
OREGON GEOLOGY 
published by the 

Oregon Department of Geology and Mineral Industries 

VOLUME 49, NUMBER 10 OCTOBER 1987 



OREGON GEOLOGY 
(ISSN 0164-3304) 
VOLUME 49, NUMBER 10 OCTOBER 1987 
Published monthly by the Oregon Department of Geology and Mineral 
Industries (Volumes 1 through 40 were entitled The Ore Bin). 

Governing Board 
Allen P. Stinchfield, Chair. ..................... North Bend 
Donald A. Haagensen, ............................ Portland 
Sidney R. Johnson ................................. Baker 

State Geologist ........................... Donald A. Hull 
Deputy State Geologist ................... John D. Beaulieu 
Publications ManagerlEditor ............... Beverly F. Vogt 
Associate Editor ..................... Klaus K.E. Neuendorf 

Main Office: 910 State Office Building, 1400 SW Fifth Ave., Portland 
97201, phone (503) 229-5580. 

Baker Field Office: 1831 First Street, Baker 97814, phone (503) 
523-3133 Howard C. Brooks, Resident Geologist 

Grants Pass Field Office: 312 SE "H" Street, Grants Pass 97526, 
phone (503) 476-2496 Len Ramp, Resident Geologist 

Mined Land Reclamation Program: 1534 Queen Ave. SE, Albany 
97321, phone (503) 967-2039 Gary W. Lynch, Supervisor 

Second class postage paid at Portland, Oregon. Subscription rates: 
1 year $6; 3 years, $15. Single issues, $.75 at counter, $1 mailed. 
Available back issues of Ore Bin: $.50 at counter, $1 mailed. Ad
dress subscription orders, renewals, and changes of address to Oregon 
Geology, 910 State Office Building, Portland, OR 97201. Permission 
is granted to reprint information contained herein. Credit given to 
the Oregon Department of Geology and Mineral Industries for com
piling this information will be appreciated. POSTMASTER: Send 
address changes to Oregon Geology, 910 State Office Building, 
Portland, OR 97201. 

Information for contributors 
Oregon Geology is designed to reach a wide spectrum of readers 

interested in the geology and mineral industry of Oregon. Manuscript 
contributions are invited on both technical and general-interest sub
jects relating to Oregon geology. Two copies of the manuscript should 
be submitted, typed double-spaced throughout (including references) 
and on one side of the paper only. Graphic illustrations should be 
camera-ready; photographs should be black-and-white glossies. All 
figures should be clearly marked, and all figure captions should be 
typed together on a separate sheet of paper. 

The style to be followed is generally that of U.S. Geological 
Survey publications (see the USGS manual Suggestions to Authors, 
6th ed., 1978). The bibliography should be limited to "References 
Cited." Authors are responsible for the accuracy of the bibligraphic 
references. Names of reviewers should be included in the 
"Acknowledgments." 

Authors will receive 20 complimentary copies of the issue con
taining their contribution. Manuscripts, news, notices, and meeting 
announcements should be sent to Beverly F. Vogt, Publications 
Manager, at the Portland office of DOGAMI. 

COVER PHOTO 
Aerial view of Fossil, Oregon, looking to the north. 

Middle and upper parts of center show Wheeler High School 
and the outcrop of John Day Formation at the north end of 
the school's athletic field. Article discussing fossil plants from 
this outcrop begins on next page. Photo courtesy Douglas 
Watson. 
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OIL AND GAS NEWS 
ARCO continues at Mist 

Since successfully completing its first two 1987 wells at Mist, the 
Columbia County 11-34-65 and the Longview Fibre 11-34-64, ARCO 
is drilling a deep test at the Columbia County 31-27-65. This well, 
permitted to a 7,OOO-ft depth, is a relatively rare test to penetrate 
the deeper sediments at Mist. 

Damon to deepen well 
Damon Petroleum Corporation plans to reenter the Stauffer Farms 

35-1 well. This well, located in sec. 35, T. 4 S., R. 1 W., Marion 
County, was drilled to a depth of 2,752 ft and was suspended in 
December 1986. Damon plans to reenter and deepen the well. Per
mit depth is 2,900 ft for this Willamette Valley test. 

Recent permits 

Permit 
no. 

396 

397 

Operator, well, 
API number 

Interwest Exploration 
Cavenham 33-1 
36-007-00018 

Damon Petroleum Corp. 
Stauffer Farms 35-1 D 
36-047-00020-80 

Location 

SW'A sec. 5 
T. 6 N., R. 7 W. 
Clatsop County 

NW'A sec. 35 
T. 4 S., R. 1 W. 
Marion County 

Status, proposed 
total depth (ft) 

Application; 
8,000. 

Location; 
2,900. 

D 

New geologic map for Baker County gold 
mining district released 

The Oregon Department of Geology and Mineral Industries 
(DOGAMI) has released a new geologic map of the Elkhorn Peak 
7 lh-minute quadrangle. The area is part of the Rock Creek- Sumpter
Baker gold mining district. It also contains limestone deposits from 
which chemical-grade calcium carbonate has been produced in the 
past. 

The new release, Geology and Mineral Resources Map of the 
Elkhorn Peak Qumirangle, Baker County, Oregon, is map GMS-41 
in DOGAM!'s Geological Map Series and was prepared by geologists 
M.L. Ferns and H.C. Brooks of OOGAMI, D.G. Avery of the USDA 
Forest Service, and C.D. Blome of the U.S. Geological Survey 
(USGS). It is part of an ongoing mapping program partially funded 
by the USDA Forest Service and also represents the first DOGAMI 
map published in part under the COGEOMAP program of the 
USGS. 

The map area is located just west of Baker and includes the 
southeast portion of Elkhorn Ridge between Rock Creek and Phillips 
Lake. It is geographically rugged-with over a mile of relief-and 
geologically complex, containing rocks that represent fragments of 
ocean floor and island arcs rafted against the North American con
tinent 100 to 160 million years ago. 

The full-color map (scale 1:24,000) shows rock units and geologic 
structure on a topographic base and identifies wnes of mineraliza
tion, mines and prospects, and locations of rock samples and fossils. 
It is accompanied by three geologic cross sections, a discussion of 
mineral deposits, and a table describing 67 known mines and pro
spects in the area. A separate sheet contains a detailed sample loca
tion map and descriptive and analytic tables for rock samples and 
fossils. 

The new map, GMS-41, is now available at the Oregon Depart
ment of Geology and Mineral Industries, 910 State Office Building, 
1400 SW Fifth Avenue, Portland, OR 97201. The purchase price 
is $6. Orders under $50 require prepayment. 0 
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Oligocene fossil plants of the John Day Formation, 
Fossil, Oregon 
by Steven R. Manchester, Department of Geology, Indiana University, Bloomington, Indiana 47405, and Herbert W Meyer, Museum of 
Paleontology, University of California, Berkeley, California 94720 

ABSTRACT 
Fossil plants from an exposure of John Day Formation in Fossil, 

Oregon, are identified and discussed in relation to vegetational and 
climatic interpretations of the Bridge Creek flora. The assemblage 
includes about 35 species, most of which belong to genera that are 
no longer native to the Pacific Northwest. Some of the genera are 
extinct, but most survive today in eastern Asia and/or eastern North 
America. The flora is dominated by broad-leaved deciduous elements 
such as alder, maple, beech, and an extinct hornbeam but also in
cludes conifers such as dawn redwood and pine. The flora appears 
to represent a deciduous hardwood forest comparable in stature to 
the Mixed Northern Hardwood forest living today in eastern Asia. 
This suggests a climate somewhat cooler than that proposed for other 
localities of the Bridge Creek flora. 

INTRODUCTION 
One of the most readily accessible and well-collected fossil-plant 

localities in Oregon is located within the John Day Formation in 
the town of Fossil (Figure 1). The fossil beds were exposed during 
the construction of Wheeler High School in 1949 and are still ac
cessible at the north end of the athletic field (SWIANW'.4 sec. 33, 
T. 6 S., R. 21 E., Wheeler County). Although the locality has been 
collected by amateurs and professionals on a continuing basis for 
more than 35 years, relatively little information has been published 
on the types of fossils that are preserved and on the nature of the 
forest that left this record. Brown (1959) illustrated and briefly 
discussed the remains of an unidentified bat from this site along 
with plants from this and other sites in the lower part of the John 
Day Formation. Naylor (1979) described a species of salamander 
(Taricha lindoei) from Fossil. The present paper reviews the geologic 
setting and approximate age of the locality and focuses on the tax
onomic identity of plant specimens from the locality at Fossil in 
order to provide insight into the kind of forest represented and its 
relationship to other paleofloras of the John Day region. 

The fossil flora and fauna of the John Day Formation have at
tracted interest for more than a century. The town of Fossil received 
its name in reference to fossil remains found on what is now Hoover 
Creek, where the original Fossil post office was established in 1876, 
prior to the incorporation of the community at its present location 
in 1891 (Steiwer, 1975). The first descriptions of fossil plants from 
the John Day Formation were published by Newberry (1883, 1898), 
based upon specimens collected by Rev. Thomas Condon in thc 
1860's from the classic locality on Bridge Creek (also referred to 
as Wade's Ranch and Allen's Ranch; Chaney, 1948a). The Bridge 
Creek locality, which also provided specimens described by 
Knowlton (1902), is located about 25 miles south of Fossil and is 
now protected as part of the John Day Fossil Beds National Monu
ment (Painted Hills Unit; Figure 1). 

Fossil leaf beds have been discovered at widely scattered loca
tions in the lower part of the John Day Formation in north-central 
Oregon and have been broadly referred to as the Bridge Creek flora 
(Chaney, 1952; Wolfe and Tanai, 1987), although the extent of their 
similarity in age and species composition to the classic Bridge Creek 
locality remains to be documented. Chaney (1927) published the most 
complete analysis of the flora, focusing on localities in the Crook
ed River basin. More recently, Ashwill (1983) called attention to 
related fossil plant localities on Gray Butte in the lower part of the 
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Crooked River basin. 
In the years that have elapsed since the most recent overall treat

ment of the Bridge Creek flora (Chaney, 1927), approaches to the 
identification of fossil plants have changed considerably, resulting 
in more reliable determinations based on detailed studies of leaf, 
fruit, and flower morphology. Individual species of the Bridge Creek 
flora have been periodically revised (Brown, 1939, 1946, 1959; Tanai 
and Wolfe, 1977; Wolfe, 1977; Manchester and Crane, 1987; Wolfe 
and Tanai, 1987), but a complete revision of the flora has not been 
done. To the extent possible in a paper of this length, we attempt 
to provide an update on the identity of Bridge Creek taxa through 
critical evaluation of the systematic affinities of the species known 
from the locality at Fossil. An interpretation of the type of vegeta
tion and climate represented by the flora as well as theories regard
ing its origin are also presented. 

Although the classic Bridge Creek locality is now closed to casual 
collecting, new specimens are continually collected at Fossil, and 
we expect that this account of the flora may appear incomplete as 
the investigation of newly recovered material proceeds and as private 
collectors share some of their finds with the scientific community. 
By illustrating the common elements of the flora, we hope to aid 
casual collectors in determining when they may have found 
something new or unusual. 

