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PALEONTOLOGICAL TIME CHART FOR OREGON 

ERA 

I 

PERIOD EPOCH CHARACTERISTIC PLANTS AND ANIMALS AGE* 

HOLOCENE Plant and animal remains: unfossilized. 
".11-

Mastodons and giant beavers in Willamette Valley. 
PLEISTOCENE Camels and horses in grasslands east of Cascade Range. >-

Fresh-water fish in pl�vial lakes of south-central Oregon. "" <( ?-3-z: "" 
Sea shell animals along Curry County coast. LU >--
Horses, camels, antelopes, bears, and mastodons in grass-<( ::::> 

PLIOCENE lands and swamps east of Cascade Range. 0' 
Oaks, maples, willows in Sandy River valley and rhe Dalles 

area. 
12-

Sea shell animals, fish, whales, sea lions in coastal bays. 
Horses ( Merychippus ) , camels, Creodonts, rodents in John 

u MIOCENE Day valley. 
� 

Forests of Metasequoia, ginkgo, sycamore, oak, and sweet 0 N 0 gum in eastern and western Oregon. z: LU 26-u 
Abundant and varied shell animals in warm seas occupying 

>- Willamette Valley. "" OLIGOCENE Three-toed horses, camels, giant pigs, saber-tooth cats, ;:; Creodonts, tapirs, rhinos in centra 1 Oregon. >--"" Forests of Metasequoia, ginkgo, sycamore, Katsura. LU >-- 37-
Tiny four-toed horses, rhinos, tapirs, crocodiles, and 

Brontotherium in central Oregon. 

EOCENE 
Variety of shell animals in warm seas covering most of 

western Oregon. 
Subtropi ca 1 forests: Palms, figs, avocados, pecans, 

walnuts, and ferns in central Oregon. 

60= 
Ammonites, Trigonia, Inoceramus, and many other shell 

CRETACEOUS animals in seas extending into eastern Oregon. 
Tree ferns ( Tempskya ) on land areas. 

u 136-
0 Brachiopods, ammonites, gastropods, nautiloids in seas 
N 

JURASSIC 
in central Oregon. 0 Vl Marine reptiles on southern coast and in central Oregon. LU ::E Tree ferns, cycads, ginkgos, and conifers on land areas. 

195-
TRIASSIC 

Sponges, corals, ammonites, gastropods, nautiloids in 
seas of central Oregon. 

25-
PERMIAN Limestone reefs, fusulinids in seas of centra 1 Oregon. 

280-
CARBONIFEROUS 

Brachiopods and corals in seas of central Oregon. 
Ferns, Calamites on land areas in central Oregon. 345-

u DEVONIAN Corals and bryozoans in seas of central Oregon. 

0 395-N 0 
PRE-DEVONIAN No recognizable fossils. LU ...J <( 

c.. 

*in millions of years 

i i 
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INTRODUCTION 

This booklet contains 22 articles on fossils published in 
The ORE B IN between 1954 and 1976: 11 are about fossil plants; 
6 are about fossil animals; and 5 describe fossil localities. No 
articles on microfossils are included. 

Most of the articles are reprinted in their original form. 
Exceptions are those in the old format, which have been arranged 
here to fit the present ORE B IN page size. 

The older articles in this collection have been slightly re
vised to conform to present-day spellin g and usage of formation 
names, and some new data and references have been added. Special 
attention has been given the report on the fossil localities of 
the Sunset Highway area because of the proximity of these local
ities to Portland and the large number of people who visit them. 
Most of the Sunset Highway localities were re-examined, and the 
descriptions were updated to make that article more useful. 

Information about fossil localities in the Eugene area was 
made current through the assistance of Dr. Ewart Baldwin, Uni
versity of Oregon. In addition, some of the information on the 
Salem-Dallas area was revised. 

