypress) is recogni zed from seed and po llen cones. 
ste ms, roots, leaves, po llen, and seed s (I3 as inger, 197 6a, 198 1, 
1984; Bas inger and Ro th well , 1977; Rothwell and Basi nger , 
1979). Inte rconnected s te ms, leaves, roots, a nd buds are all 
known fo r the semi aquati c c.li cot Eorhiza (Robison and Pe rson, 
1973; Stockey and Pi gg, 1994). Several monocoU:i, inc lud ing 
palms, rushes and sedges, a nd members of the lil y fa mil y (for 
exampl e, Uhlia, Ethe /a, and Soleredera [Erwin and Stockey 
1991 , 1992, 1994]) are a lso known fro m interconnected s te m, 
root, and petio lar re mains. 

The anato mical s tructu re of cones and fl owers pro vides de­
ta iled informat ion about the evolutio nary re lati o ns hips of Eo­
cene plants. M any of the fl owers and cones conta in their origi­
na l po lle n grains, whic h fu rt her aid in identif ication. Leaf a nd 
stem an ato my is importa nt fo r classificatio n , especia ll y in 
mo nocots (Tomli nso n, 19 61 ; M etcalfe , 197 1 ) . E ve n w he n 
these plants' reproductive structures are unk nown, they can be 
identi fied by their leaf and ste m s tructures. W ood fro m twigs 
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a nd ste rns fo und in the chert provides other impo rtant data fo r 
c lassificat ion a nd ecologica l inte rpretati on. 

In thi s arti c le, we explore how pla nt and fun gal foss il re­
mains from the Princeto n chert re late to those fro m the Repu b­
lic localities and how together they provide a de ta iled vie w o f 
the h igh divers ity and complex interactio ns of the m iddle Eo­
cene pla nt a nd fu nga l bi ota of the region. 

The Princeton Chert 

T he chert locali ty is exposed on the east bank o f the Simil ­
kameen Ri ver near the a bandoned mining tow n of A llenby and 
approx imate ly 8.4 km south o f Princeto n, BC. Forty- nine 
separate c hert layers are interbedded with coal ho rizons, and 
individual layers contain differing pla nt asse m b lages. The 
c he rt is regarded as middle Eocene (50 milli on years old ) on 
the basis of pa ly no logy, foss il ma mmals and fi sh , and potas­
s ium-argon d ating (Cevallos-Fe rri z and others, 1991 ). 

Fossi ls in the c hert are preserved together as a mixture of 
pla nt frag me nts that comprise a sort of foss il izeJ ' compost' . 
T he fossi ls were formed by si li c ification, a process in which 
ground water contain ing a h ig h concentratio n of si I ica (prob­
ably of vokani t: origin) perrnla ted into mats of p la nt materia l 
in various fres hwater lacustr ine and nu vial s ites . T he plant tis­
sues then became supersaturated or ' permineralizec.l ' wi th the 
minera li zed waters, a nd the s i I ica c rysta lli zed , trapping the 
pl a nt cell s in the newly fo rmed roc k matrix. Thi s means of 
preservation thus allows fo r precise study o f cellul ar anatomy 
of the pl ant organs. 

The c hert b locks are slabbed with a rock saw, a nd then in­
dividual plant organs are ide ntifi ed a nd studied by techniques 
that a llow for nume rous c losely spaced seri al sectio ns that can 
be reassembled for th ree-dime ns io nal reconstruc tio n of the or­
gan be ing studied. Thi s process allows studies o f plant st ruc­
ture much like the ·C AT' scan (to mography) used in medicine 
today . Because the pl a nt s are preserved as fr agments, re­
searc hers then attempt to reassemble 'whole pl a nts' by fi nd ing 
interconnections and structural s imil arit ies amo ng the separate 
o rgans . 

T he c hert was firs t collected in the 1960s by R . r. Bone­
ham, who made a pa lynologiea l (po ll e n and spo re) study of 
se veral Eocene bas ins in Briti sh C olumbia. In hi s study of the 
c he rts a nd in terbe dded co al s (B o ne ham ' s ·•1 o c al i ty I") he 
fo und a hi gh percentage of palynomorph remains of fungal ori ­
gin (Bone ha rn , 1968). Bo neha rn gave samples of the chert to 
C hester A. A rno ld, of the Universi ty o f Michigan Museum of 
Pa leon to logy, who recognized de nns taedtio id ferns (forms re­
lated to the modern hay-scen ted a nd bracke n f'e rns) in the ma­
tr ix. 

O ther early descriptions o f plants fro m the Princeton chert 
include those of conifer re mains by Miller (1973) and of the 
semi aquati c dicot Eorh.iza (Robison and Person , 1973). D ur­
ing the 1970s add itio nal studies o f the chert produced descri p­
ti o ns of ste ms, leaves, roots, po lle n, and seed cones of Merase-



quoia milleri (see, for example., Basinger, 1976a) and the 
flower Paleorosa (Bas inger, 1976b). 

Since the early 1980s, Ruth A. Stockey , University of Al ­
berta, and her students and assoc iates have desc ribed numer­
ous species from thi s hi gh diversity flora. To date, 36 plants 
have been recognized from the chert: these include 5 ferns. 6 
conifers, 19 dicots. and 6 monocots , as we ll as 7 types of fungi 
(Cevallos-Ferriz, and others, 1991; Sun and Stuckey, 1991; 
E rwin and Stockey, 1992. 1994; LePage, and others. 1994 , 
1995; Stockey. 1984, 1994; Wehr and Hopkins, 1994; Ceval­
los-Fcrri z. 1995; Hill-Rackette and others, 1995; Phipps and 
others , 1995; Stockcy and Wehr. in press ; Table l ). At least 
nine additional dicot wood types. nine additional monocots . 
and numerous fungi are among the types yet to be described 
(Stockey. unpublished data). 

Fossll Fung I 

The presence of fossil fungi as important components of the 
Princeton che rt was recognized in the earliest study by Bone­
ham ( 1968). He found that more than 80 percent of the pa lyno­
morphs present were assignable lo the fungal s pore genus 
Brachyspo rium and to the a lgal, fun gal. or bryophyte palyno­
morph lnaperrisporires . More recently. fungi have been found 
in severa l hos t plants, including palm leaves. stems of 
Eorhiza, seeds. fruits , and flow e rs of Lythraceae. seeds of 
Nymphaeaceae. flower~ or Alismatidac, a nd a dicot flower of 
uncertain affinity. These fungi represent a diverse assemblage 
that inc ludes forms similar to those of the major groups of 
modern highe r fungi. including the ascomycetes (sac fungi) . 
the basidiomycc tcs (club fun gi). and members of the form di ­
vis ion Fungi Imperfecti. Poss ible ascomycclcs arc represented 
by three forms s imilar Lo the order DothiJea)e!-, , which are 
found on leaves of the fossil palm Uhlia (Erwin and Stockey, 
1994). These fungi are the so-called " tar-spo t" pathogens that 
cause damage to leaves in tropical monocots such as palms and 
screw-pines (Pandanaccac) today (Farr and others, 1989. p. 
834; Cannon. 1991 ; LcPagc and others, 1994 ). 

A second group of fungi found in the chert, the Hyphomy­
cetes (molds in f'ungi Imperfecti), resembles the modern gen­
e ra Altemaria and Cercospora. These molds cause blights, 
fruit and seed rot. a nd leaf spots in a wide variety of modern 
plants. In the chert, fungi of thi s type infec t several types of 
seeds. 

Basidiomycetes are represented by the first known fossil 
s mut fungus. found 111 the anthers of an unnamed flower (Cur­
rah and Stockey, 1991 ). Smuts are fungal agents th a t today 
commonly infect crop plants such as corn and wheal. Presum­
ably they had a s imilar mode of infecting flowers and fruits in 
the Eocene. ,Fossil fungi thus provide information not only 
a bout their taxonom ic diversity but, perhaps more impor­
tantly, about their important ecological role in the Eocene bi­
ota. 