GEOWGIC SETTING 
The fossil locality occurs in bedded lacustrine tuffs (i.e., lake

deposited volcanic ash) of the John Day Formation. The John Day 
Formation is exposed over an extensive area in north-central Oregon 
and generally lies above the Clarno Formation of Eocene age and 
below the Miocene Columbia River Basalt Group. It ranges in age 
from Oligocene to early Miocene with radiometric dates from 37 
to 19 million years (m.y.). In general, the fossil-leaf-bearing horizons 
of the formation are early Oligocene in age (as per the chronology 
of Berggren and others, 1985) and occur stratigraphically below the 
succession of late Oligocene to Miocene beds that produce the well
known John Day vertebrate faunas (Woodburne and Robinson, 1977). 

..... _==='1.5,o Kilometers 

~ __ ==~50Miles 
.. John Day Fossil Beds NM. 

Figure 1. Index map showing location of Fossil in relation to John 
Day Fossil Beds National Monument. 
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Rocks comprising the John Day Formation were derived from at 
least three separate source areas, each producing lithologies of a 
particular composition (Robinson and Brem, 1981). Rhyolitic ash
flow tuffs and lava flows were erupted from volcanic vents east of 
the present-day Cascade Range, along the western margin of the 
John Day Formation outcrop area. Basalt and trachyandesite flows 
were derived from local sources near their outcrop areas. Dacitic 
to andesitic air-fall material is abundant and widespread throughout 
the formation and is believed to have originated from volcanism in 
the area of the Western Cascade Range during the early formation 
of these mountains. This air-fall material includes volcanic ash that 
was important in the preservation of plant and animal remains. The 
most informative paleobotanical localities, such as the one at Fossil, 
represent lake basins into which ash was redeposited along with plant 
debris from the surrounding forest. 

Based on differences in thickness and upon the distribution of 
ash-flow sheets, the John Day Formation has been divided into three 
geographically separate but lithologically similar facies (Robinson 
and others, 1984), which suggest that the Blue Mountains formed 
a topographic barrier that separated different basins of deposition. 
Each of these facies contains important fossil plant horizons in its 
lower part. The western facies includes the locality at Fossil and 
those of Cove Creek and Dugout Gulch (data for these localities 
in Chaney, 1927), Knox Ranch (Arnold, 1952), and Gray Butte 
(Ashwill, 1983; McFadden, 1986). The eastern facies includes the 
fossil plant localities at Bridge Creek, Cant Ranch, and Twickenham 
(Chaney, 1948a). The southern facies, situated south ofthe Ochoco 
Mountains, includes localities along the Crooked River referred to 
as Gray Ranch and Post (Chaney, 1927). 

The vicinity surrounding the John Day locality in Fossil is mapped 
as Clarno Formation (Robinson, 1975), but the stratigraphic rela
tionship of the fossil outcrop to other units of the John Day Forma
tion needs further study. Although radiometric dates are not available 
from the immediate vicinity of Fossil, the floral assemblage is similar 
to, and may be approximately contemporaneous with, the classic 
locality at Bridge Creek, which is radiometrically dated at 31.8 and 
32.3 m.y. (Evernden and others, 1964; corrected to new constant). 
Other localities of similar lithologic and floral character (Pentecost 
Ranch, Cove Creek, Knox Ranch, and Dugout Gulch) occur be
tween the basalts of members band f (Robinson, 1975) of the John 
Day Formation northeast of Clarno, and a radiometric date for the 
base of the overlying member g is 30.4 m.y. (Woodburne and Robin
son, 1977; new constant). 

FOSSIL PLANTS 
The fossils are preserved as impressions and carbonaceous com

pressions in laminated to massive tuff. In addition to the remains 
of leaves, the deposit contains abundant fruits, cones, seeds, and 
occasional flowers. Specimens are recovered either by examining 
surface material or by breaking the rock parallel to the bedding plane 
with hammer and chisel. Because the rock has many vertical frac
ture planes, some of the larger leaves can be collected only by care
fully removing and gluing together adjacent pieces of rock as they 
are exposed in the bedding plane. The matrix is often soft, and the 
delicate impressions are easily damaged; therefore it is important 
to wrap the specimens carefully before transporting them. 

Our analysis of the flora is based upon collections at the U niver
sity of California Museum of Paleontology (UCMP) and upon col
lections at Indiana University (IU) that we made during the sum
mer of 1986. Based on these collections, the assemblage from Fossil 
includes about 35 species, including a fern, three conifers, a 
monocotyledon, and about 30 dicotyledons; a few of which remain 
unidentified. The specimens in Figures 2 to 6 are all from the locality 
at Fossil and are illustrated actual size (1 X) unless otherwise in
dicated. Captions for Figures 2 to 6 include the UCMP and IV 
specimen numbers. The most abundant fossils at the locality are 
leaves of Metasequoia (Figure 2D), Alnus (Figures 5A,B), and 
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Paracarpinus (Figure 5E) and fruits of Acer (Figures 6F,G) and 
Pteleaecarpum (Figures 6L,M). Authors of species are presented 
in Table 1, and the following discussion is arranged according to 
the sequence of genera also presented in Table 1. 

Lower vascular plants are uncommon in the flora. Only one fern 
has been recognized, based upon a single specimen (Figure 2A) of 
a fertile entire-margined pinnule showing two rows of circular sori 
and a strong midvein. Sporangia and spores are not preserved, but 
the arrangement of the sori is similar to that in sOme living species 
of Polypodium. This species has not been observed in other localities 
of the John Day Formation, although one other fern was described 
as Pteris silvicola from Gray Ranch (Chaney, 1927). 

Conifers in the Fossil assemblage include Abies (fir), Pinus (pine), 
and Metasequoia (dawn redwood). Foliage of Metasequoia is com
mon at this locality (Figure 2D), especially as isolated needles, and 
both seed (Figure 2B) and pollen cones (Figure 2C) also occur. From 
a historical standpoint, Metasequoia is one of the most interesting 
plants found at this locality. Metasequoia differs from Sequoia (the 
redwood of the California coast) by having deciduous rather than 
evergreen foliage and in having needles that arise opposite one 
another rather than alternate along the axis. For many years, however, 
these differences were not recognized, and most specimens from 
the Bridge Creek flora were identified as Sequoia. Metaseqltoia was 
first described by Miki (1941), based upon fossils from Japan. Subse
quent to Miki's description, living trees of Metasequoia were found 
surviving in central China (Hu and Cheng, 1948). Chaney (1951) 
reexamined the fossils from Bridge Creek and other western 
American Tertiary floras and reassigned many to Metasequoia 
occidentalis. 

Abies is represented by a cone scale (Figure 2E). Pinus is 
represented by leaves with five needles per fascicle (Figure 21), oc
casional seed cones (Figure 2J), pollen cones (Figure 2F), and 
isolated seeds showing the disarticulation between the seed body 
and wing (Figures 2G,H). This is the same species that Mason (1927) 
recorded from Cove Creek and attributed to P. torreyana. However, 
P. torreyana is a living species with large, edible seeds unlike those 
ofthe fossil. The precise position of this fossil species with respect 
to living pines remains to be determined. 

Only one definite monocotyledonous leaf has been recovered from 
Fossil (Figure 3A). Although incomplete, it shows parallel vena
tion similar to that of Canna, with thick veins alternating with two 
orders of thinner parallel veins. Most of the other leaves in the 
assemblage have net-venation typical of dicotyledons. 

Mahonia simplex, which belongs to the same genus as Oregon 
grape, is uncommon in the assemblage but is easily recognized by 
its asymmetrical, spiny leaflets (Figure 3G). The palmate venation 
of the leaflets of this fossil species is shared by living Asian species 
of Mahonia and by a single living American species (M. nervosa; 
Schorn, 1966). This species occurs at most localities of the Bridge 
Creek flora. 

Cercidiphyllum (katsura tree), which is presently native to eastern 
Asia, was first recorded from the Bridge Creek flora by Brown 
(1935). The leaves, Cercidiphyllum crena tum (Figure 3C), are ellip
tical to ovate with palmate venation and fine glandular teeth. Cer
cidiphyllum fruits (Figure 3D), which appear as clusters of small, 
slender "pods," are also present at the locality and probably repre
sent the same species as the leaves. However, because a positive 
link between the fruits and foliage has not been proven by actual 
attachment, the fruits have been assigned to a separate species for 
fruits, C. helveticum (Jiihnichen and others, 1980). These leaves and 
fruits are essentially identical to those recorded from the Oligocene 
to Pliocene of Europe (Jiihnichen and others, 1980) and are very 
similar to those of the two modern species. Specimens from the 
Bridge Creek flora are among the earliest known that correspond 
precisely to the modern genus. Most of the Paleocene and Eocene 
remains formerly attributed to Cercidiphyllum (Brown, 1939) are 
now considered to represent related extinct genera (Crane and 
Stockey, 1985). 
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Figure 2. A. Fern pinnule similar to thai of Poly podium, UCM1'93Ja B. -D. Metasequoia occidentalis (daM! redwood). B. Seed cone, 
1U6988. C. Pollen cone, UCMP931l. D. Branchlet showing opposite arrangement o/needles. lU(I}9o. E. Cone scale of Abies (fir), fU699/. 
F. -J. Pinus sp. (pine). F. PoUtn cone, UCMP9312. G. Winged seed, IU6993. H. Seed showing disaniculation o/seed body from wing, lU6994. 
I. Fascicle of five needles, UCMi'9316. J. Seed cone, IU6996. 
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The Plalanaceae (sycamore family) are represented by tv.() distinct 
kinds of leaves in the assemblage. Leaves of Platanus aspem are 
common at Fossil and have three broad lobes with numerous prom
inent teeth, giving the margin a scalloped appearance (Figure 3B). 
Platanus aspem was first recognized from the Bridge Creek locali
ty (Newberry, 1898). Although La Motte (1936) transferred the 
species to Tilia, our specimens show that the species has an inflated 
petiole base. This and characters of the teeth and venation support 
Newberry's original assignmen!. Platanus condoni (Figure 3H) in
cludes the largest leaves known from the locality, some measuring 
up to 40 em in length. The leaves of this species are fan shaped 
with five lobes; teeth are infrequent or absen!. These leaves are 
similar in general plan to the leaves of the extinct genus Macginitiea 
(Manchester, 1986; Wolfe and Wehr, 1987), and more detailed study 
of a larger number of specimens is needed to determine the more 
appropriate generic position of this species. The Platanaceae are 
also represented by globose fruiting heads (Figure 3E) and numerous 
isolated fru itlets (Figure 3F). 

Leaves resembling those of Morns and Broussonetia in the 
Moraceae (mulberry family) are occasionally recovered (Figure 4A). 
They are broad and asymmetrical with a finely serrate margin. A 
pair of strong ascending secondary veins arises from the base of 
the lamina and gives off evenly spaced tertiary veins that form regular 
loops near the margin. This kind of leaf has not been reported 
previously from the Bridge Creek flora. 