It was not practical to visit all of the specific localities 
mentioned in these articles; it is probable that some no longer 
exist; highway construction, urban development, weathering, and 
over-zealous digging by fossil hunters have taken their toll on 
many of the outcrops. In some cases, fossil sites once access
ible to the public are now posted as private property, and per
mission to enter must be obtained from the owner. 

iv 

M. L. Steere 
Geologist 
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REPRINTED FROM 
The ORE BIN 
Vol. 22, no.  7, p .  65-69 
July 1960 

FOSSIL WOODS OF THE  THOMAS CREEK AREA, 
LINN COUNTY, OREGON 

By Wallace Eubanks* 

Id e n t i fying F o s s i l  W o o d s  

The purposes of identifying fossil woods ore to aid i n  geological 
doting; to verify and supplement identification of fossil leaves, fruits, and 
flowers; to trace the movement of plant associations through time and 
across land areas; and to satisfy the curiosity of man. 

Fossil wood, to be identifiable, must show clear and undistorted 
cell structure. Much of the fossil wood commonly collected in Oregon 
shows poor structure because the cells hove been either crushed during 
geological chol'!ges in the earth or destroyed by chemical processes. In 
general, the ordinary grey-brown woods of western Oregon, as well as the 
block carbonized woods, hove good cell structure. But most of the color
ful eastern Oregon woods, which ore usually highly ogotized or opolized, 
hove lost their identifiable characteristics. The wood best suited to polish
ing is usually the poorest for identification. 

It should be pointed out at the start that identification of fossil woods 
is based entirely on comparison with living woods. No book on fossil
wood identification has os yet been published. Identifying fossil woods is 
o painstaking job ond sometimes frustrating because many fossil woods have 
no exact living counterpart. Furthermore, they lock the useful character
istics of living woods, such os weight, color, odor, taste, and hardness. 

Since the system of plant classification and nomenclature established 
for living plants is also used for fossil plants, standard textbooks of botany 
will supply this basic information. In addition, books on living woods will 
furnish detailed descriptions of wood anatomy and nomenclature (see bib-
1 iogrophy) . 

Although it is possible, with a little practice, to recognize a few 
types of fossil woods without a microscope, comprehensive work requires 
magnification ranging from 30 to 400 power. The reason for this is that 
woods are differentiated on the basis of certain cell types and arrangements, 

*Supervisor, Timber Section, Assessment and Appraisal Div. ,  Oregon 
Dept. of Revenue 
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and these features ore visible only under considerable magnification. For 
example, the woods of Acer {maple) and Cornus (dogwood), which ore very 
similar, con be distinguished only by examining the cells of the rays. Like
wise, Pinus (pine) and Piceo (spruce), which also look very much alike, 
con be distinguished only by observing the nature of the epithelial cells 
around the resin ducts. 

In order to study the features of fossil wood with o microscope, it is 
first necessary to prepare thin sections of the three standard views of wood 
structure, namely, the cross, radial, and tangential sections (Figure 1). 
Orienting the cuts to obtain these three views of the cell structure is the 
most difficult port of making the thin sections. The cut sections ore ground 
to a thickness of only one or two cells so that light will pass through and 
the details of each kind of cell will be mode visible. All three views ore 
then placed on one slide. 

The next step is to determine whether the wood is hardwood or con
ifer by inspecting it under low magnification (Figure 2). After this distinc
tion has been mode, the minute detoi Is of cell arrangement ore studied 
under the microscope. For most hardwoods, a microscope with 150 power 
is adequate, but for conifers, 350 to 400 power is necessary for observation 
of the cross-field pitting. 

By means of keys to the features of wood anatomy, together with 
published descriptions and photomicrographs of known woods, it is possible 
to arrive at on identification of a particular piece of fossil wood. As o 
general rule, however, fossil-wood identification is limited to determina
tion of genera only. 

F o s s i l  Wo o d s  o f  t h e  T h o m a s  Cr e e k  A r e a  

The Thomas Creek area includes the Thomas Creek drainage and the 
Jordon Creek drainage above the confluence of those two streams in Ts. 9 
and 10 S . ,  Rs. 1 and 2 E., Linn County, Oregon (see mop). 

Fossil wood in this area is unique in that most of it is in place where 
it grew some thirty million years ago. Many stumps and logs ranging from 
1 to 4 feet in diameter ore imbedded in tuff exposed by erosion of the 
covering material. Some are carbonized while others are silicified or 
portly opalized. The stumps and logs occur os single scattered specimens 
and also in groups of two or three. In the bed of Thomas Creek there is 
one unusual group of 17 stumps. 