In one study, the se4uence of fungal infection of the tissues 
of the aquatic flower and fruits of Princeronia allenbyensis, a 
dicot of uncertain affin iti es (Stockey, 1987: Stockey and Pigg, 
1991), has heen documented (Hill -Rac kette and others. 1995). 
ln this pathogenic process, septa te hyphae (fungal filaments 
with internal cross walls) invade the external s urfaces of the 
flowers and fruits , penetrate between carpels to the center of 
the fruit, then invade the fruit' s seeds through the ir attachment 
to the fruit axis. Charac teri stics of this fungus show that it is 
s imilar in form and function to the modern coelomycetous fun­
gus Phuma . This s tudy indicates that pathogenic relationships 

were part of the Eocene ecosystem and that these i ntcractions 
may have been as complex as some today. 

More recently. LePage and others ( l 995) have documented 
the first fossi l ev idence of a more beneficial p lant/fungus rela­
tionship shown by the ectomycorrhiza l fungal genus Nhizopo­
go11 (Boletaceae) in Pi11us ro o ts. The colonization of fossil 
pine roots by these fungi resembles mycorrhiLal associations 
of modern pine roots, suggesting that this type of mutuali sm 
and its consequent plant adaptations go back least 50 million 
years. 

Monocot Remains 

While the Republic flora contains only a few remains of the 
monocot genera Smilax (Smilacaceae, green briers) and Typha 
(Typhaceae, ca tta ils) (Wehr and Hopkins. l 994 ). the Princeton 
che rt has at least five families of monocots , inc ludin g vegeta­
tive remain s of Alismataceae. Liliaceae, Ju ncaceae/Cyper­
aceae, and Arecaceae. fruits and seeds of Araceae, and prob­
able floral remains of some group of Alismatidae (Erwin and 
Stockey . 1989. 1991. 1992 , 1994; Cevallos-Ferriz and 
Stockey . 1988b; Cevallos-Ferriz and others. 1991; Stockcy , 
1994; see Table I). These J'oss il~ add greatly to our under­
standing of Eocene monocol evolution by providing anatom i­
ca ll y preserved examples of families that are otherwise poorly 
known for that time. 

The family Alismataccae. which inc ludes many aquati c 
and mars h plants such as Sagittaria (arrowhead), is repre­
sen ted in the chert by petioles of the genus f-l e leophyro11 helo­
hiaenides (Erwin an d Stockey, 1989). Liliaceae, the lily fam ­
il y, is also present, as evi denced by stems and a ttached leaves 
and roots of Suleredera rhizumurpha (Erwin and Stockey, 
1991 ). The fam i I ies J uncaceae a nd Cyperaceae, which include 
the rus hes and sedges, res pectively, are difficult to distingu is h 
from one another on the bas is of vegetative remai ns. Ethe la 
sarga111ia11a, a plant known from stems, attached leaves. and 
roots. probably represents one of th ese two families (Erwin 
a nd Stockcy. 1992). 

The Arecaceae, or palm family , has an extensive fossil re­
co rd . Palms are represented in the Princeto n chert by Uhlia 
allenhye11sis (Erwin and Stockey 1991, 1994). Stems. attached 
peti oles and roots, mid-ribs. and laminae h ave been founJ. 
These were coryph oid (or fan) palms and indicate a subtropi­
cal c limate for the middle Eocene at this s ite . 

Al though most of the monocot rema ins in th e c he rt are 
vegetative , fr uit s and seed s with e mbry os are know n for 
Knatusperma allenbyensis (Araccae) (Cevallos-Ferriz and 
Stuckey 1988b). These curved embryos show shoot and root 
apices, as well as one large coty ledon. Among the Princeton 
fossi ls are the oldest known seeds of th e subfami ly Lasioideae. 
tr ibe Lasieae. of the large and di ve rs e fami ly Araccac, which 
inc ludes s kunk cabbage, arum lily, and jack-in-the-pulpi t. 

Flowers that contain the smut fungus discussed above have 
been compared with the aquatic monocot fam il ies in the order 
Najada les. These flowers share a su ite of features with several 
fam i I ies Inc I ud i ng the Aponogetonaceae, Scheuch zcriaceae. 
Potamogetonaceae, and J uncagi naceae. 

Comparison of Princeton Chert 
and Republlc Floras 

Part of the value of the Princeton chert is that it independently 
confirms th e presence in the Eocene Okanogan Highlands of 
fami lies known from the Republic leaf flo ra. Several impor­
tant fam ilies that were undergoi ng sign ificant Eocene diversi-
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Table 1. Plants from the Princeton chert , British Columbia 

Taxon 

Osmundaceae 
cf. O.w111r1d<1 

Polypodiaceac 
De1111.1111er/1iop.1,s <1ere11c:hy11w/<1 

Dryopteridaceae 
D ipllmum 11. , p. 

Onocleoid fern 

Blechnaceae 
Blechnoid fern 

Pinaccac 

Some modern relatives 

Cin namon fern. roya l fern. 
inte rrupted fe rn 

Hay-scented and 
hrackcn fe rns 

Glade fe rn 

Se nsitive fern 

Swamp fern 

Pi11t1s a11der.w11 i i Pines 
Pinus amold/1 Pines 
l'111 t1s pnncew11ensi.1· Pines 
Pi11us .1i111ilkamee11e11.1is Pines 
Pi11us sp. Pines 

Taxodiaccac 
M ew seq11oia milleri Bald cypress. redwood, 

dawn redwood 

Magnoliaccac 
l .1riode11drnxylon prir1cetone11sis Tulip tree, magnolias 

Lauraccac 
New taxon 

Nymphacaccac 
Allenbya rnlli11.rn11ue 

G rossulariaccac 
Ribe.t 

~o accac 
Pa/eom.<a si111ilku111ee11e11sis 
Pr1111u.1· al/e11bye11sis 
Prn1111.1 sp Type I 
Pru11u.,· ~p . T ype 2 
l'ru11 11s sp . Type 3 

Lythraceae 
Decoc/011 11/le11bye11sis 
cf. /,ytil/'t/111 

Vitaccac 
A111p1,tociss11s similkt1 111u 11 e11sis 
Seed type I 
Seed type 2 

Sapindaceae 
We/involjea striata 

Myrtaceae 
Paleomyrri,wea 1iri11cetor1e11si.> 

Cornaccac 
M as1i.xicurpt1m 

Dicotyledon 
Eorhiza amoldii 

f' r i11 cn()11it1 11 /le11 /Jye 11si s 

Alismatidae 
New laxuu 
H eleophyw11 he/()b iae11ides 

Arccaceae 
Ulilia a/le11 /Jye11s is 

Araceae 
Keraw.,perma u/le11bye 11.<i.< 

J uncaceae/Cyperaceae 
Ethela .11iri:w11iarw 

Liliaccac 
Soleredem rhiz()morplw 

Sassafras , laure l, bay 

Water lilies 

Gooseberries , c urrant, 

Rose tnmi ly 
Cherries. apricots. pl ums 
Cherries, apricots. plums 
Cherries, apricots, plums 
C herrie,, apricots. plums 

Swamp looses tri fe 
Purple looseslrife 

Grape fami ly 
Grape family 
Grape family 

Soapber ry fa mily 

Guava, 

Dogwood fa mil y 

Unknown 

Unkno wn 

Unknown 
Arrowhcacl 

Fan pa lms 

Arum lily, skunk cabbage 

Sedges and rushes 

Lil y fa mily 
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Parts known 

Rach is 

Rhizomes. fronds, 
sporangia, spores 

Rhizomes, fronds, 
sporangia, spores 

Rhi w mcs with attached 
frond bases 

Rhi w mes wi th au ached 
frond bases 

Leave 
Ovulate cones 
Ovulate cones 
Leaves. twigs 
Polle n cone 

Ovul ate cones. pol len 
cones, ste ms. leaves, roots 

Woody twigs 

lnn orescences. fruit s. twigs. 
leaves 

Fruit. seeds 

Fruits . seeds 

Flowers, pollen. ?cmhryo 
Woody twigs 
Fruits 
Fruits 
Fruits 

Fruits, , c eds 
Fruit. seeds 

Seed, 
Seeds 
Seeds 

Flower, , pollen 

Fruit s, seed s 

Fruit s, seed 

Stem. arrached roots, axillary 
branches. leaves 

Inno resccn ces, n owcr, , fruits. 
seeds. pollen 

Flowers 
Petio le 

Stems. attached petio les 
and roo ts, midribs, la111 inae 

Fruits, seeds, embryos 

Stems. attached leaves and roo ts 

Stcms, attached lea ves and roots 
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ficati on have stron g records in both the leaf a nd c hert lloras, 
for example, the Rosaceae a nd Sapindaceae. While the Repub­
lic flora doc uments the diversification of mo re th a n 50 leaf 
types representing all four s ubfamil ies of R osaceae (Wehr and 
Hopkins, 1994: Wehr. 1995), the Princeto n c he rt provides fio­
ral , fruit. and wood evidence of severa l me mbers o f thi s fam­