T'Y.o species of the Ulmaceae (elm family) are present, one belong
ing to a living genus (Ulmus) and the other to an extinct genus 
(Tremophyllum). The leaves of Ulmus pseudo-americana (elm) are 
distinguished from other leaves at Fossil by the combination of 
straight, parallel secondary veins, compound teeth, an asymmetrical 
base, and a stout petiole (Figure 4B). This species is described in 
detai l from other localities of the Bridge Creek flora by Tanai and 
Wolfe (1977). Oddly. the distinctive winged fruits of Ulmus are not 
known from Fossil ; the only John Day locality from which an elm 
fru it is known is Gray Ranch. Reexamination of specimens illustrated 
by Chaney (l9Z7) as fru its of Ulmus speciosa and U brownellii in
dicate that they represent Preleaecarpum oregonensis and an uniden
tified winged seed, respectively. 

Leaves of the extinct genus Tremophyllum, formerly described 
from the Tertiary of Europe (RUffle, 1963), are relatively narrow 
and have a stout petiole, an asymmetrical leaf base, and blunt teeth 
that are distributed one per secondary vein (Figure 4C). These leaves, 
for which we propose the new name combination Tremophyllum 
hesperium (Brown) comb. nov., are also present at Gray Ranch and 
were formerly referred to Ulmus brownellii (Chaney, 1927) and 
Zelkova hesperia (Brown, 1946). Although correctly placed in the 
Ulmaceae, this species does nO( belong to any modem genus (Tanai 
and Wolfe, 1977, p. I). Specimens from the Green River and Floris
sant floras show leaves of this kind attached to twigs bearing fruits 
of the extinct genus Cedrelospemuun (Manchester, 1987a). Although 
such fruits have not been recovered from Fossil, they have been 
reported from Gray Ranch ("Banksires linealus," Brown, 1940). 

At least three genera of the Juglandaceae (walnut family) are pre
sent, although they are not abundant. Juglans (walnut) is represented 
by occasional leaflets and compressed nuts (Figure 4E). Leaflets 
resembl ing those of Prerocarya (Figure 40) are also present. 
Although the distinctive biwinged fruits of Pterocarya have not been 
found at this locality, they are known from the John Day locality 
at Cant Ranch (Wolfe, 1959). Trilobed winged fru its related to 
&ge/hardia occur at several localit ies of the Bridge Creek flora in
cluding Fossi l (Figure 4F). Formerly mis identified as Co.rpinus 
(Chaney, 1927), the species corresponds most closely to £. olsoni 
from the Miocene Latah Formation of Idaho (Brown, 1940; Man
chester, 1987b). Similar triwinged fruits occur today in tv.() genera 
of the Juglandaceae: &gelhardia of Asia and Oreomunnea of tropical 
America. In some characters, this fossil species is more similar to 
Oreomunnea, but other characters of the fruits and foliage need to 
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Table l. Fossil pw.nt lisl 

Fern: 
cf. Polypodium [fertile leaf] 

Conifen: 
PINACEAE 

Pinus sp. [leaves, seed cones. pollen conesJ 
Abies sp. [cone scalesJ 

TAXODIACEAE 
Metasequoia occidemalis (Newberry) Chaney [leaves, seed cones, 

pollen cones) 

flowering plants: 
MONOCOTYLEDONS 

MonoclMyledonous leaf 
DICOTYLEDONS 

BERBERIOACEAE 
'Malwnia simplex (Newberry) Arnold [leanets] 

CERCIOIPHYLLACEAE 
Cercidiphyllum crena/urn (Heer) Brown [leaf and associated fruits of 

Cercidiphyllum he/I'/'/irum (Heer) Jiihnichen, Mai, and Walther] 
PLATANACEAE 

Plc.lanU$ aspem Newberry [leaves) 
Platanus condoni (Newberry) Knowlton [leaves] 
Platanaceous froits 

MORACEAE 
MantS-like leaves 

ULMACEAE 
Ulmus pseudo-amuicana Lesquereux fleaves] 
Trenwphyllum hesfHrium (Brown) comb. noy. (leaves] 

JUGLANDACEA 
luglan!! sp. [lea nets and fruits) 
Pterocarya sp. [leaflets ] 
cf. Engelhardia olsoni Brown lfroit] 

FAGACEAE 
Quercus consimilis Newberry [leaves) 
mgus pacifica Chaney lleaves and fruitsl 

BETULACEAE 
Alnus hollc.ntiiana 1ennings emend. K1ucking [leaves. catkins] 
Asrerocarpinus perpl£Ulll!i (Cockerell) Manchester and Crane [froilS and 

associated leaves of Poracarpinus chaney; Manchester aoo Crane] 
TILlACEAE 

'7i1ia" circulc.ris (Chaney) comb. nOY. (fruits] 
Plc.f/uria obliquifolia (Chaney) Wolfe [l~s) 

ROSACEAE 
Crataegus newberry; Cockerell [leaves] 
cf. Serbus [leaflet] 

HYDRANGEACEAE 
Hydrangea f/orissanlia Cockerell [flowers] 

LEGUMINOSAE 
CUJdrustis sp. [fruits] 
Cerds sp. [fruits] 

ACERACEAE 
Acer ashwilli Wolfe aoo Tanai [ I~s and fruits] 
Acer cranei Wolfe and Tanai [fruits] 
Acer manchesteri Wolfe aoo Tanai [teaves and fruits] 
Acer Qsnwnli Knowlton [l~s and fruilS] 

MELIACEAE 
Cedrelc. rMn'1li (Chaney) Brown [leaf and seed] 

INCERTAE SEDIS 
Florissantia physalis Knowlton [flower) 
Pteleaecarpum oregmrensis (Arnold) comb. noy. [fruit] 
'~Ibiwa" QIIQ/iCOrpcl Becker [seed) 
cf. Terminalia [fruit] 
2 unidentified species with serrate l~s 
I unidentified species with entire-margined leaves 

be detemtined for this fossil species before a positive modem generic 
ass ignment can be made (Manchester, 1987b). 

The Fagaceae (beech family) are represented by \v.() genera, Fagus 
and Quercus, each apparently with one species. Fagus (beech) is 
known from both leaves and nuts at Fossil. The leaves, rogus pacifiru 
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Figure 3. A. SeaiOll a/a mOllocot lea/showing porollel venOlion, UCMP9JI3. B. Lea/o/Platanus aspera (sycamore), W(fJ97. C -D. 
Cercidiphyllum (knuuro tree). C Lea/o/Cercidiphyllum crcnatum, W7fJOO. D. Three fruits o/Cercidiphyllum helveticum in cluster, IU700/. 
E. Platanus fruiting head, IU6998. F. IsolOled Platanus/ruitlet, IUfI}99. G. Mahonia simplex (Oregon grape), IU7003. H. Platanus condoni . 
/U7002 . 
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Figure 4. A. Leaf similar to Morus (mulberry), UCMP9314. 8. Ulmus pseudo-americana (elm), lU7004. C. Tremophyl1um, lU7005. D. 
Pterocarya, lU7006. E. JugJans (walnut). IU70(J7. F. Cf Engelhardia oJsoni. lU7013. G. Fagus pacifica nut (beechnut), showing recurved 
spines of cupule, l U7008 H. Opened cupule of Fagus pacifica showing four vall'f'S, IU7009. I. Leaf of Fagus pacifica (beech), lU70la 
1. Quercus consimilis leaf, lU70ll. K. Quercus consimilis (oak) leaf showingf,,"'f'r teeth. IU7012. L Quercus cupule (acorn cap), UCMP9317. 
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(Chaney, 1927), are ovate with straight parallel secondary veins, each 
vein entering a tooth at the margin (Figure 41). The nuts are recog
nized by their spiny cupule, which may be opened into four valves 
(Figure 4H) or closed and laterally compressed (Figure 4G). In leaf 
form (Thnai, 1974), prominence of leaf serrations, and the character 
of spines on the cupules, this fossil species is very similar to the 
living species R grandifolia of North America and less similar to 
the species living today in Europe and Asia. 

Leaves of Quercus consimilis are long elliptical, with a margin 
that ranges from fully serrate with a spiny tooth at the terminus of 
each secondary vein (Figure 4J) to partially serrate with perhaps 
only a few teeth near the apex (Figure 4K). Based upon the presence 
of a prominent fimbrial vein along the margin (a character lacking 
in Castanea; Thnai, 1986), the leaves attributed to Castanea orien
flllis by Chaney (1927) from the Gray Ranch and Cant Ranch localities 
may also belong to Q. consimilis. Acorns, although common at 
Bridge Creek, are rare in the Fossil assemblage. Only two specimens 
of probable acorn cupules are known, and both are large (approx
imately 4.5 cm in diameter; Figure 4L). 

Leaves of the Betulaceae (birch family) are especially common 
at Fossil and belong to two genera: Alnus and Paracarpinus. Alnus 
(alder) is one of the most abundantly preserved plants in the Bridge 
Creek flora. Of the three Alnus species that Klucking (1959) 
recognized from Fossil on the basis of leaves, A. hollmuJiana (Figures 
5A,B) is particularly abundant at Fossil. The leaves are ovate to ellip
tical with numerous small blunt teeth and have nonparallel, slight
ly concave secondary veins. Seed catkins (Figure 5C) and pollen 
catkins (Figure 5D) are also common. 

Leaves and fruits of an extinct genus related to the living Car
pinus (hornbeam) are also abundant at Fossil. The leaves, Paracar
pinus chaneyi (Figure 5E; Manchester and Crane, 1987), are ellip
tical, with numerous small, sharp marginal teeth and straight, parallel 
secondary veins. The associated fruits, Asterocarpinus perplexans 
(Figure SF; Manchester and Crane, 1987) consist of a small nutlet 
surrounded by four, five, or six radiating wings with pinnate 
venation. 

The Tiliaceae (linden tree family) are represented by extinct fruits 
and leaves at Fossil. Laminae of the kind formerly considered to 
be leaves of Asarum (Chaney, 1927) and Nymphoides (Brown, 1946) 
are abundant at Fossil (Figure 51), but attached peduncles bearing 
globose fruits indicate that, rather than leaves, the laminae are 
fruiting bracts similar to those of modem Tzlia (linden). Although 
circular rather than lanceolate, the bracts are remarkably similar 
in venation to those of modem lindens. The fruits have a basal 
perianth scar, are five-sided, and have a bumpy surface like those 
ofliving'T. petiolaris. We suggest the new name combination 'Tzlia" 
circularis (Chaney) comb. nov., indicating the close affinity with 
this modem genus. However, it is likely that further study will con
firm that a new generic name is necessary. Characteristic leaves and 
lanceolate bracts more similar to those of living species of Tzlia have 
not been found at Fossil, although they are present at Cove Creek 
and Dugout Gulch. 