A study of the fossi I woods in this a reo has revealed 1 3  genera, 3 of 
which are conifers (Pinus, Sequoia, and Tsuga), while the remainder are 
hardwoods. They are listed below in alphabetical order with the common 
names added • 

4 



Cron S.ection Rodiol Section r,...ntiol Section 

FIGutE 1: ·Three standard views of Plotonu1 (sycamore) wood1 o) onnuol growth; 
b) veuel; c) fib•r; d) multiseri a t e roy. 

Hordwood 

FIGURE 2t ... Crou sections of typlc:ol conifer and hardwood: o) annual grow t h; 
b) veue l; c) f i ber; d) multi,eriote roy; e) parenchyma. 
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l. Alniphyllum-(Japanese) 
2. Carpinus-hornbeam 
3. Carya -hickory 
4. Cinnamomum-cinnamon 
5. Diospyros -persimmon 
6. Fagus -beech 

7. Fraxinus - ash 
8. Pinus -pine 
9 .  Platanus -sycamore 

l 0. Quercus - oak 
1 1, Reptonia -gorgura (Indian) 
12.  Sequoia -redwood 
13. Tsugo-hemlock 

In addition to the genera listed, several other kinds of wood were 
found that could not be identified because of poor cell structure or because 
of lock of comparable living woods. Most of these ore .believed to be 
conifers. 

The most abundant fossil woods In the Thomas Creek area are Sequoia 
and Platanus. Indeed, it is a rare plant locality in western Oregon that 
does not produce these two woods. It should be noted, however, that the 
specimens of fossil wood identified as Sequoia may be instead Metasequoia, 
or down redwood, as the distinctive needles and cones of Metasequoia are 
frequently found in the fossil leaf beds of this region. The living woods of 
these two trees ore nearly identical, and the fossil forms ore rarely distin
guishable. Although ginkgo leaves occur in the area, no fossil ginkgo 
wood was found among the identifiable material. 

STAYTON 
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A significant change has occurred in the forests of the Thomas Creek 
area since the time when the fossil plants were growing there. Of the 
genera listed above, only ash, ook, and hemlock ore now present in the 
Thomas Creek area; the remainder grow in other regions, some very distant. 
Metasequoia, the fossil remoins of which are abundant in Oregon, lives 
today only in remote parts of Chino. Sequoia, or coast redwood, a common 
fossil in the western margin of the Cascade Ronge of Oregon, now grows 
only in the fog belt of northern California and extreme southwestern Ore
gon. The majority of the hardwoods listed now live in warm-temperate to 
semitropical climates, although there is considerable latitude in their 
natural habitat, depending on species. As o whole, the fossil woods of 
the Thomas Creek area indicate a mild, moist climate averaging somewhat 
wormer than at the present time. 

Smith ( 1 958) has studied the geology of port of the Thomas Creek 
area and has mapped the plant-bearing tuff as port of the Mehama Forma
tion of Oligocene to Miocene age. His dating was based on fossil leaf 
assemblages and stratigraphic relationships of the rocks. The present study 
of the fossil woods offers no reason to dispute this age interpretation. 
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United States, McGraw-Hill Book Company, Inc., New Yoric. 

Chaney, Rolph W., 1 948, Ancient forests of Oregon, Oregon State System 
of Higher Education, Condon lecture. 

Jane, F. W., 1 956, The structure of wood, Adam and Charles Block, Ltd., 
london, England. 

Konchira, R., 1 939, Atlos ofFormoson timbers, Government ofTaiwan 
Forest Exp. Sta. 

Kribs, D. A., 1 959, Commercial foreign woods on the American market, 
Edwards Bros., Ann Arbor, Mich. 

Metcalfe, C. R ., and Chalk, l., 1 950, Anatomy of the dicotyledon, 
Oxford University Press, Oxford, England, 2 vol. 

Pearson, R. S., ond Brown, H. P., 1932, Commercial timbers of India, 
Government of Indio. 