il y . 
Paleorosa si111 ilkam eenens is is the ol d es t fl ower of the 

R osaceae ( B as in ge r , 1976b ; Ceva ll os- fe rri z and o thers , 
1993). T hi s petrified flow e r co nta in s the o ldest known 
rosaceous po llen, wh ic h is ex tre mely rare. The flowe r has fea ­
tures that place it in the presumably most primiti ve subfamily 
of the Rosaceae, the Spiroideae, but it a lso has som e features 
of the s ubfami ly M a lo ideae, w hich inc ludes th e app les. pears, 
and qui nce . A third s ubfamily of R osaceae. the Prunoideae, 
includes the s tone-fru i Ls s uc h as c herry. a pricot , and peac h. 
T h is subfam ily is re presented in th e chert by b o th foss il ized 
Prunus wood and foss il e ndocarps o r ' s tones · s imilar to those 
of modern fru its of this gen us (Cevallos-F erriz a nd Stockey, 
1990b, 1991). 

The Sapindaceac (or soapberry fam il y). k nown in the Re ­
public leaf record , is represented in the Princeton chert by th e 
flowe r Weh rwolfea stria ra (Erwin and Stockey, 1990) . Flow­
e rs at two d e ve lopmenta l s tages with pollen present have been 
dcsc ri bed a nd are mos t si milar to those of the tribe D odoneeae , 
believed to be a p rimiti ve group in th e family Sapinclaceae. A 
third impo rtant family at Republic, th e Grossul a riaceae, which 
inc ludes the goosebe rries and wi ld currants, may a lso be rep­
resented in the chert by fruit s a nd seeds of Ribes (Ceval los­
Ferri z, 1995). These remai ns are being s tudied at the present 
time. 

Other dicot fami lies with perhaps less ex te nsive b ut s till 
s ig nificant record s a re th e Magno l iaceae , Lauraceae, Nym­
phae aceae, Ly t hraceae, Myrtaceae. and Y itaceae (Ceval los­
Ferr iz an d S tockey, 198 8 a , 1989, 1990a, 1990c; Sun a nd 
S tuc key. 199 1; Pigg and others , 1993; W e hr a nd H opkin s. 
1994 ). For example. Lcntati vc dctcrmi nat io ns of the ge ne ra D e­
co doll and Prullus from the leaf record were strengthene d b y 
1h e prese nce of a n a tomic ally preserved seed s and fruit s of 
these taxa fro m th e chert (Stockey and Wehr, in press ). 

Pl a nt fossi ls from Republi c, Princeto n, a nd othe r loca lities 
o f the Okanogan Hi gh lands , as we ll as insec t , fi sh , a nd other 
a nimal re m a ins and fungi , give a b e tte r vie w of a past biota 
than is possi ble from one source a lone. As m o re is learned 
from each source, a n increasing ly detai led unders tanding w i 11 
e merge fo r the middle Eocene wo rld o f northwestern North 
Ame rica. 
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Introduction 

Many o f us who were s tudent s o f pa leobotan y during the mid­
l 980s v ividl y recall t he appearance in 1987 o f W o lfe a nd 
Wehr· s pa rtial mo nograph of the middle Eocene Republi c 
flora. At Re public, temperate plants ( inc luding pine, spruct: , 
fir , goosebe rry , blac khe rry, ha wtho rn . maple , linJen , and 
many o the rs) co-occ urred with cx. tint:l me mbe rs o f pla nt fa mi -
1 ies now lim iteJ to the tropics (s uc h as Ba rghoomia in t he 
Burseaceae o r torch wood family ). confirming that Eocene for­
ests were compos iti o na lly unlike an y kn o wn tod ay. 

The Republic fl o ra is a lso inte res ting because , des pite the 
almost 50 mil lio n years s ince it g rew, man y li ving temperate 
genera were present. P re viously it had been tho ught that the 
te mpera te (o r microthermal) famili es, whi c h re present nu­
meri cal and taxonomi c dominants in mode rn mid-latitude fo r­
ests, divers ifi ed primarily in re po nse to c limate coo ling dur­
in g o r after the O l igocene (33-24 millio n years ago). Th at 
di verse forms in some o f these fam ilies grew at Republic dur­
ing tht: warmest in terval of the Terti ary came as a surpri se. 

Wolfe ( 1972 , 19 77) had lo ng s ug gested that ··upl a nds" o f 
the Paci fi e Northwest were refuges for m icro lhe rmal groups 
exc luded fro m the "l owla nds" du ring the Eocene Warm Peri od 
(roug hly 57.5-4 8 millio n years ago). 

Re public provides the bes t ev ide nce to date that thi s was 
indeed the case and that some of these g roups unde rwent dra­
mati c di ve rs ifi cati o n in the mois t up land fores ts . Wh e re, 
w he n, why. a nd parti c ul arl y how the~e lineages di vers ifi ed so 
read ily and appare ntl y so rapidl y re main some o f the most in­
triguing ques tions in pal eobotan y. 

An unde rs tanding of the inte raction amo ng geo log ic al /geo­
mo rph o log ic al processes, c lim a te , a nd evo luti o nary c o n­
straints a nd ad vantages of the plant lineages g rowing at the 
time may he lp ans we r these ques tions . Ho we ver, sci e ntists 
have a much better unJc rstanding o f the bi o logy of plants and 
o f the pattern of c limate cha nge du ring the T ertiary than they 
Jo o f the geo lo gic al a nd geo morphi c processes that s hape 
Earth 's landscape. A real need exis ts for de ta il ed microstrati ­
g raphi c/sedimento log ica l a nd taphonomic analy si s of pa­
leofl o ras in order to understand the m in the context o f land­
scape-l evel phys ical processes a nd reg io na l sett ings. Ma ny 
pa leo- bota nical publications vastl y oversi mpli fy the phys ical 
landscape even at the la rgest and mos t fundame ntal sca le . 

For example, e ve n the term ' upland ', as used in the pa­
leobotanica l lite rature . i~ somewhat vague because it ig no res 
the processes by whic h topographic features form and c hange 
through time. When, as paleobota ni s ts, we think of upl a nds , 
we very likely en v is ion mountains, and it is likely that we 
think of these mounta ins as essenti ally stati c geomorphic fea­
tures ove r s ig nificant periods of geologic time. 

Pa leofl oras are, o f course , no t preserved on mounta ins , but 
in much lower elevati o n depos iti o nal bas ins, which are com­
monly associated with mountains. The paleobotanical reco rd 
is a direct conseque nce of geolog ical processes that control the 
sedimento logy and stratig raph y o f bas in fi ll . M o untains a re 

dynamic features that form and c hange quickly in geo log ical 
time, ultimately erode . and are no t preserved in the record, a l­
though they have a profound impac t on the s urround ing e nv i­
ronme nt whil e they exis t. These impacts-o n to pography, on 
local c limate , and on site eco logy both in the mo untains them­
se lves and in the bas ins surrounding them-arc primary con­
trols o n regio nal vegetation. 

One majo r result of the mo un tai n-basi n rel at ionship is that 
vegetati on presumed to have been growing a t high e levatio n 
rarel y makes it into the foss il record. Any unde rstanding of 
wha t ancient hi g h-e le vation ve ge tati o n reall y looked like 
s ho uld be cons ide red s pec ul ati ve a t bes t. However. paleo­
fl oras fro m certai n types of ba:. ins associated with vo lcanic 
mo untain cha ins of con vergent contine ntal marg in s. inc luding 
the Re public fl o rn, may fit into the rare category of true ' up­
la nd ' floras. S o me pa leofl o ras of compa ra ble age poss ibl y 
g rew at higher ele vations than Re publ ic , but it is at Republic 
that we see the most d ramati c e xpress ion of m iddle Eocene 
temperate forest ri chness. 