Leaves of Plajkeria obliquifolia (Figure 6A) are asymmetrical with 
entire margins, palmate venation, and a stout petiole. The higher 
order venation forms a fine orthogonal meshwork. These characters 
suggest that the leaves may belong to the Tiliaceae (Wolfe, 1977) 
or Sterculiaceae, and it is possible that these leaves belong either 
to the plant that produced "Tzlia" circularis bracts or to that which 
produced Florissantia flowers. 

The Rosaceae (rose family) are represented primarily by occa
sionalleaves of Crafllegus (hawthorn). Crafllegus newberryi (Figure 
5G) occurs at nearly all localities of the John Day and Crooked River 
basins and was described in detail by Chaney (1927). The leaves 
are pinnately lobed with small teeth along each lobe. Specimens 
of prickly stems (Figure 5H) may also belong in the Rosaceae, and 
a single leaflet resembling Sorbus has been observed (Figure 6H). 
Additional rosaceous g~nera such as Rubus, Amelanchier, and Rosa 
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are known from other Bridge Creek localities but have not been iden
tified from Fossil. 

Hydrangea, in the Hydrangeaceae, is easily recognized by its 
flowers with four (rarely three) separate, broad, rounded petals 
(Figure 5J). It is rare at the Fossil locality and is also present but 
rare at Gray Ranch, Bridge Creek, and Dugout Gulch. A fruiting 
panicle of Hydrangea from Bridge Creek was illustrated by La Motte 
(1936, pI. 3, fig. 5; incorrectly identified as Tzlia). 

Two kinds of pods of Leguminosae (pea family) have been 
recovered from the locality. One of them (Figure 6B) resembles the 
living Cercis (redbud) in having a pod that is winged (having a flange 
of tissue extending slightly beyond the suture) and in having its seeds 
oriented perpendicular to the pod. Similar specimens are known 
from Gray Ranch, Bridge Creek (Chaney, 1927), and Dugout Gulch. 
The second type of pod (Figure 6C), similar to that of Cladrastis 
(yellow wood), is stipitate, has occasional constrictions between 
seeds, and has its seeds oriented parallel to its long axis. The 
specimen described as Cladrastis oregonensis by Brown (1937) from 
Bridge Creek differs from the one figured here in having only one 
seed and in lacking constrictions. Leaflets similar to Cladrastis oc
cur occasionally in the Bridge Creek flora but have not been con
firmed at Fossil. 

Acer (maple) is common and diverse at most localities of the 
Bridge Creek flora. Chaney (1927) attributed several leaves and fruits 
from Gray Ranch to a single species. However, more critical study 
of the fruits and foliage indicates that eight species are present in 
the Bridge Creek flora (Wolfe and Thnai, 1987), including four that 
occur at Fossil: Acer ashwilli (Figure 6D), A. osmonti (Figure 6F), 
A. cranei, and A. manchesteri (Figure 6G). 

Cedrela meriUi is represented by winged seeds and leaves similar 
to those of the living C mexicana (Brown, 1937). The characteristic 
seeds (Figures 61,1) have thin lateral wings that often show a rounded 
crease near the distal margin. The leaves (Figure 6K) are recog
nized by their pronounced asymmetry and smooth margins. Cedrela 
grows today from Mexico to tropical South America. Asian species 
formerly included in this genus are now placed in a separate genus, 
Toona. 

Flowers of Florissantia physalis (Knowlton, 1916) are occasionally 
found at Fossil and are present at most localities of the Bridge Creek 
flora. The flowers have a large, fused, five-lobed perianth (Figure 
6N) and a five-carpeled ovary with a single style. Although previous
ly called Porana speirii (Chaney, 1927; Brown, 1940) and more 
recently Holskioldia speirii (MacGinitie, 1953; Brown, 1959), a 
critical study of the specimens now available from Fossil and Dugout 
Gulch indicates that they are not related to either of these modem 
genera and instead are probably flowers of an extinct plant. Some 
rare specimens show the stamens with large globose anthers (Figure 
6-0). The general aspects of this flower suggest that it may belong 
to the order Malvales. 

Pteleaecarpum oregonensis (Figures 6L,M) belongs to an extinct 
genus of winged fruit that is also known from the Oligocene of 
Europe (Burek, 1971). The species is abundant at Fossil and other 
localities of the Bridge Creek flora and was formerly identified as 
mmus speciosa (Newberry, 1898; Chaney, 1927), Ptelea miocenica 
(Brown, 1937, p. 178, pI. 51, fig. 4), and Koelreuteria oregonensis 
(Arnold, 1952). Unlike mmus and Ptelea, these fruits bear four to 
six seeds in axile attachment, and unlike Koelreuteria, they have 
small seeds and two rather than three carpels. To our knowledge, 
Pteleaecarpum does not occur in North America except in the John 
Day Formation. 

Unidentified small oval-winged seeds (Figure 6E) are abundant 
at Fossil and also occur at Dugout Gulch as well as Gray Ranch. 
These appear to be identical to specimens Becker (1960) described 
from the Oligocene Mormon Creek flora of southwestern Montana 
as Albizzia ovalicarpa, although the actual generic identity remains 
undetermined. 

Fossil winged fruits resembling those of Terminalia are known 
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Figure 5. A. ,B. Alnus hollandiana (alder) leaves, 1U7014, lU70J5. C Alnus seed calkin, lU7016. D. Alnus pollen catkin, lU7017. E. Paracar
pinus chaneyi leaf, 1U609& F. Fruit of Asterocarpinus perplexans showing rodialing wings, /U609J, 1.5 X. G. Crataegus oewberryi (hawthorn) 
leaf, /U70J9. H. Prickly stem, lU7U2Q t. Broer and attachedfruit o/"Tuia" circularis (extinct linden), UCMP9315. J. Hydrangeajlower, IU7021. 

from I'M) specimens from Fossil, one figured by Brown (1959) and 
the other here (Figure 6P). They are similar in general outline to 
the fruits of Pte/eaecarpum but are distinguished by their larger size 
and a wing venation that is parallel bUI not reticulate. The species 
has not been recovered from other Bridge Creek localities. This !cine! 
of winged fruit occurs in several modem families, and the systematic 
position of this species remains to be continned. 
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EXOTIC AND EXTINCf GENERA OF THE FLORA 
Many of the species found at Fossil represenl genera thai are no 

longer nalive to the Pacific NOnhweSI, and some belong to exlinct 
genera. Genera exotic 10 the present-day flora of the region include 
Metasequoia, Cercidiphyllum, Platanus, Ulmus, Pterocarya, 
Juglans, Engelhardia, Fagus, Hydrangea, Cladrastis , Cercis, and 
Cedrela. Many occur today in Asia; in particular, MeUlSequoia and 
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Figur~ 6. A. uafofPlafkeria obliquifolia. fU7022. B. Pod similar 10 lhal ofCercis (ndbud). fU702J. C Pod similar to Ihal ofCladraslis 
(j'~ffow wood). /U7()24. D. £.to"r of Acer ashwilli (maple) , UCMP 9fJ29. E. Unidenlified winged sud, /U7()34. F. Winged fruiuif Acer osmonti. 
/U7()25. G. Wingedfruil of Acer manchesteri, fU7026. H. Cf Sorbus. fU7027. 1.,J. Winged seeds ofCedrela meril1i. 1U7028. fU7029. 
K. lLafofCedrela merill i. /U7030' L .M. Counterpan impnssions ofa wingedfruil Pteleaecarpum. 1U703J. N. Florissantia physalisf1ow~r. 
IU7031. 0. Florissantia physalisj10wer wilh inlact stamens. IU7036. P. Winged fruit similar to Terminalia. IU7032. 
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Cercidiphyllum are presently restricted to eastern Asia, and 
Pterocarya occurs only in eastern Asia and the Caucasus region. 
The fossil species of Cedrela and Engelhardia are most similar to 
those living in Mexico and Central America. Fagus is widespread 
in the Northern Hemisphere today, but the Bridge Creek species 
is most similar in fruits and foliage to the eastern North American 
species. Likewise, Platanus aspera seems to compare most fuvorably 
with the living American species. Most of these genera also occur 
in Miocene floras of the Pacific Northwest, and their disappearance 
from this region was probably due to climatic change during the 
later Tertiary and the Pleistocene. 

Previous investigations of the Bridge Creek flora have treated near
ly all of the taxa as living genera. However, we estimate that about 
15 to 20 percent of the species represent extinct genera. Examples 
include Asterocarpinus/Paracarpinus, Tremophyllum, Pteleaecar
pum, "Tilia," Plajkeria, and Florissantia. The previous misiden
tification of these taxa to living genera has resulted in a misleading 
impression that the Bridge Creek flora was completely modern in 
its generic composition. The recognition of extinct genera has been 
aided by more critical study of leaf architecture and by increased 
attention to associated fruits and flowers. 

VEGETATION 
One of the most striking aspects noticeable when collecting at 

this locality is the contrast between the fossil plants and the modern 
flora and vegetation of this region. The lower elevations around the 
town of Fossil consist of shrub-steppe and savanna vegetation 
dominated by grasses, sagebrush (Artemisia tridentata), and western 
juniper (Juniperus occidentalis), while the higher, moister eleva
tions in surrounding mountains support coniferous forests with 
ponderosa pine (Pinus ponderosa), Douglas fir (Pseudotsuga men
ziesii) , and grand fir (Abies graiuJis). More detailed descriptions 
of the modern vegetation are provided by Franklin and Dyrness 
(1973). 

Most of the fossil species represent broad-leaved deciduous plants. 
Conifers are not diverse, although the deciduous foliage of Metase
quoia is common. Broad-leaved evergreen species also lack diver
sity and are not common. Most of the species represent tree genera, 
although Hydrangea, Mahonia, Crataegus, and Sorbus may have 
been shrubs. The strong representation of deciduous plants relative 
to evergreen plants may in part reflect a depositional bias whereby 
deciduous taxa are overrepresented due to their production of a 
greater number of leaves that are shed annually. Deciduous taxa are 
also more common than evergreen taxa as constituents of lakeside 
and streamside vegetation, resulting in a loss of their leaves direct
ly into or alongside the depositional environment. Nevertheless, 
evergreen taxa, if present within proximity of the depositional site, 
should be present in a large collection such as the one from the locali
ty at Fossil, although the abundance of specimens of evergreen taxa 
may be greatly underrepresented relative to that of deciduous taxa. 
Similarly low proportions of broad-leaved evergreen taxa are ob
served at other localities of the John Day Formation, including Knox 
Ranch, Twickenham, Bridge Creek (Wolfe, 1981), and Dugout Gulch 
(Manchester and Meyer, unpUblished data), although Wolfe (1981) 
calculated a higher percentage for Post (Gray Ranch). 