Sanborn, Ethel, 1 947, The Scio flora of Western Oregon, Oregon State 
College Monograph, Studies in Geology No. 4. 

Smith, Raymond 1., 1 958, The geology of the northwest port of the Snow 
Peak quadrangle, Oregon, Oregon State College master's thesis. 

Willis, J. C., 1925, Dictionary of flowering plants and ferns, Macmillan 
Company, New York. 
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REPRINTED FROM 
The ORE BIN 
Volume 28, no. 10, p. 173-181 
October 1966 

FOSSIL WOODS SUPPLEMENT KNOWLEDGE 
OF THE SUCCOR CREEK FOSSIL FLORA 

By Wallace Eubanks* 

The nome Succor** Creek implies an area rich in fossi l  flora. It is, of 
course, the name of a drainage which arises partly in Idaho, flows in a 
northerly direction along the state line in Malheur County, Oregon, and 
finally crosses into Owyhee County, Idaho, where it �mpties into the S noke 
River (figure 1 ) .  The name Succor Creek also carries with it the associ
ation of other names such os Rockvil le  School, McKenzie Ranch, Specimen 
Ridge, Fenwick Ranch, and Owyhee Reservoir, which in the past hove been 
landmarks for the important fossi I beds. 

T h e  Su c c o r  C r e e k  Fo r m a t i o n 

The areas mentioned above are located within Miocene lake-bed sedi
ments which crop out all along Succor Creek and are wide spread i n  the 
general area. These beds were named the Payette Formation by Lindgren 
(1900), and they retained this nome for many years, but they are now re
ferred to as the Sucker (Succor) Creek Formation (Kittleman, 1962; Kittle
man and others, 1966; Baldwi n, 1964; a nd Corcora n, 1965). This is the 
oldest Tertiary rock unit exposed i n  these parts of Oregon and Idaho. 

The Succor Creek Formation consists of a thick series of tuffaceous sedi
ments which ore principally fine grained, thin bedded, and nearly white. 
In some areas, coarser tuffs of brown, yellowish, or greenish color ore com
mon. Basalt and rhyolite dikes and flows, also present within the series, 
evidently poured out during the deposition of the lake beds. 

The age of the Succor Creek Formation is considered to be middle to 
late Miocene on the basis of fossil plants and vertebrates. Chaney and 
Axelrod (1959) and Graham (1962) correlate the leaves, fruits, and pollen 

*Supervisor of Timber Section, Oregon State Tax Comm . ,  Solem, Oregon. 
** Phil Broga n, Chairman of the Oregon Geographic Names Boord, reports 
that "Succor" Creek is now official. Action reversing the earlier official 
spelling, "Sucker" Creek, was token by the U.S. Boord on Geogra phic 
Names in the spring of 1 966 on recommendation of the Oregon Geogra phic 
Names Board, following considerable historical research. The reversal was 
one of the few ever made by the national board. 
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Fi gure 1. Index map of the Succor Creek area, Oregon-Idaho, showing 
fossil wood locale from which specimens were collected for study. 

with those of the Mascall Formation of middle to upper Miocene oge. 
Scharf (1935) concludes that the fossi I vertebrates found in the lake beds 
are also generally equival ent to those in the Mascall Formation, and he 
assigns the strata to the middle Miocene or perhaps the early part of the 
late Miocene. 
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S t ud i e s  o f  t h e  F o s s i l  P l a n ts 

Flora of the Succor Creek area first became known through Knowlton's 
study of Lindgren's collections {Lindgren, 1900). In  Lindgren's report 
{p.  97-98), Knowlton lists more than o dozen types of fossil leaves. Since 
that time Chaney (1922), Berry {1 932), Brooks (1 935), Arnold {1936, 1937), 
and Smith {1938, 1 940) gathered material from various parts of the Succor 
Creek area and analyzed it. A more recent work by Chaney and Axelrod 
(1959) presents a systematic study and correlation of the Miocene fossi I 
floras of the Columbia Plateau, incl uding the Succor Creek flora. 