The Interior Arc and Its Vegetation 

Volcanic arcs a re mo untain c hains of composi te s tratovolca­
noes (Cascade- ty pe vo lc anoes), wh ich are p roduced by the 
melting of subducted oceanic crust at conve rgent (subJuction) 
c.:ontine ntal ma rg in s. All upl a nd midd le Eocene pa leofloras 
fro m weste rn No rth America, inc lud ing Re public , occur in ba­
sins associated with what is often call ed the Eocene interi o r 
Arc. Th is arc ex te nded fro m central Bri tish Co lumbia, south 
throug h eas tern Washington ( lhe Repu b li c grabc n), Idaho (the 
Challi s G roup). and wes te rn M ontana and W yo ming (the Ab­
saroka Group), a nd ended in northern Utah- essent ia ll y the 
region s li ghtl y west o rthe mode rn Northe rn Rocky M ountains 
Province. lt was the dominant topographic feature in north ­
weste rn North Americ a betwee n about 50 million and about 40 
millio n years ago, whe n arc mag mati s m s hifteJ wes tward to 
fo rm the Western Cascade arc . 

Beca use o f the ir inte rmediate mag mati c c o mpos ition and 
their c ha rac teri stic modes of e ruption , stratoconcs Lend to be 
large features that can fo rm qu ickl y (i n tens to hundreds o f 
years) and erode rapidl y. B asi ns assoc ia ted with arcs typically 
host outstandi ng fossi l plant assemblages because they expe­
rience rapid rates of subs ide nce whil e s imultaneo us ly recei v­
ing mass ive fint: sediment input from volcanic sources directly 
associated with them . Furthermore, arc bas ins for m within and 
directly adjacent to the arc ed ifices, thus producing the un­
us ual circum s tances o f depo siti o na l bas in s assoc iated wiLh 
mountains . The result is a setting optimal for the preservation 
of de li c ate pl a nt material and one that po tentiall y inc ludes 
vegeta ti o n fro m true upland habita ts. 

What did the Eocene Inte ri o r Arc look like? S ome of the 
middle E ocene arc vo lc anic centers, like the Ahsaro ka v0l­
canic province, inc luded ve ry large and poss ibly lo ng-lived 
compos ite s tratocones with moderate-e le vation inte rvening 
bas in s. O ther centers, like the C larno vo lca nic fi e ld in central 
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Oregon , cons is ted of smaller, short- Ii ved cones on a low-I yi ng 
landscape (White and Robinson, 1992). The Republic flora 
was depos ited within a g raben associated with active vo lca­
noes , which were possi bly s imilar to those of the Clarno field . 

In general , most arc settings consist of volcanic edifices 
w ith summits on the order of 500 to 1,000 meters above the 
surro unding la ndscape. In this respect , the volcanoes resemble 
higher eleva tion 'is lands' in a lower elevation 'sea '. lf the re­
gional landscape has heen tectonicall y uplifted , the interven­
ing 'sea' may li e several tho usand me ters above actual sea 
level, a lthough mos t arc at only a few hundred meters in e le­
vation. T he Republi c graben probably lay between 800 and 
1,500 me ters du ring the middle Eocene , which is relative ly 
high for an arc bas in . 

Only recenlly have scientists begun to understand the sedi­
mentary record of arc-assoc iated bas ins (for example, Smith, 
199 1) . It is in the sedimentary record of the arc basins that 
paleobotanists must look for evidence about the environment 
in whic h arc vegetation g rew and how the environment a nd the 
vegetation that inhabited it changed through time. The arc ba­
s in sedimentary sequence is shaped by two primary variables: 
( I ) the s ize , vo lume, construct ion , and pers is tence through 
time of the vo lcanic sediment source, w hic h determines the 
magnitude, periodic ity , and s tyl e of vo lcanic sedimentati o n in 
the basins; and (2) the subsidence history or the basin and the 
distance between the bas in and the volcanogenic sediment 
source , whic h determines whic h portion of the available sedi­
ment is actuall y preserved. Of course, plant debris incorpo­
rated into the sed iment delivery sys tem represents a part of the 
'sediment' depos ited in the basins . The interpretation of where 
and when the bas in fill origi nated with respect to the volcanic 
sediment source largely determines what in formation can po­
te nti a lly be ohtained from the plant debri s e nc losed wi thin it. 
Such work is the province of volt:aniclastic sed imentol ogis ts 
and stratig raphers , along w ith plant paleotaphonomists. 

While not always the case, the paleobotanical record o f 
many arc basins is ofte n s kewed toward vegetation growing 
during eruptive epochs (i ntervals of he ightened volcanic acti v­
ity wh ic h may last as long as a few thousand years) and to 
specific hori zo ns deposited just prior to, during , or immedi­
ately a fter indi v idual e ruptions. This is simply becau se the 
processes by whic h sedime nt is trans ported and depos ited are 
more favo rable for plant preservation during eruptive periods 
than her.ween them and because the sedimentary pile of many 
arc bas ins is dominated b y mass ive amounts of minimally re­
worked debris stripped from the volt:ano flan ks wi thin a few 
decades to , al most, a hund red or so years after eruptions. 

In a rc basins relatively far from the volcanic sediment 
source (such as the Green River Bas in , Utah , o r the Republic 
graben) thi s material is of fi ne grain s izes and depos ited over 
many years. In contrast, basins very close to the volcanoes are 
dominated by coarser, more rapidly deposited debris (for ex­
ample, the Eocene Copper Basin in Nevada [Axelrod , 1966] 
and the Germer flora o f Idaho [Ede lman, I 975]) . 

While habitats near ven ts experie nce fr equent and pro­
found devas tation from eruptions, more di s tant habitats are 
minimally di sturbed except in the very largest eruptions. The 
net effect is to produce a foss il record that is punctuated in 
time and hi ghly variable over di stances on the order of a few 
kilometers . Thi s heterogeneity refl ects both variab ili ty 111 the 
li ving vegetational matrix and variability in the processes by 
wh ich plant debri s ente rs the sed imentary record . 

Unless the elevational the rmal gradient has changed radi­
call y si nce the Eocene, ma ny s tratocones of the Interior Arc 
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mus t have been high enough to have supported microthermal 
vegetation on the ir upper s lopes. Recall, thoug h , that the ac­
tual arc edifices erode and do no t e nter the record. What does 
enter the stratigrap hic record is the vegetation growing in the 
basi ns adjacent to the volcanoes. If the bas ins lay al relatively 
hig h e levations, t hey may have suppo rted uni fo rm micruther­
mal forests. However, it is unlikely that many arc basins lay 
hig h e nough during the E ocene Warm Period . 

The di verse forests of Re public inc lude a mi x of plants 
fro m hi s tori ca ll y microthermal and megathe rma l lineages, 
suggesting that the Republic graben lay somewhere in the cco­
tone bt'.t ween te mperate a nd tropical vegetation. Presumably , 
true microthermal forest occupied higher e levation s ites while 
tropical vegetation may have occurred at lower e levations and 
(or) closer to the ocean. 

Most interesting is that at Republic, for the first Lime in the 
Tertiary paleo botani ca l record , one sees the interg radation of 
mi c ro thermal a nd mcg ath e rmal vegetation to produce ex­
tremely diverse forests composed of pla nts with disparate and 
complex vegetatio nal hi stories . The germane ques tions are: 
How did thi s mass ive intergradation occur? and Why did some 
families divers ify so readil y at thi s time? 

There is some evidence that microthermal floral elements 
can e nter warmer fores ts as succcss io na l colon izers. For exam­
ple, Wang ( 1961) found that s ucccssiona l co lo ni zers of di s­
turbed tropical fores t in mainland China produce a woody 
vegetation with a decidedly more ' tempera te ' composition 
than minimally distu rbed fo rest of the same region. 