The assemblage from Fossil, like others of the John Day Forma
tion, indicates vegetation similar to that of temperate hardwood 
deciduous forests of eastern Asia (Wang, 1961) and eastern North 
America (Braun, 1950; Vankat, 1979). Most of the Bridge Creek 
genera no longer occur, however, in the dominantly coniferous forests 
of the Pacific Northwest. Prior to the discovery of Metasequoia, 
Chaney (1925) compared fossils from the Bridge Creek flora with 
the living redwood forest of California and incorrectly identified 
many elements of the flora based upon gross morphology and his 
preconception that the floras were essentially identical. Later, Chaney 
(1948a,b, 1952) recognized the similarity of the Bridge Creek flora 
to modern forests of eastern Asia. 
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In eastern Asia, broad-leaved deciduous trees dominate several 
forest types (Wang, 1961; Wolfe, 1979), including the Mixed 
Mesophytic, Mixed Broad-leaved Deciduous, and Mixed Northern 
Hardwood forests (sensu Wolfe, 1979). In certain areas, however, 
the character of some of these forest types was inferred, based on 
modern vegetation that has been modified by centuries of human 
activity (Wang, 1961). Based upon physiognomic characters (i.e., 
those that express the structure and physical appearance of vegeta
tion), such as the relatively low diversity, the proportions of con
iferous, broad-leaved deciduous, and broad-leaved evergreen 
components, the low percentage of entire-margined dicotyledonous 
leaves (17 percent), and the presence of about 20 percent of species 
with palmately lobed leaves, the flora from Fossil corresponds most 
closely to the Mixed Northern Hardwood forest. Wolfe (1981) con
sidered the Bridge Creek flora to represent Mixed Mesophytic forest, 
although he emphasized (p. 88) that the "reduced broad-leaved 
evergreen element in these fossil assemblages is anomalous relative 
to extant vegetation." Physiognomically, the flora is less anomalous 
in comparison with the Mixed Northern Hardwood forest. With the 
exception of some species with small leaves, broad-leaved evergreens 
are generally absent in this modern community (Wang, 1961; Wolfe, 
1979). Floristically, the assemblage is more similar to the Mixed 
Mesophytic forest in the presence of Cedrela, Cercidiphyllum, and 
Pterocarya. Most other extant genera of the fossil assemblage oc
cur today in both forest types. 

CLIMATIC IMPLICATIONS 
It is possible to infer paleoclimatic conditions from fossil floras 

based upon the climatic distribution of modern vegetation types, 
which is influenced by temperature, precipitation, and seasonality. 
Wolfe (1979) plotted the temperature parameters for different vegeta
tion types in eastern Asia and showed that the Mixed Northern Hard
wood forest occurs in mesic areas where the mean annual 
temperature ranges from' 3 to 10 DC, the mean cold month 
temperature ranges up to -2 DC, the mean warm month temperature 
ranges from 20 to 28 DC, and the mean annual range of temperature 
(Le., a measure of equability, given as the difference between mean 
warm month temperature and mean cold month temperature) ranges 
from 23 to 45 DC. The Mixed Mesophytic forest of China, however, 
occupies a narrower range of temperature parameters, with the mean 
annual temperature ranging from 9 to 13 DC, the mean cold month 
temperature from -2 to 1 DC, the mean warm month temperature 
from 20 to 'lJ DC, and the mean annual range of temperature from 
20 to 29 DC. 

Wolfe (1981) pointed out that the occurrence oflarge-leaved (greater 
than 20 cm2) broad-leaved evergreen species is significant in assess
ing paleoclimate, because these species are generally limited to 
vegetation of climates where the mean cold month temperature is 
greater than -2 DC. The apparent lack of such species in the 
assemblage from Fossil indicates that the mean cold month 
temperature may have been less than -2 DC. Although Mahonia is 
an evergreen, its leaflets are small, and some living species of this 
genus extend into cold vegetation where large-leaved broad-leaved 
evergreens are absent. Engelhardia and Cedrela include modern 
species that are broad-leaved evergreens, but both also include liv
ing species that are deciduous. Thus, it cannot be assumed that the 
fossil species of these genera were evergreens. Engelhardia is known 
in the assemblage only from fruiting material; however, the leaves 
of Cedrela were apparently deciduous, judging from their thin 
textures. 

Leaf-margin percentages provide another criterion for comparison 
of floras of different climates. Bailey and Sinnott (1915) observed 
a correlation in living vegetation between the percentage of species 
having entire-margined leaves (Le., leaves that lack teeth or lobes) 
and climate, with successively higher percentages of entire-margined 
leaves in cool temperate, warm temperate, and lowland tropical 
floras. Further studies have shown that the percentage is influenced 
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by mean annual temperature (Wolfe and Hopkins, 1967; Wolfe, 1971) 
as well as rainfall (Dilcher, 1973). Wolfe (1979) indicated a direct 
correlation between mean annual temperature and leaf-margin 
percentage in mesic climates, based upon undocumented data from 
eastern Asia, although a much less precise correlation was found 
in well-documented studies of the Carolinas (Dolph and Dilcher, 
1979) and Costa Rica (Dolph, 1979). We estimate that the Fossil 
assemblage has 17 percent entire-margined leaves; this figure is based 
upon 28 dicot species and includes margins inferred for leaves of 
three extant genera presently represented only by fruits (Hydrangea, 
serrate; Cladrastis and Cercis, entire). Using the simple correla
tion between leaf margin and mean annual temperature as proposed 
by Wolfe (1979), this value corresponds to a mean annual temperature 
of about 5 0c. Our leaf-margin percentage is lower than that publish
ed previously for the Bridge Creek flora (25 percent, based upon 
66 species from several localities; Wolfe and Hopkins, 1967; Wolfe, 
1971) and that calculated for Gray Ranch (34 percent entire margins, 
based upon 37 species; Wolfe, 1981) and Dugout Gulch (24 percent 
entire margins, based upon 25 species; Manchester, unpublished 
data). It is possible that the assemblage from Fossil varies somewhat 
from other Bridge Creek localities (particularly Gray Ranch) due 
to differences in age, altitude, successional stage, or factors of local 
ecology. 

Fossil floras of similar age from the Western Cascades of Oregon, 
such as the 4'ons (Meyer, 1973) and Rujada (Lakhanpal, 1958) floras, 
contain more conifers and broad-leaved evergreen taxa than the 
Bridge Creek flora. Wolfe (1981) considered these more coastal floras 
to represent Broad-leaved Evergreen and Coniferous forest, sug
gesting that the climate nearer the Oregon coast (then in the area 
of the present Willamette Valley) may have had a slightly warmer 
mean annual temperature and a slightly lower mean annual range 
of temperature (Le., more equable) than the inland area occupied 
by the Bridge Creek flora. Compared with the present climate of 
western Oregon, the 4'ons and Rujada floras indicate that the mean 
annual temperature has apparently not changed significantly, 
although the mean annual range of temperature has decreased about 
5 to 10°C (Le., summers have become cooler, and winters are 
warmer) (Wolfe, 1981). The present climate of Oregon also differs 
in having reduced summer precipitation. Aridity is particularly pro
nounced today in central and eastern Oregon and can be attributed 
to the rain-shadow effects resulting from the late Cenozoic develop
ment of the High Cascades. 

Vegetational analyses and leaf-margin data from a number of 
western Tertiary floras (Wolfe and Hopkins, 1967; Wolfe, 1978) reveal 
that the most striking climatic event of the Tertiary was a drastic 
(about 1010 11 0c) decline in meart annual temperature along with 
an increase of about 15 to 16°C in mean annual range of temperature 
(at middle latitudes) that occurred during the Oligocene between 
about 32 and 34 m.y. ago, just prior to the deposition of the Bridge 
Creek flora (Wolfe, 1978). In the John Day basin, the Eocene Clar
no Formation contains fossil leaf assemblages that represent warmer, 
more equable climatic conditions than tlle Bridge Creek flora. The 
Clarno Nut Beds assemblage (Manchester, 1981) is much more 
diverse than the Bridge Creek flora, includes many broad-leaved 
evergreen taxa that are primarily restricted to tropical and subtropical 
areas, and, based on physiognomic criteria, probably had a mean 
annual temperature of more than 20°C. Following the Oligocene 
climatic change, temperate climate persisted in lowland areas with 
only moderate fluctuations through the remainder of the Tertiary 
(Wolfe, 1978). 

ORIGIN OF THE FLORA 
A comparison of the Bridge Creek flora with older floras in the 

region such as the Clarno raises questions concerning the mechanism 
of floral change through which hardwood deciduous forests replaced 
near-tropical vegetation during the Oligocene. The Areto-Tertiary 
geoflora concept, a theory that developed as early as the late 1800's 
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and was later expounded upon by Chaney (1938, 1940, 1947, 1948a), 
sought to explain this change and became widely accepted as fact. 
Wolfe (1977) presented the most complete historical review of this 
concept but also provided new evidence discrediting the theory. The 
Arcto-Tertiary concept basically maintained that a temperate, broad
leaved, deciduous forest having a definite floristic composition 
evolved in high northern latitudes during the Cretaceous and early 
Tertiary and "migrated" southward to middle latitudes during the 
Oligocene as a response to gradual climatic cooling. Although 
Chaney (1948b, p. 21-22) noted that some species failed to survive 
while others were added during this "migration," he believed that 
the Arcto-Tertiary geoflora underwent little floristic change and main
tained its general character over a wide interval of time and space. 

Mason (1947) was the first to challenge the theoretical basis for 
the Arcto-Tertiary geoflora by pointing out that such stability and 
unity of plant communities through time and space were not pos
sible in view of the dynamic interaction between population genetics, 
physiological tolerances of individual species, and the fluctuation 
of the environment. During an event of climatic or environmental 
change, each individual plant species will have its own unique genetic 
capability of coping with such a change; it is not conceivable that 
all species within a plant community will have the same response. 
To assume that the floristic composition of a plant community re
mains fundamentally unchanged over a long interval of time is in
consistent with evolutionary theory. Based upon studies of Alaskan 
Tertiary floras, Wolfe (1972, 1977) disputed the fossil and stratigraphic 
evidence for the Arcto-Tertiary concept by showing that the high
latitude Eocene to early Oligocene floras of Alaska were subtropical 
to near-tropical, similar to middle-latitude floras of the same age 
from the Pacific Northwest, and lacked the floristic and vegetational 
character assumed by Chaney. 