The colonizing woody vegetation of the Mount St. Helens 
debris avalanche deposit inc ludes as dominants a lde r, wi llow, 
blackberry, blueberry. e lderberry, maple, and o the r fo rms rep­
resented in abunda nce in the Re public fl ora. (Keep in mind 
that even ' min imally d is turbed' vegetation o f coastal Wash­
ington is temperate today.) These plan t, are notable for ei ther 
their abi Ii ty to resprout from vegctati ve fragments or their par­
t ic ul arly effecti ve di spersa l mechanisms (V iers, 1987). Far­
ther from the vent , simil ar co lonizing woody vegetation oc­
c urs withi n la har-devas tated river c ha nnel s, whereas the 
surrounding fores t is essentially unaffected. Tt may be that 
some microthermal e lements from higher, cooler stratocones 
of the Interior Arc e ntered the lower arc basins by co lon izing 
vo lcan ically di sturbed habitat and that some of these inter­
graded with the later stage 'c limax' vegetation. 

My work on the 33.9-m illi on-year-old Cedarvi ll e floras of 
northeastern Californ ia (Myers, 1993), prov ides tantali zing 
evidence that thi s may be the case. At Cedarvil le vegetational 
and flori sti c differences between multiple, wel l-correlated , 
coe val paleoassemblages are sign ificant. The distribution of 
vegetational associations is not c limatica ll y induced (the ther­
mal and moisture paramete rs o f a ll sites are essentiall y identi ­
ca l) but is microsite controlled . Geological ev idence suggests 
that Cedarvi ll e microsites colon ized by broadleaved, primarily 
deciduous vegetation (dominated by microthermal elements) 
were regularly de vastated by volcanic last ic debri s. Si tes far­
ther from the volcanic source supported prcdom i nantly ever­
green broadleaved vegetation with strong tropical fl oristic ties 
and appear not to have been high ly disturbed. 

Sedimentolog ical a nd microstrati g raphic stud y at 
Cedarvil le reveals cyclical vegetational changes within short 
stratigraphic sequences. Hori zons with a high pe rcentage of 
juvenile vo lcanic detritus contain the fossils of fern s. Fern fos­
s il s are replaced upsection by a low-diversity vegetation domi­
nated by 'weedy' trees a nd vi nes. Moving upward in the sec­
ti on lamina by lamina, o ne sees the low-divers ity 'weedy' 



trees gradually replaced by a diverse temperate forest not dis­
si milar to that at Republic. Between four and six cyc les of 
vegerationa l change have been recognized in a I-meter-thick 
sequence of rock. 

The predictable cyclicity of vegetational change, and par­
ticularly the association of 'fern episodes· with juveni le pyro­
clastic debris, tempts the suggestion that the vegetational cy­
cles mark repeated events or volcanic devastation and 
recovery, although other explanations are equally plausible. 
Hence. while there is some evidence that 'temperate' forest 
might enter warmer lowland sites through colonization of vol­
canically disturbed habitat. it is difficult to determine the ac­
tual cause of the vegetational rel at ions from the fossi I record. 

A s imilar repeated lithological cyc li c ity occurs in the Re­
public sequence, although as yet no one has attempted a I am­
in a- by-1 a m in a correlation of lithological changes with 
changes in associated pl ant fossils. 

Mechanisms of Floral and Vegetatlonal Change 
In the Interior Arc 

From the brief di scuss ion above. it is c lear that the formation 
of plant preservational sites in or adjacent lo volcanic centers 
of the Eocene Interior Arc allowed for the fossilization of 
vegetation th at hitherto had not entered the Tertiary western 
North American paleobotanica l record. While this vegetation 
may not have bee n ac tually growing at high elevation , it would 
have reflected the landscape dynamics influenced by the arc 
and would have experienced vegetational exchange with the 
higher elevation volcan ic centers. That volum inous arc vo l­
canism in isolated upland cente rs wou ld very like ly have 
forced high rates of vegetational change has been suggested 
previously (Kruckeberg, 1987 ; Wolfe , 1987; Myers, 1993; 
Myers and Fisher, 1994). 

The formation of a series o f volcanic centers in western 
North America during the Eocene Warm Period would have 
provided biogeograph ic and evolutionary opportunities for 
microthermal .lineages restricted from the tropical lowlands. 
Microthermal groups , like the Rosaceae, a lmost certainly 
wou Id have been restri cted to cooler habitats of widely spaced 
and isola!ed volcanic centers . Migration between these centers 
would have been by chance (by wind or animal vec tors or by 
other means) and perhaps infreq uent . The potential for specia­
tion in isolation would have been high. This leads to the sug­
gestion that diverse forests composed of flori s ti c elements 
with different histories (like that at Republic during the middle 
Eocene) could evolve and accrue diversity through the contin­
ued intermixing of" relicts and neoendemics in a geologically 
complex and dynamic landscape like that of a vo lcanic arc. 
While vo lcanic arcs are not the on ly environment in which this 
might happen , the extremely dynamic and unstable geological 
system of volcanic arcs could be a particularly effective pump 
driving floristic diversification and vegetational mixing. 

One way for paleobotanists to test this idea would be to 
place arc vegetation into the con tex t of what geologists can 
interpret about the processes by which volcanism shapes the 
physical and vegetational landscape, by which vegetation is 
taphonomical ly sampled and sorted (with particular emphasis 
on where and when this occurred with respect to the volcanoes 
and the timing of eruptions), and by which the basinal sedi­
ment pile is formed. Such work is time consuming and must be 
conducted on a lamina-by- lamina scale at several coeval sites. 

If com bined with careful whole-organism taxonomic and pa­
leoecological analysis, such information could begin to yield 
a picture of how and why vegetation and lineages changed 
through time in arc settings. 

Given the occurrence of multiple, widely spaced. and well­
dated floras at Republic and their unique vegerational and flor­
istic associations, Republic would be an ideal laboratory for 
this type of integrative study. 
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The Republic Highlands 
Scott L. Wing and William A. DiMichele 
Department of Paleobiology 
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Washington , DC 20560 

The fossil flora from Republic, Wa~hington, is an extraordi-
nary window on the vegetallon of nearly 50 million years 

ago. It records a time when there were no polar ice caps, when 
a lligators swam in the Arctic Ocean, when broau-leaved ever­
green forests grew as far as 60° north , and forests of bald-cy­
press relatives and deciduous broad-leaved trees grew nearly 
to the poles. Because of the g lobally warm climate, this was 
the time of maximal interchange among floras of North Amer­
ica, Europe, and Asia-even frost -sensitive plant lineages 
were able to expand their ranges across the North Atlantic and 
Beri ngian la11d bridges. 

However, even as warm climates at middle and high lati­
tudes permitted the spread of broad-leaved evergreen forests 
and frost-sensitive plants, vo lcan ic activ ity and uplift in the 
northern Rocky Mountains were creating montane regions 
with cooler dimates. T he Republic fossils document this mon­
tane vegetation of the Eocene better than any other assemblage 
111 the world. 

We know the vegetation at Republic was diverse-more 
than 200 s pecies have been recorded from the 12 sites there 
that have been collected . The fl ora contains a mixture ofpine­
family conifers, deciduous broad-leaved trees like alder. sas­
safras, el ms , and sycamore relatives , and a few broau-leaved 
evergreen trees like photinia and members of the tea family. 

How did the vegetation at Republic differ from what grew 
at the same time to the eas t and 
west? As vo lcanic highlands devel­
oped in eastern Washington , Ore­
gon, Idaho, and western Montana 
and Wyoming, they began to cast a 
rai n shadow across the interior of 
North America. The eastern edge 
of the Eocene volcanic highlands 
appears to have been in the Yellow­
stone area, w he re floras of about 
the same age as Republic contain 
many conifers, inc luding relatives 
of the coast redwood . Fifty -mil­
lion-year- o ld floras from farther 
east in Wyoming, however, share 
re lat ively few plant species with 
Republic a nd are dominated by 
broad- leaved e vergree n members 
of tropical and subtropical plant 
fam ili es. These Wyoming floras 
also have an abundance of species 
in the legume fam ily, which tends 
to be diverse in regions with sea­
sonall y dry climates . 

lsoetites (quillwort), extinct genus, corm 
ca . 1.5 cm wide, UWBM 37862, loc. 
B4131 . 
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Floras of abou l the same age as that at Republic are also 
found in western Washington. These Pacific coast Eocene flo­
ras were highly diverse, composed mos tl y of evergreen broad­
leaved trees , and had leaf shapes and sizes similar to those 
seen in living wet tropical forests. 