The Mixed Mesophytic and Mixed Northern Hardwood forests 
began developing during the Oligocene from lineages having origins 
in older floras of dissimilar character. Based upon the studies and 
ideas of Mason (1947) and Wolfe (1972, 1977), plant species can be 
envisioned as having had at least four possible responses to the 
Oligocene climatic cooling: (1) extinction, (2) survival through 
preadaptation, (3) survival through rapid evolution, and (4) disper
sal from upland regions. Many species that inhabited the Eocene 
and early Oligocene near-tropical forests of the Pacific Northwest 
became extinct during the rapid Oligocene climatic deterioration, 
but some species may have had physiological tolerances that would 
have allowed them to live under cooler, less equable climatic con
ditions, or such tolerances may have evolved rapidly to accommodate 
climatic change. For example, genera such as Pterocarya, Plajkeria, 
Engelhardia, and Platanus are known from the older, warmer floras 
from this region, but apparently survived the climatic change to 
become members of the plant community represented by the Bridge 
Creek flora. Other taxa in the Bridge Creek flora were closely related 
to those from older upland floras (Wolfe, 1972), where temperatures 
were cooler than in the lowlands, and some lineages may have 
dispersed from these upland areas into lowland areas during the 
climatic change. Bridge Creek taxa such as Abies, Acer, Crataegus, 
Mahonia, and Asterocarpinus also occur in somewhat older upland 
floras from the Rocky Mountain region, such as the Florissant 
(MacGinitie, 1953), Ruby (Becker, 1961), and Red Rock Ranch and 
Marshall Pass (Meyer, 1986) floras, suggesting probable upland 
sources for these taxa. Some taxa (e.g., Tremophyllum, Florissan
tia, and Hydrangea) occur in both the temperate upland and near
tropical lowland floras of the Eocene to early Oligocene; their oc
currence in the Bridge Creek flora may have resulted from either 
source. 
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Jack Steiwer provided historical information. This study was sup
ported by a grant from the National Science Foundation (BSR 
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USGS releases new-style topographic 
map index and catalog for Oregon 

A new index and a companion catalog of the 3,764 topographic 
and related maps of Oregon available from the U.S. Geological 
Survey (USGS) have been published by the USGS, the nation's prin
cipal civilian mapping agency. 

The "Oregon Index to Topographic and Other Map Coverage" 
and the "Oregon Catalog of Topographic and Other Published Maps" 
were designed to assist users in selecting and purchasing maps of 
the state. 

Both index and catalog are in booklet form. They replace the old 
single-sheet index and are the first of their kind for Oregon. A pro
gram to issue similar publications for all 50 states will be completed 
soon. 

"For the first time, all topographic and related USGS maps of 
Oregon are included in one easy-to-use index and catalog set, " said 
John R. Swinnerton, Menlo Park, Calif., chief of the Western Map
ping Center of the Survey's National Mapping Division. "These 
include planimetric, topographic, and photo-image maps, as well 
as land-use and land-cover maps. The old-style index did not show 
or list all of the 'J7 different USGS map products currently available 
to the public." 

The new Oregon index and catalog also list United States maps, 
county maps, national park maps, National Atlas maps, world maps, 
orthophotoquads, orthophotomaps, and special maps that include 
all or parts of Oregon. 

"The new indexes do not have to be updated and published 
periodically, but the catalogs will be efficiently and economically 
updated by computer and reissued as needed," Swinnerton said. 
Previously, the Updating and reprinting process took several years. 

The Oregon catalog contains forms for ordering topographic and 
other maps from the USGS. The catalog also lists 54 private map 
dealers in Oregon who sell USGS maps and the 15 libraries in Oregon 
that have the maps for reference and inspection. 
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Single copies of the new Oregon index and catalog are available 
free of charge from the U.S. Geological Survey, Map Distribution, 
Box 25286, Federal Center, Denver, Colo., 80225, telephone (303) 
236-7477. Copies also can be obtained from authorized USGS map 
dealers listed in the catalog or in local telephone yellow pages under 
"Maps." 0 

Oregon Agate and Mineral Society display 
featured at State Capitol 

On September 15, 1987, Wally and Jean Hobson of the Mount Hood 
Rock Club of Gresham removed their display from the Oregon Coun
cil of Rock and Mineral Clubs display case at the Capitol Building 
in Salem. They plan to keep it intact to exhibit at their annual show 
and also at the Portland Regional Show, October 23-25th. 

On the following day, the Oregon Agate and Mineral Society 
(OAMS) of Portland installed its colorful exhibit featuring sagenite, 
moss and plume agate and Oregon sunstones. Lighted frames at each 
end of the ll-ft case displayed sagenite agate, while transparent 
specimens were placed on the bottom shelf to take advantage of the 
fluorescent lighting underneath. 

Featured in the display was the framed proclamation, signed by 
Governor Neil Goldschmidt, on August 4th, 1987, making the Oregon 
sunstone the official Oregon gemstone. Also displayed were faceted 
and tumbled sunstones, some colored rough specimens, and a 
1oo-carat shaped and polished sunstone pendant. 

Several OAMS members contributed the more than 40 items, 
representing 15 Oregon counties, shown in the display. Ray 
Schneider, charter member of OAMS, President Chuck Sweany, and 
Evelyn Sweany arranged the exhibit, assisted by Lyle Riggs, Agent 
for the Council. 

The display will remain until January 15, 1988, and will be followed 
by an exhibit provided by the Roxy Ann Gem and Mineral Club 
of Medford, Oregon. 0 
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USGS publishes Professional 
Paper on the geology of the Blue 
Mountains region 

The U.S. Geological Survey (USGS) has released the first of 
several professional papers focusing on the geology, paleontology, 
and mineral resources of eastern Oregon, western Idaho, and 
southeastern Washington. Entitled Geology of the Blue Mountains 
Region of Oregon, Idaho, and Washington: Geologic Implications 
of Paleozoic and Mesozoic Paleontology and Biostratigraphy, Blue 
Mountains Province, Oregon and Idaho, Professional Paper 1435 
was edited by Tracy L. Vallier, USGS, and Howard C. Brooks, Baker 
Field Office, Oregon Department of Geology and Mineral Industries. 

As stated in the preface of the paper, the purpose of this series 
is "to familiarize readers with the work that has been completed 
in the Blue Mountains region and to emphasize the region's impor
tance for understanding island-arc processes and the accretion of 
an allochthonous terrane. These professional papers provide cur
rent interpretations of a complex island-arc terrane that was accreted 
to ancient North America in the late Mesozoic Era, of a large 
batholith that was intruded after accretion had occurred, and of 
overlying Cenozoic volcanic rocks that were subsequently uplifted 
and partly stripped off the older rocks by erosion." 

This volume contains seven papers on the biostratigraphy of 
pre-Tertiary rocks in the Blue Mountains, plus a review of the im
plications of the faunal data. The titles of the papers and their authors 
are as follows: 

1. Paleozoic and Mesozoic faunas of the Blue Mountains pro
vince: A review of their geologic implications and comments on 
papers in the volume; by Tracy L. Vallier and Howard C. Brooks. 

2. Late Triassic bivalves ofthe Martin Bridge Limestone, Hells 
Canyon, Oregon: Taphonomy, paleoecology, and paleozoogeography; 
by Cathryn R. Newton. 

3. Late Triassic coelenterate faunas of western Idaho and north
eastern Oregon: Implications for biostratigraphy and paleogeography; 
by George D. Stanley, Jr. 

4. A Norian (Late Triassic) ichthyosaur from the Martin Bridge 
Limestone, Wallowa Mountains, Oregon; by William N. Orr. 

5. Jurassic ammonites and biostratigraphy of eastern Oregon 
and western Idaho; by Ralph W. Imlay. 

6. Conodont ages for limestones of eastern Oregon and their 
implication for pre-Tertiary melange terranes; by Ellen Mullen Mor
ris and Bruce R. Wardlaw. 

7. Faunal affinities and tectonogenesis of Mesozoic rocks in the 
Blue Mountains province of eastern Oregon and western Idaho; by 
Emile A. Pessagno, Jr., and Charles D. Blome. 

8. Geologic implications of radiolarian-bearing Paleozoic and 
Mesozoic rocks from the Blue Mountains province, eastern Oregon; 
by Charles D. Blome, David L. Jones, Benita L. Murchey, and 
Margaret Liniecki. 

More professional papers on the same area will appear over 
the next few years. Copies of Professional Paper 1435, which is 93 
pages long, may be purchased directly from the USGS, Books and 
Open-File Reports Section, Federal Center, Box 25425, Denver, CO 
80225. Cost of the publication is $5.50. 0 

Open-file reports available 
This is just a reminder to you that the Oregon Department of 

Geology and Mineral Industries (DOGAMI) has approximately 70 
of its open-file reports available for purchase and another 20 that are 
out of print but available for in-library use. 

Please feel free to request a copy of the list of open-file reports 
from the DOGAMI Portland office. 0 
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GSA publishes Cordilleran field 
trip guides 

The Geological Society of America (GSA) has just released the 
first of the Centennial Field Guide Volumes in its Decade of North 
American Geology (DNAG) Project series. Edited by Mason L. Hill 
and entitled Cordilleran Section of the Geological Society of 
America, the 490-page book contains field trip guides to Hawaii, 
Arizona, Nevada, California, Oregon, Washington, British Colum
bia, and Alaska. 

Oregon field trip guides and their authors are as follows: 
1. Shelf and marine deposits of Late Cretaceous age, Cape Sebas

tian area, southwest Oregon; by Ralph E. Hunter and H. Edward 
Clifton. 

2. Mount Mazama and Crater Lake caldera; by Charles R. 
Bacon. 

3. Depoe Bay, Oregon; by Parke D. Snavely, Jr. 
4. Late High Cascade volcanism from the summit of McKen

zie Pass, Oregon: Pleistocene composite cones on platform of shield 
volcanoes: Holocene eruptive centers and lava fields; by Edward 
M. Taylor. 

5. Record of early High Cascade volcanism at Cove Palisades, 
Oregon: Deschutes Formation volcanic and sedimentary rocks; by 
Edward M. Taylor and Gary A. Smith. 

6. John Day Fossil Beds National Monument, Oregon: Painted 
Hills unit; by Paul T. Robinson. 

7. Columbia River Gorge: The geologic evolution of the Co
lumbia River in northwestern Oregon and southwestern Washington; 
by Marvin H. Beeson and Terry L. Tolan. 

8. The Wallowa Mountains, northeast Oregon; by William H. 
Taubeneck. 

The book, which costs $43.50, may be ordered directly from 
GSA, PO Box 9140, Boulder, CO 80301. 0 

Oregon sunstone proclaimed 
Oregon's official State Gemstone 

The Oregon sunstone has been made the official State Gemstone 
by proclamation of Governor Neil Goldschmidt and by a Joint 
Resolution of the Oregon Legislative Assembly. The Governor's 
Proclamation was signed on August 4, 1987. 

Oregon sunstones, a gem variety of the feldspar mineral group, 
occur in Lake and Harney Counties, where they are dug from the 
soil and the underlying lava flows. Feldspars generally occur in a 
large variety of rock types, usually as small crystals that are typically 
opaque with rather dull colors of white or gray; Oregon sunstones, 
however, are large, brightly colored, transparent, gem feldspars. 
Sunstone crystals as large as 3 in. have been found, and the gems 
range in color from water clear through pale yellow, soft pink, and 
blood red to deep blue and green. Some of the deeper colored stones 
have bands of varying color; a few stones show two different colors 
when viewed from different directions. Many sunstones appear to 
be perfectly transparent, but when viewed in just the right direc
tion, a pink to red metallic shimmer flashes from within the stone 
as a collection of small spots or as a mirrorlike surface. The color 
variations and the shimmer apparently are caused by different 
amounts and sizes of tiny crystals of copper metal within the stones. 