Republic plants help to uocumenl the ex istt:nce of hiu-h­
lands that separated the warm, wet floras of the Pacific co:st 
from the warm, but seasonally dry floras of the continental in­
terior. 

The effec ts of the 'Republic highlands' are stil l seen in the 
distribution of plants today. The Eocene drying of th e:: inlt'.rior 
of the continent confined moisture-loving plants to more 
coastal areas. This was the initi al break in the distributions of 
planls that had previously grown all across the northern mid­
latitudes . Later in the Tertiary, co ld climates further restricted 
the northern ends of many plant ranges, fina lly producing the 
well -known 'disjunct' genera that now occur in east Asia and 
eastern North America but nowhere in between. 

The Eocene highlands so well represented by Republic 
may a lso have been the cradle of evolution for many of the 
more cold-to lerant plan! lineages that came to dominate tem­
perate forests during the later Tertiary. The plant fossils from 
Republic unique ly document a crit ica l interval in the develop­
ment of modern plant distributions and the evolution of impor­
tant living species.• 



The Role of the Republic Flora in Documenting the 
Floristic Evolution of the Northern Hemisphere 

Kirk R. Johnson 
Department of Earth Sciences 
Denver Museum of Natural History 
2001 Colorado Boulevard 
Denver, CO 80205 

The middle Eocene flora recovered from several localities in 
and around the town of Republic, Washington , provides 

some of the best evidence for the early evolution of many 
northern hemisphere plant I ineages. First described by Brown 
in 1935, the Republic flora was for decades considered to be 
of minor importance . 

In 1977 , Wes Wehr a nd Kirk Johnson discovered a new 
site, known as the 'corner lot', at the intersection of 10th Street 
and C lark Avenue. Extens ive excavation of this site over the 
next several years proved that the flora was far richer than had 
previous ly been thought. Initial description of the fl ora by 
Wolfe and Wehr (1987) and further tabulation by Wehr and 
Hopkins (1994) have shown that Republic is the ri chest known 
Eocene floral locality in western North America. 

Representing vegetation growing at a moderate e levation 
during the early middle Eocene, just after the global thermal 
maximum of the Cenozoic (Wing and others, 1991), the Re­
public flora contains a mixture of taxa known from highe r a nd 
lower e levation sites from a time when local floristic diversity 
was at an all-time high for North America. The flora also con­
tains: reli ct tax a from the Cretaceous, such as Metasequoia, 
Cercidiphyllum, and Ginkgo; other groups that diversified dur­
ing the the Paleocene s uc h as the Betulaceae (birches), Ul­
maceae (e lms) . Fagaceae (oaks , beeches), and Platanaceae 
(sycamores); and a whole suite of taxa that make their first 
appearance in the Eocene. 

The assemblage as a w hole sheds lig ht on the long-known 
flori stic s imila rity between the forest s of eastern North Amer­
ica and eastern Asia. A s early as 1750, Linnaeus had recog­
nized generic similarities between the living floras of eastern 
North America and eastern Asia (Graham, 1972). The similari ­
ties became s ignifi cantly greater w ith inc reased botanical ex­
ploration, and in 1846 Asa Gray wrote, " It is interesting to 
note ho w many of our characteristic genera are reproduced in 
Japan , not to speak of striking analogous forms." A tabulation 
of these s imilarities by Li in 1952 showed that many genera in 
59 families occurred in these wide ly separated regions. 

Paleobotanical exploration of the American West, begin­
ning largely with the United States Geological Surveys of the 
Territories, commenced in the 1860s. These scientists di scov­
ered a fossi l record that indicated that the extinct floras of the 
West also contained genera similar to those that were common 
to the li ving disjunct floras of eastern North America a nd east­
ern A sia. 

De tailed descri ptions and discussions of these a nd addi ­
tional floras over the last 130 years has led to the under­
standing that the middle Eocene world was characteri7.ed by 
equable c limates and by land co nnections between A laska and 
Siberia to the west and Canada, Greenland, and Scandinavia to 
the east. These conditions a ll owed relative ly unrestricted mi-

gration o r temperate and even subtropical plant genera be­
tween continents and the resulting s imilarity of flo ras. Moun­
tain building, continen tal drift, and climatic cooling resulting 
in ice ages in the late Cenozoic not only severed these migra­
tions , but al so ex tirpated this vegetation from mos t of the 
places where it had prev io us ly grown. (See Wing a nd Di ­
Michele, thi s issue.) 

Its floral list makes Republi c one of the more importa nt 
localities for interpreting the evolution a nd biogeography of 
the flora of North America. The Re public flora con tains doz­
ens or plant genera that today are known only in eastern Asia 
and many more that are known only in eastern Asi a and eas tern 
North America. 

Examples of Eocene plant genera from Republic that survive 
today only in east Asia or only in east Asia and eastern North 
America 

Republic 
taxon 

Eastern 
North America 

Ginkgo (maiden hair tree) 
Pseudolarix (Chi nesc go lden larch) 
Cercidiphy/lum (katsura) 
Metasequoia (dawn redwood) 
Photinia 
Liquidambar (sweet gum) 
Sassafras 
Lindera (spicebush) 
Cardonia (Carolina bay) 
Koelreuleria (go ldenrain tree) 

X 

X 

X 

X 

Eastern 
Asia 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Due to the combined forces o f its initial depos ition and 
preservation and the ongoing collection and s tudy, the Repub-
1 ic fl ora provides one of the better data points for under­
standing the vegetational hi story of the northern hemisphere. 
The lesson of Republi c is that re lentless excavation will un ­
cover material tha t is si mply not obtained by the traditional 
professional approach of a few seasons' work at a s ite . The 
growth of o ur understanding of this flora is directly re lated to 
the dilige nce and pers istence of Wes We hr, who has worked 
steadi ly on the project since 1977. En I isti ng dozens of col ­
leagues and friends as rock splitters, W ehr eventually captured 
the interest of the res idents of Republic , and the site was rec­
ognized as significant local landmark. The Stonerose Interpre­
tive Center now e ncourages continuing research and education 
relating to this flora . (See Perry and Barksd a le, this issue. ) 

References Cited 

Brown, R. W., 1935, Miocene leaves, fruits , and seeds from Idaho. 
Oregon. anti Washington : Journal of Paleontology, v. 9, no. 7, 
p. 572-587 

Washington Geology, vol. 24, no. 2, June 1996 41 



Graham. Alan. 1972, Ou t lin e of lhe orig in and 
his tori cal recogn ition or flo ristic affinit ies 
betwee n As ia a nd eastern North America. 
/11 Graham, /\ Ia n. ed itor. F lo rbitics and 
paleofloristics o f Asia and eastern o n h 
America : Elsevier Puh li shi ng Co . . p. 1- 16. 

Gray. Asa, 1846. Ana logy betwee n flora of J a­
pa n a nc.J that of lhc United Stales: Ameri­
can Jo urnal of Sc ie nce Ans 11. v. 2. p. 135-
1 :l6. 

L i, H. -L. , 1952, F loristil: rela tionsh ips he -
1wec n easte rn A~ia and eastern North 
Ameri ca: American Philosophical Society 
Transac ti ons. new series . v. 42 . pt. 2. 
p. 37 1-429. 

We hr. W. C. : Hopkins. D. Q .. 1994 . The Eo­
ce ne orc hards and garde ns o f Republic . 
Washington: Was hington Geology. v. 22. 
no. 3. p. 27-34 . 

Wing . S. L.: Bown. T. M.: Obradovich. J . D . . 
199 1. Earl y Eocene b io ti c a nd c lim a tic 
c hange in western ime rio r :'forth A merica: 
Geo logy. v. 19. no. 12, p . 11 89- 1192. 