Sunstones from eastern Lake County, near Plush, have been prized 
by collectors for many years, and a free public collecting area has 
been established by the U.S. Bureau of Land Management District 
Office in Lakeview. The recent discovery of two more occurrences 
in northern and southeastern Harney County has permitted mining 
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of an increased amount of marketable gem material, and the geology 
of the area is favorable for the discovery of additionaJ deposits. The 
economic effects of sunstone collecting and mining include tourism 
and the sales of rough material, cut gems, and finished jewelry. 

The retail value of cut sunstones currently ranges from $IS to aver 
$100 per carat, with higher prices received for red, blue, or green 
colors, for larger or clearer stones, and for more elaborate cuts. A 
one-caral sunstone in a traditionaJ round brill iant cut \\QUId be about 
the size of a pencil eraser. Oregon sunstones are uncommon in their 
composition, clarity, and range of colors, and they occur in suffi
cient abundance to pennit sustained production of faceted gems. 0 

Correction 
The article "Mercury and uranium mineralization in the Clarno 

and John Day Formations" in the September issue began with a 
slightly incorrect statement: The first line of the first sentence of 
the introduction contained a superfluous "the" and lacked I'M) com
mas. The correct sentence should have read: "Occurrences of 
precious metals, mercury, and uranium have been reported from 
the Eocene to Oligocene Clarno Formation in the Ochoco and Blue 
Mountains." 

We apologize for this error. -Editor 

Glimpses of DOGAMI history 
field travel 44 years ago 

The photographs were taken during field work in Malheur County 
in 1943. Some areas near the Owyhee Reservoir were explored for 
clear calcite crystals ("Iceland spar")-a strategic commodity used 
in optical instruments such as bomb sights. Leading Department 
staff members in the field were then field geologist N.S. Wagner 
and then engineer R.S. Mason; the final report published in the June 
1943 issue of 7h~ Orr~Bifl was written by then junior geologist W.O. 
Low",. 

The Depanment vehicle (Ford V-8 panel truck) shOYlS the name 
of the Department on the door panel and a message on the side panel: 
"Boost Oregon Mineral Production." 

Certain traveling casualties were to be expected, judging from ex
amples of how access to the calcite deposits was described: 

"' Distance from the property to Dry Creek is 4.8 miles, the road, 
for the most pan, being the creek bed. Distance from Dry Creek 
to Twin Springs is 4 miles, OYer rough, highly washed road. Distance 
from Twin Springs to Vale-Burns highway [is] 26 miles over fair 
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Give us your opinion 
We are considering publishing Orrgon Geology every two months, 

rather than every month as we currently do. The cost of subscrip
tions and total number of pages published each year \\QUId remain 
the same, but the frequency of publication Vo'OUld be cut in half. 
This change \\QUId mean that each of the six issues per year would 
be twice as long, which \\QUId enable us to have more variety and 
longer articles in each issue. 

We Vo'OUld like to know what you think about this contemplated 
change befure the end of the month. Please mark the questionnaire 
below and add any comments. 
__ 1. Good ideas! I see lots of possibilities. 
_ _ 2. Seems reasonable. 
__ 3. Doesn't matter to me. 
_ _ 4. Poor idea. 
__ 5. Terrible idea. I do not like it at all. 

Comments: 

Name (optionaJ) 
Send to Beverly \bgt, Oregon Department of Geology and Mineral 

Industries, 910 State Office Building, Portland, OR mol. 0 

desert road" (N.S. Wagner, initial report, April 1943). 
Or, in another case; "The propeny may also be reached from 

Nyssa by road to Adrian (13 miles) and thence south by road IS miles 
up the Sucker Creek road. An old and possibly impassable road 
leads west to Board Corral Spring (±LS miles) and then west about 
4 miles to within 2 miles of the propeny. The claim is then 2 miles 
north. There is no trail" (W.O. Lowry, initial report, July 1943). 

Nowadays, of course, such problems are not supposed to occur 
any more. . 0 
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Oregon rock sent to Philadelphia to honor U.S. Constitution 
During the founh week of September 1987, a three-ton boulder 

of Utke County basalt was shipped from Portland to Pennsylvania, 
where, after trimming and polishing, it will be placed with rocks 
from the other 49 states in Constitution Wall in Philadelphia's In
dependence National Historic Parle The wall, which will be bordered 
by the Liberty Bell and Independence Hall, commemorates the 
bicentennial of the U.S. Constitulion. 

The Oregon rock was selected by Jeny 1. Gray. Economic 
Geologist, Oregon Department of Geology and Mineral Industries, 
because it was unjointed, unflawed, and large enough to be trimmed 
into a block for the wall-and because it contained numerous 
sunstones, Oregon's newly proclaimed gemstone. 

The rock, which originally weighed eight IOns, was transponed 
from a private mining claim on Bureau of Land Management (BLM) 
land in Lake County by Oregon Highway Division personnel super
vised by Gordon McCoy to a maintenance shop in Adel, where it 
was laboriously shaved by a h)Uraulic impact hammer down to three 
tons. Then the High'Ml)' Division trucked it to Elite Granite and Mar
ble Company in Hillsboro, who crated and prepared it for shipping. 
Finally it was shipped by truck to Philadelphia, courtesy of Chet 
Lowrey, owner of Keith's Tenninals of Portland. 

Basalt boulder, at its origifUll location on a private mining claim 
on BLM land in lAke County. 

Fint attempts to load the boulder onto a truck were unsuccessful 
because the rock \iUS too heavy. Note men trying to provide a 
counterweight at the back of the loader. EventUillfy the stone \iUS 

pushed onto the truck. 
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The boulder KUS eventually shaved to a smaller size bya hydraulic 
impact hammer mounted on an excavator. ! 

Final shape oj the basalt rock before it was crated up for ship
ment. Note vertical stripes from hydraulic impact hammer. 

Oregon's basalt rock, ready for shipment to Philadelphia. 

When the stone reaches its destination, it will be sawed and 
polished into a 2-ft by 2-ft by 4-ft block and inscribed with the oords 
"Oregon" and "February 14, 1859," the date Oregon entered the 
Union. Then it will be cemented into the wall, symbolizing the fact 
that President James Madison, author of the Constitution, once called 
the Constitution "the cemenl of the Union." 0 
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AVAILABLE DEPARTMENT PUBLICATIONS 
GEOLOGICAL MAP SERIES Price No. copies Amount 
GMS4: Oregon gravity maps, onshore and offshore. 1967 .............................................................. $ 3.00 
GMS-5: Geologic map, Powers 15-minute quadrangle, Coos and Curry Counties. 1971 ...................................... 3.00 
GMS-6: Preliminary report on geology of part of Snake River canyon. 1974 ............................................... 6.50 
GMS-8: Complete Bouguer gravity anomaly map, central Cascade Mountain Range, Oregon. 1978............................. 3.00 
GMS-9: Total-field aeromagnetic anomaly map, central Cascade Mountain Range, Oregon. 1978 .............................. 3.00 
GMS-IO: Low- to intermediate-temperature thermal springs and wells in Oregon. 1978........................................ 3.00 
GMS-12: Geologic map of the Oregon part of the Mineral 15-minute quadrangle, Baker County. 1978 .......................... 3.00 
GMS-13: Geologic map, Huntington and part of Olds Ferry 15-min. quadrangles, Baker and Malheur Counties. 1979.............. 3.00 
GMS-14: Index to published geologic mapping in Oregon, 1898-1979. 1981 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.00 
GMS-15: Free-air gravity anomaly map and complete Bouguer gravity anomaly map, north Cascades, Oregon. 1981............... 3.00 
GMS-16: Free-air gravity anomaly map and complete Bouguer gravity anomaly map, south Cascades, Oregon. 1981.. . . . . . . . . . . . . . 3.00 
GMS-17: Total-field aeromagnetic anomaly map, south Cascades, Oregon. 1981 ............................................. 3.00 
GMS-18: Geology of Rickreall, Salem West, Monmouth, and Sidney 7Ih-min. quads., Marion/Polk Counties. 1981 ............... 5.00 
GMS-19: Geology and gold deposits map, Bourne 7 1h-minute quadrangle, Baker County. 1982................................. 5.00 
GMS-20: Map showing geology and geothermal resources, southern half, Bums 15-min. quad., Harney County. 1982 ............. 5.00 
GMS-21: Geology and geothermal resources map, Vale East 7Ih-minute quadrangle, Malheur County. 1982...................... 5.00 
GMS-22: Geology and mineral resources map, Mount Ireland 7Ih-minute quadrangle, Baker/Grant Counties. 1982 ................ 5.00 
GMS-23: Geologic map, Sheridan 7Ih-minute quadrangle, Polk/Yamhill Counties. 1982 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.00 
GMS-24: Geologic map, Grand Ronde 7Ih-minute quadrangle, Polk/Yamhill Counties. 1982................. .................. 5.00 
GMS-25: Geology and gold deposits map, Granite 7Ih-minute quadrangle, Grant County. 1982................................. 5.00 
GMS-26: Residual gravity maps, northern, central, and southern Oregon Cascades. 1982...................................... 5.00 
GMS-27: Geologic and neotectonic evaluation of north-central Oregon: The Dalles I 0x2 ° quadrangle. 1982 ...................... 6.00 
GMS-28: Geology and gold deposits map, Greenhorn 7Ih-minute quadrangle, Baker/Grant Counties. 1983 ....................... 5.00 
GMS-29: Geology and gold deposits map, NE\4 Bates 15-minute quadrangle, Baker/Grant Counties. 1983 ....................... 5.00 
GMS-30: Geologic map, Sm4 Pearsoll Peak 15-minute quadrangle, Curry/Josephine Counties. 1984 ............................ 6.00 
GMS-31: Geology and gold deposits map, NWl,ii Bates 15-minute quadrangle, Grant County. 1984 ............................. 5.00 
GMS-32: Geologic map, Wilhoit 7Ih-minute quadrangle, Clackamas/Marion Counties. 1984 ................................... 4.00 
GMS-33: Geologic map, Scotts Mills 7Ih-minute quadrangle, Clackamas/Marion Counties. 1984. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.00 
GMS-34: Geologic map, Stayton NE 7Ih-minute quadrangle, Marion County. 1984........................................... 4.00 
GMS-35: Geology and gold deposits map, SW\4 Bates 15-minute quadrangle, Grant County. 1984.............................. 5.00 
GMS-36: Mineral resources map of Oregon. 1984 ...................................................................... 8.00 
GMS-37: Mineral resources map, offshore Oregon. 1985................................................................. 6.00 
GMS-38: Geologic map, NW\4 Cave Junction 15-minute quadrangle, Josephine County. 1986.................................. 6.00 
GMS-39: Geologic bibliography and index maps, ocean floor and continental margin off Oregon. 1986 . . . . . . . . . . . . . . . . . . . . . . . . . . 5.00 
GMS40: Total-field aeromagnetic anomaly maps, Cascade Mountain Range, northern Oregon. 1985 ............................ 4.00 ---C 