Wolfe, J. A.: We hr. W., 1987. Middle Eocene 
d ico ly le do no u s pl an t s fro m Republ ic. 
northeas te rn Washi ngton: U.S . Geological 
Survey Bui let in 1597. 25 p. • 

Partially disarticulated cone of Pseudolarix wehrii Gooch (golden larch); SRBB-73-01, x1 .1. 
(Photo by Lisa Barksda le.) 

Fossil leaf of Cercidiphyllum (katsura) , a genus now native to eastern 
As ia and a tree commonly planted in cities; SR91 ·0-14, x1 .8. (Photo by 
Lisa Barksdale.) 
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Fossil leaf of Ginkgo adiantoides (Unger) Heer, whose modern relative 
is native to eastern Asia; SRB7-36-2A. x1 .3. Gingko trees have been 
planted in many communities throughout the United Stat es. (Photo by 
Sandra Sweetman .) 



A Brief History of the Stonerose Interpretive Center 
Madilane Perry and Lisa Barksdale 
Stonerose Interpretive Center 
PO Box 987 
Republic , WA 99166 

W ashing ton Geology readers o ften see ' SR' or 'Stonerose 
Interpretive Center Collecti o n· below illustrations of 

Re publi c ' s Eocene fossi ls. Many readers and others have 
come to the center. but for th ose who haven't. thi s short hi s­
to ry may serve as an introduction. 

The Stonerose lnterpreti vc Cente r is an educational faci Ii ty 
that performs severa l func ti ons: It promotes popular and sci­
entific interes t in loca l fossils. geology , and related subj ects . 
1t co llects, preserves. exhibits, a nd interprets fossi ls and other 
o bjects that illustrate these subjects and e ncourages research 
and informatio n exchange. Its program provides a unique op­
portun ity for the pub lic to collect mu cum-quality foss il s and 
pa rti c ipate in their s tud y. 

This wou ld be an unusual s ituati on anywhere. Its exi ste nc..:e 
in a s mall, ec..:onornica lly depressed, mining town is even more 
remarkable. lt is a res ul t of an equally re markable cooperation 
among local organizations, several levc b of governme nt, edu­
cati o nal instituti ons. and private c iti zens. 

Stonerose· s hi s tory began with a conversation between Re­
public City Counc ilman Bert Chadick and paleobotanist Wes 
Wehr of the Thomas Burke Me mo ri al W as hing to n State Mu­
seum. Collecting at Republic' s fossil beds began in 1896, but 
the ir s ignifi cance was barely appreciated before Wehr began 
work there in 1977. T he ·fossi l locality he was in vestigating is 
across the stree t from Republic's c it y hall . 

In the mid- l 9 80s. Chadic k c rossed the street to as k a bout 
the work. Wehr' s explanati o n included the fact that Republic ' s 
roadcuts. s licing through layers of anci e nt lake beds, had ex­
posed a ri c h Eocene pla nt fossil de pos it. These well -preserved 
leaf and flower impressions compri se the world's best 'snap­
shot ' of plant deve lopmen t in warm temperate uplands 50 mil ­
l ion years ago. 

The t wo men began considering what s uch a world-class 
resource mig ht mean to Republ ic. They envi sioned an inter­
pretive center where the public. including s tudents of all ages, 
could get hands -o n experience with fos s il s and interact with 
the people who study them . It would encourage to uri s m a nd 
demon strate to local students that science is a prot:ess that c..:an 
take pl ace literally anywhere . W e hr and Chadick began to 
work toward ma kin g a museu m a rea lit y. 

The city soon a ft e r bought a ho use near the foss il o utcrop 
and found fund s for a modest salary for a curator, some bas ic 
equipmen t, and for mod ifications of the ho use. TRICO, a loca l 
econo mi c development di strict, made arrangements for an as­
s is tan t curator's pos iti on through th e Was hing to n Service 
Corps. 

T o wn res ide nt s digg ing for fi ll rock soon uncove red a 
m o r e access ible fo ss il o utcrop a t th e north e nd of tow n 
(Fig. I ). Early in 1987. Madila ne Perry. a local reside nt and 
a nth ropo logy g radu ate fresh from a s in g le s hort museology 
course , heard about the project from C had ic k. the n the tow n' s 
mayor. Alarmed at it s scope, she c..:auti o ned that it wa~ prob­
ably impossi ble, g iven the area's limited resources. Somehow 
rh e conversation ended up with Perry being enlisted as curator 
o f something ca ll ed ' Stonerose ·. na med fo r the numerou s 

Figu re 1. Amateur fossil collectors at the Stonerose site. 

Madi lane Perry (left), the first curator of the center, and Lisa Phillips, 
the fi rst assistant curator. (Photo by Sandra Sweetman.) 
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members of the rose fam ily that are found in the stones there. 
T he Stonerose Interpretive Center was to be part of the City 
Parks Department. 

Getting from the dream to today's center has fol lowed un­
orthodox, improv ised , and fort uitous paths , certainly not the 
more trad itio nal process of establishing a faci lity for such im­
portant materials. T he physical work needed to make Stone­
rose a reality began in the spring of 1987. This involved c lean­
ing and re pairing a rundown , tum-of-the- cen tury house 
(Fig. 2) and several dona ted glass cases a nd o rgan iz ing the 
c ity's small fossil collectio n for an exhibit. Perry made a quick 
trip to the Burke Museum, where Wehr provided an inte nsive 
cram course in pa leobotan y and local geology and a great deal 
of moral support. In A ugust, the facil ity offici a ll y opened to 
the public. 

Since the n, under the direction of the prese nt c urator Lisa 
Barksdale, the foss il collection has grown, attendance has in­
creased stead ily and dramatically, and visitor fossi l co llecting 
has settl ed into a pattern. Fossils fou nd by visitors are exam­
ined by Stonerose staff members and , if possib le , identified. 
f-oss il s that may represent previous ly unknown plants or ani­
mals are retained by Stonerose to be exami ned by Wehr or 
other specialists. Stonerose contacts the collectors with in for­
mation about the fossils that have been kept; the will ing ness 
of vis itors to cooperate in the ongoing research is an asset to 
the center 's work. 

In 1988 , a Washington State Department of Community 
Development (DCD) grant enabled Stonerose to form its own 
nonprofit support group, the 'Friends of Stonerose Foss il s ' . 
The Friends now operate the center and have purchased e ight 
c ity lots, including about I 00 feet of exposed 
foss il beds. Another DCD grant in 1991 
funded an extremely popular university-ac­
c redi ted works hop for teachers about the 
educat iona l use of fossi ls. 

Since its earl y days, S toncrosc has moved 
to a more accessib le loL:atio n. The ci ty and 
Ferry Cou nty Historical Society j oined 
forces to purchase a building next to the city 
park fo r the cen te r . It houses most of the 
area's tourism-related o rgan izati ons and is 
maintained w ith L:ity funds earmarked for 
touris m. Simi lar county fund ing goes toward 
the curator's salary. The Washington Service 
Corps and, later , A meri corps have partic i­
pated by providing part of the assistant cura­
tor's salary . The rest of the center's needs are 
met by do nations, memberships, gift shop 
sa les, and the proceeds of an annual 'Bi ngo 
Bash' . 

Figure z. The first home of the Stonerose Interpretive Center. (Photo 
by Sandra Sweetman.) 

Sto nerose has rei ssued U.S. Geological 
Survey Bulletin 1597, which discusses the 
sig nificance of Republic's plant fossils, and 
has severa l othe r reports about the fossi l 

Figure 3 . Stonerose Interpretive Center in 1996, with its new expansion. 

fl ora ava ilable for visitors. 

The center rece ntly received a $50,000 g rant from the state 
legis lature to enlarge its physical fac il ities. The 600-square­
foot addition is nearly complete (Fig. 3). The fi nishing touches 
are being applied by a crew from the local Job Corps center. 
This is a continuation of an effective partnership that can serve 
as a model of interagency cooperat ion for s imil a r projec ts 
e lsewhere . 
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Stonerose attracted more than 9 ,000 visitors in the summer 
of 1995, more than Ferry County's entire populati on. The cen­
ter is open from May throug h October, Tuesday through Sat­
urday, 10:00 am to 5:00 pm. From mid-June to mid-Septem­
ber, Stonerose is also open on Sunday. Visitors who want to 
search for fossi ls must check in w ith the cen ter. where they 
wil l receive instructions, can rent simple tools , a nd see exam­
ples of the local fossils. • 
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Oregon State Lniversity Fores t Re­
search Laboratory. p. 30-34. 