NEW!GMS41: Geology and mineral resources map, Elkhorn Peak 7Ih-minute quadrangle, Baker County. 1987........................ 6.00 _ 
GMS42: Geologic map, ocean floor off Oregon and adjacent continental margin. 1986 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.00 
GMS-43: Geologic map, Eagle Butte and Gateway 7 Ih-min. quads., JeffersoniWasco Co. 1987 ........ $4.00; as set with GMS-44 & 45: 10.00 
GMS44: Geologic map, Seekseequa Junction/Metolius Bench 7Ih-min. quads., Jefferson Co. 1987 ..... $4.00; as set with GMS43 & 45: 10.00 
GMS45: Geologic map, Madras West and Madras East 7Ih-min. quads., Jefferson County. 1987 ...... $4.00; as set with GMS43 & 44: 10.00 
GMS49: Map of Oregon seismicity, 1841-1986. 1987................................................................... 3.00 
GMS-50: Geologic map, Drake Crossing 7Ih-minute quadrangle, Marion County. 1986 ....................................... 4.00 
GMS-51: Geologic map, Elk Prairie 7Ih-minute quadrangle, Marion/Clackamas Counties. 1986 ................................ 4.00 

OTHER MAPS 
Reconnaissance geologic map, Lebanon 15-minute quadrangle, Linn/Marion Counties. 1956 ..................................... 3.00 
Geologic map, Bend 30-minute quad., and reconnaissance geologic map, central Oregon High Cascades. 1957...................... 3.00 
Geologic map of Oregon west of 121st meridian (U.S. Geological Survey Map 1-325). 1961 ............................... ,..... 6.10 
Geologic map of Oregon east of 12lst meridan (U.S. Geological Survey Map 1-902). 1977................ ...................... 6.10 
Landforms of Oregon (relief map, 17xl2 in.) ............................................................................ 1.00 
Oregon Landsat mosaic map (published by ERSAL, OSU). 1983 .................................... $8.00 over the counter, $11.00 mailed 
Geothermal resources of Oregon (map published by NOAA). 1982 .......................................................... 3.00 
Geological highway map, Pacific Northwest region, OregoniWashington/part of Idabo (published by AAPG). 1973 . . . . . . . . . . . . . . . . . . 5.00 
Mist Gas Field Map, showing well locations, revised 3/87 (DOGAMI Open-File Report 0-84-2, ozalid print) ...................... 5.00 
Northwest Oregon, Correlation Section 24. Bruer & others, 1984 (published by AAPG). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.00 

BULLETINS 
33. Bibliography of geology and mineral resources of Oregon (1st suppplement, 193745). 1947 ............................... . 
35. Geology of the Dallas and Valsetz 15-minute quadrangles, Polk County (map only). Revised 1964 .......................... . 
36. Papers on Foraminifera from the Tertiary (v.2 [parts VI-VIII] only). 1949 .............................................. . 
44. Bibliography of geology and mineral resources of Oregon (2nd supplement, 1946-50). 1953 ............................... . 
46. Ferruginous bauxite deposits, Salem Hills, Marion County. 1956 ...................................................... . 
53. Bibliography of geology and mineral resources of Oregon (3rd supplement, 1951-55). 1962 ................................ . 
61. Gold and silver in Oregon. 1968 ................................................................................. . 
65. Proceedings of the Andesite Conference. 1969 ..................................................................... . 
67. Bibliography of geology and mineral resources of Oregon (4th supplement, 1956-60). 1970 ................................ . 
71. Geology of selected lava tubes, Bend area, Deschutes County. 1971 ................................................... . 
78. Bibliography of geology and mineral resources of Oregon (5th supplement, 1961-70). 1973 ................................ . 
81. Environmental geology of Lincoln County. 1973 .................................................................... . 
82. Geologic hazards of Bull Run Watershed, Multnomah and Clackamas Counties. 1974 ..................................... . 
85. Environmental geology of coastal Lane County. 1974 ............................................................... . 
87. Environmental geology of western Coos and Douglas Counties. 1975 .................................................. . 
88. Geology and mineral resources, upper Chetco River drainage, Curry and Josephine Counties. 1975 ......................... . 
89. Geology and mineral resources of Deschutes County. 1976 ........................................................... . 
90. Land use geology of western Curry County. 1976 .................................................................. . 
91. Geologic hazards of parts of northern Hood River, Wasco, and Sherman Counties. 1977 .................................. . 
92. Fossils in Oregon. A collection of reprints from the Ore Bin. 1977 .................................................... . 
93. Geology, mineral resources, and rock material of Curry County. 1977 ................................................. . 
94. Land use geology of central Jackson County. 1977 ................................................................. .. 
95. North American ophiolites (IGCP project). 1977 .................................................................... . 
96. Magma genesis. AGU Chapman Conference on Partial Melting. 1977 .................................................. . 
97. Bibliography of geology and mineral resources of Oregon (6th supplement, 1971-75). 1978 ................................ . 
98. Geologic hazards of eastern Benton County. 1979 .................................................................. .. 
99. Geologic hazards of northwestern Clackamas County. 1979 .. < ....................................................... .. 

100. Geology and mineral resources of Josephine County. 1979 ........................................................... . 
101. Geologic field trips in western Oregon and southwestern Washington. 1980 ............................................. . 
102. Bibliography of geology and mineral resources of Oregon (7th supplement, 1976-79). 1981 ................................ . 
103. Bibliography of geology and mineral resources of Oregon (8th supplement, 1980-84). 1987 ................................ . 

OREGON GEOLOGY, VOL. 49, NO. 10, OCTOBER 1987 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 

17.50 
10.00 
3.00 
5.00 
3.00 
9.00 
6.50 
9.00 
9.00 
4.00 
6.50 
9.00 
8.00 
4.00 
7.00 
9.00 
7.00 

12.50 
3.00 
9.00 

10.00 
9.00 
9.00 
4.00 
7.00 

131 



OREGON GEOLOGY 
910 State Office Building, 1400 SW Fifth Avenue, 
Portland, Oregon 97201 

Klaus K. Neuendorf 
1933 Rockland Drive NW 
Salem, OR 97304 

Second Class Matter 
POSTMASTER: Form 3579 requested 

1EUOOOO 

AVAILABLE DEPARTMENT PUBLICATIONS (continued) 
MISCELLANEOUS PAPERS 

I. A description of some Oregon rocks and minerals. 1950 .............................................................. $ 
5. Oregon's gold placers. 1954 .................................................................................... . 
8. Available well records of oil and gas exploration in Oregon. Revised 1982 ......... .' ................................... . 

II. Collection of articles on meteorites (reprints from Ore Bin). 1968 ..................................................... . 
15. Quicksilver deposits in Oregon. 1971 ............................................................................. . 
19. Geothermal exploration studies in Oregon, 1976, 1977 ............................................................... . 
20. Investigations of nickel in Oregon. 1978 .......................................................................... . 

SHORT PAPERS 

Price No. copies Amount 
1.00 
1.00 
4.00 
3.00 
3.00 
3.00 
5.00 

21. Lightweight aggregate industry in Oregon. 1951 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I. 00 
24. The Almeda Mine, Josephine County. 1967......................................................................... 3.00 
25. Petrography of Rattlesnake Formation at type area, central Oregon. 1976................................................ 3.00 
27. Rock material resources of Benton County. 1978 ... .... .. ............................ ........................... .... 4.00 

SPECIAL PAPERS 
2. Field geology, SW Broken Top quadrangle. 1978.................................................................... 3.50 
3. Rock material resources, Clackamas, Columbia, Multnomah, and Washington Counties. 1978............................... 7.00 
4. Heat flow of Oregon. 1978 ...................................................................................... 3.00 
5. Analysis and forecasts of the demand for rock materials in Oregon. 1979.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.00 
6. Geology of the La Grande area. 1980.............................................................................. 5.00 
7. Pluvial Fort Rock Lake, Lake County. 1979 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.00 
8. Geology and geochemistry of the Mount Hood volcano. 1980.......................................................... 3.00 
9. Geology of the Breitenbush Hot Springs quadrangle. 1980............................................................. 4.00 

10. Tectonic rotation of the Oregon Western Cascades. 1980.............................................................. 3.00 
II. Theses and dissertations on geology of Oregon: Bibliography and index, 1899-1982. 1982.................................. 6.00 
12. Geologic linears of the northern part of the Cascade Range, Oregon. 1980............................................... 3.00 
13. Faults and lineaments of the southern Cascades, Oregon. 1981......................................................... 4.00 
14. Geology and geothermal resources of the Mount Hood area. 1982................................ ...................... 7.00 
15. Geology and geothermal resources of the central Oregon Cascade Range. 1983 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11.00 
16. Index to the Ore Bin (1939-1978) and Oregon Geology (1979-1982). 1983............................................... 4.00 
17. Bibliography of Oregon paleontology, 1792-1983. 1984............................................................... 6.00 

OIL AND GAS INVESTIGATIONS 
3. Preliminary identifications of Foraminifera, General Petroleum Long Bell #1 well. 1973 ................................... 3.00 
4. Preliminary identifications of Foraminifera, E.M. Warren Coos County 1-7 well. 1973 .................................... 3.00 
5. Prospects for natural gas, upper Nehalem River Basin. 1976........................................................... 5.00 
6. Prospects for oil and gas, Coos Basin. 1980 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.00 
7. Correlation of Cenozoic stratigraphic units of western Oregon and Washington. 1983 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.00 
8. Subsurface stratigraphy of the Ochoco Basin, Oregon. 1984 .............................. .... ...... .. ...... .. .. ....... 7.00 
9. Subsurface biostratigraphy, east Nehalem Basin. 1983 ................................. .. .. .. .. .. .. .. .. .... .. ......... 6.00 

10. Mist Gas Field: Exploration and development, 1979-1984................................ .. .. .. .. .. .... .... .. ......... 4.00 
II. Biostratigraphy of exploratory wells, western Coos, Douglas, and Lane Counties. 1984 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.00 
12. Biostratigraphy of exploratory wells, northern Willamette Basin, 1984................................................... 6.00 
13. Biostratigraphy of exploratory wells, southern Willamette Basin. 1985................................................... 6.00 
14. Oil and gas investigation of the Astoria Basin, Clatsop and north Tillamook Counties, 1985 ................................ 7.00 

MISCELLANEOUS PUBLICATIONS 
Mining claims (State laws governing quartz and placer claims) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.00 
Back issues of Ore Bin .. ........................................................................ 50C over the counter; $1.00 mailed 
Back issues of Oregon Geology . .................................................................. 75C over the counter; $1.00 mailed 
Index map of available topographic maps for Oregon published by the U.S. Geological Survey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.50 

Separate price lists for open-file reports, geothermal energy studies, tour guides, recreational gold mining information, and non-Departmental maps and reports will 
be mailed upon request. The Department also sells Oregon topographic maps published by the U.S. Geological Survey. 

PUBLICATIONS ORDER 
Fill in appropriate blanks and send sheet to Department. 
Minimum mail order $1.00. All sales are final. Publications are sent 
postpaid. Payment must accompany orders of less than $50.00. Foreign 
orders: Please remit in U. S. dollars. 

NAME _______________ _ 

ADDRESS ______________ _ 

_____________ ZIP ___ _ 

Amount enclosed $ 
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