TunniclilTe. Yerena: r:owler . C. M. R .. 
1996. Influence of sea- floor spread ing 
on the g lobal hydrotherm al vent 
faun a: Nature. v 379. no. (1565. 
p. 53 1-533 . 

WhiLney. D. L .. 1996, Garnets a~ open 
sys tems d urin g regional metamor­
phism: Geo logy. v. 24. no. 2. p. 147- I SO. 
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Beaudoin. B. C.; Godfrey. N. J. : Klemperer, S. L. : Lendl, Chri sto f: 

Arehihald. Bruce. 1995. Some Eocene insects from the interior of 
Briti sh Co lumbia: Vancouver Paleonto log ical Society, I v. 

Trehu . A. M .: Henstock . T. J .; Levander, A l an; Ho ll , .J. F:.; 
M elt zer. A. S.: and o ther s. 1996, Transition from slab to 
slab less-Results from the 1993 Mendoci no triple j unction seis­
mic experiment : Geology, v . 24 , no. 3, p. 195-199. 

Correspondence Courses Offered 
By Wright State University 

Th e Cen ter fo r Ground W ater Managem ent at Wri ght 
State University offers a number of courses geared to 
worki ng professionals interested 111 spec ialized training in 
environmental sc ience. Students use the Interac ti ve Re­
mo te Instr uctional Sys tem (IRIS®) and are assigned a 
personal tutor with w hom they commun icate by fax, e­
mail , and phone. 

A 20- week c.:ourse in ground-water hydrology starts July 
15 . The following 12-week courses beg in Aug . 26: 

I Site Remediation 

Contaminan t Hydrol ogy 

I Monito r W ell Design and Construction 

I Aquifer Test Anal ys i s/Well H y draulics 

I Ground - Water Flow M od e ling Usi n g MOD­
FLOW 

For m ore informati on, contact: 

Wri ght State University 
Center for Ground Water M anagem ent 
3640 Colonel G lenn Hwy; 056 Library 
Dayto n, OH 45435 

phone: (5 13) 873-3648;fax: (5 13) 873-3649 
e-mail: IRIS@d es ire.wright.edu ; home page: 
http://bio logy.wright.edu/cgwm/cgwm_hom e. html 

Blome. C. D.: Whalen, P. /\ .: Reed. K. M .. conveners, 1995, Si l iceous 
microfossils: Paleonto logical Society Short Courses in Paleontol­
ogy 8. 185 p. 

Blome. C. D. : Reed, K . M. , 1993. Ac id process ing nf pre-Terti ary 
radio larian cherts and its impact on fauna! content and biozonal 
correlatio n: Geology, v . 2 1. no. 2. p. 177- 180. 

Nelson. A. R.: Jennings./\. I::.; Kashima, Kaoru. 199(,, An canhquakc 
history deri ved f rom scratigraph 1c and microfossil evidence of 
relat i ve sea-kvcl change at Coos Bay . southern coastal Oregon: 
Geological Society of America Bulletin , v. I 08, no. 2, p. 141- 154. • 

WANT TO GET OFF OUR MAILING LIST? 

The Division pays for printing and postage for Washington 
Geology from an always-tight budget. Help us use our re­
sources well by letting us know if you no longer wish to 
receive this ' journal'. We will take your name off the list 
immediately. 

Science Summer Camps for 
Children, Families, and Adults 

The Oregon Museum of Science and Industry in Portl and 
o ffers a wide variet y of summer camps for children, fam i ­
lies , and adults in Washington and Oregon locatio ns. Ac­
t i v ities inc lude backpac king, natura l history ( marine and 
upland areas), astronomy , paleonto l ogy, and geology. For 
m ore informati on , call OMSI at (503) 79 7-4545 
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Division Releases 
Bibliography and Index of the Geology and Mineral Resources of 
Washington, 1986-1990, Bulletin 81, compiled by Connie Manson. 
This 478-page book contains citations (indexed) for nearly 4, l 00 
items issued from 1986 through 1990 and about 650 items issued be­
fore 1986 that were missed in previous compilations. The price is 
$14.72 + 1.28 tax= $16.00. A preliminary bibliography for 1991 
through 1995 is in preparation. 

Slope Stability Analysis of the Bluffs along the Washington State 
Capitol Campus, Olympia, Washington, Open File Report 96-3, by 
Wendy J. Gerstel. is a review of historic and current stability. The 
report consists of a 6-page text and seven appendices that present bor­
ing logs, cross sections, soil test and inclinometer data. and analytical 
data, as well as information about the effects of the February 1996 
rain storm . The report includes several maps and reproduction s of 
co lor photographs. This study was done under Department of General 
Administration contract #FY93-007(4) The price is $1 1.12 + .88 tax 
:$12.00. 

Association of American State Geologists Earth Science Educa­
tion Source Book, compi led by Robert H. Fakundiny and Neil H. 
Suneson, will soon be re leased as our Open File Report 96-4. This 
134-page report briefly describes publications and other materials of­
fered by each state geological survey and indicates suitability for vari­
ous readers and users. The price is $3 .68 + .32 tax= $4.00. 

We have reprinted Information Circula r 85, Washington State 
Earthquake Hazards. T he report is available free. but please add 
$1.00 to each order for postage and handling . 

Only Washi11gto11 State residents must pay tax; 01tt-of-state orders 11se 
the price before tax. Please add $1.00 to each order for postage and 
ha11dli11g. 

Earthquake Information Sources 
Earthquake Basics Brief No. 2 (I 995, 20 p.) lists organi­
zations that distribute earthquake information and in­
cludes each organization's mission statement, strengths, 
products and services, and Internet resources. Complete 
contact information is also provided. Free (s ing le copies 
only) . Available from the Earthquake Engineering Re­
search In stitute , 499 14th St. , s uite 320 , Oakland, 
CA 94612-1934; phone: (510) 45 l-0905;fax: (510) 451-
5411; e-mail: susant@eerc.berkeley.edu 

WASHINGTON STATE DEPARTMENTOF 

Natural Resources 
Jennifer M. Belcher - Commissioner of Public Lands 
l(aleen Cottingham. Supervisor 

Department of Natural Resources 
Division of Geology and Earth Resources 
PO Box 47007 
Olympia, WA 98504-7007 

ADDRESS CORRECTION REQUESTED 

USGS Report Being Revised 

Water Resources Investigations Report 92-4109, 
"Hydrology and Quality of Ground Water in Northern 
Thurston County, Washington", is undergoing revision. 
The Washington District staff reports that errors were dis­
covered in app lying a numerical model to simulate the 
gro und-water flow system. Some of the geohydrologic 
unit assignments to wells are being reanalyzed a nd cor­
rected. The revised report will be distributed upon com­
pletion . For more rnformation about spec ific applications 
of the information in the report , contact Brian Drost or 
Gary Turney at the Washington District, (206) 593-6510. 

Burke Museum Field Trips 

The Burke Museum announces the following tr ips to be 
led by Liz Nesbitt and Tony Irving of the University of 
Washington: 

North Cascades Loop Trip- fossils, minerals, and geo­
logic history, Aug. 23-25. 

San Juan Islands, including Sucia Island-geology and 
fossils,Oct.11- 13. 

For information about costs and to s ign up, contact Liz 
Nesbitt at (206) 543- 1856. 

CD-ROM Available from 
Mount Rainier National Park 

'"Where the Rivers Begin" is a program that incorporates 
interactive animations, games, slides , and videos that 
teach users about natural and human history of the park. 
as well as the social and political concerns affecting its 
management. The program includes trip activities, work­
sheets, other resources. It requires a 486/66 PC or bener. 
or Mac System 7 or greater. Also required , for either CPU 
type, are 8mb of RAM, a 256-color monitor, and a CD­
ROM drive. The educator's special price is $10. Contact 
the Education Office at the park, Tahoma Woods, Star 
Route , Ashford, WA 98304. 
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