The most recent and the most comprehensi ve study of the S uccor Creek 
flora is by Alan Graham {1962) for a doctoral dissertation. Graham gath 

ered new specimens and analyzed them along with the previous col lections 
and concl usions made by earlier workers. In addition to work with leaves, 
flowers, and fruits he made use of many thousands of pollen and spores to 
aid in identifying the various plants. As a result of this study, several plant 
types were renamed and new ones were added to the list. The trees and 
shrubs totaled 47 genera with 67 species. In  addition several herbs, grasses, 
and ferns were found i n  the flora. 

A summary of the tree and shrub genera from Graham is given below , 

with common names in parentheses. Some Asiatic forms hove no common 
names in English. 

Abies (white fir) 
Acer (maple) 
Alnus (alder) 
Ai I on thus {tree of heaven) 
Amelonchier {serviceberry) 
Arbutus {madrone) 
Betula (birch) 
Castanea (chestnut) 
Caryo (hickory) 
Cedrela (cedar) 
Crataegus (hawthorn) 
Cornus (dogwood) 
Diospyros (persimmon) 
Ephedra 
Fagus (beech) 
Fraxinus (ash) 
Ginkgo (ginkgo) 
Glyptostrobus 
Gymnocladus (coffee tree) 
Hydrangea 
llex (holly) 
Juglans (walnut) 
Lithocarpus (tanbark oak) 

Mahonia 
Magnolia (magnolia) 
Nyssa (gum) 
Oreopanax 
Ostrya (hop hornbeam) 
Pi nus (pine) 
Platanus (sycamore) 
Populus (cottonwood) 
Pte lea 
Pi ceo (spruce) 
Pterocorya 
Persea (avocado) 
Pyru s (pear) 
Quercus (oak) 
Sassafra s (sassafras) 
Symphori carpus (snow berry) 
Shepherdia 
Salix (wi I I  ow) 
Thuja (cedar) 
Ti lia (basswood) 
Tsuga (hemlock) 
Ulmus (elm) 
Zelkova 



These genera ore represented by I ivi ng trees and shrubs of three sepa
rate geographic regions. The principal group is found in the Appalachian 
Mountains of the eastern United States . Genera such as Coryo, Fagus, 
Gymnocladus, Ostryo, Tilia, and Ulmus are now living in the eastern for
ests. Another group is represented by trees growing along the western slopes 
of the Cascade Mountains. This group includes Abies, Pinus, Quercus, 
Lithocorpus, and Pi ceo. The third group is mode up of plants currently 
found in Asia, such as in certain provinces of China. Examples are Ginkgo, 
Glyptostrobus, Ailanthus, and Zelkova. 

These plant associations reveal the fact that the fossil flora of this 
period grew i n  locations which ranged from swamp to rocky mountain sides 
with considerable difference in elevation, and in a climate which varied 
from a winter low of 30" to summer highs of about 900. Annual rainfall 
was probably on the order of 50 to 60 inches and well distributed through
out the year. The trees such as Cedrela and Oreopanax show that sub
freezing temperatures occurred rarely. 

A n a ly s i s  o f  S u c c o r  C r e e k  W o o d s  

A study by the author i n  1 960-1961 of fossil wood structure and identi
fication of woods from one portion of the Succor Creek area was made in 
order to supplement the knowledge of the flora as determined previously 
from leaves and fruit. Specimens were gathered at the head of a branch of 
Succor Creek at a spot in Idaho about one mile southeast of the crossing of 
U . S .  Highway 95 with the state border (see figure 1). 

This particular area has been the source of black, opalized wood en
cased in a white matrix. Rockhounds hove mined several acres of the de
posits in search of the material .  However, misce l laneous pieces of wood 
not suitable for the collectors' purpose were more satisfactory for the study 
of wood structure. These pieces ranged i n  size from several hundred pounds 
to pieces of perfectly preserved twigs only an eighth of an i nch in diameter. 
Wood structure of many specimens is excel lently preserved, even to the de
tai ls which are visible only at 200 magnification and greater. 

The study of Succor Creek woods revealed that there is a considerable 
correlation between the genera identified from the leaves and fruits and gen
era identified from the wood structure. The wood, of course, did not yield 
all the different genera represented by the leaves, perhaps because thewood 
was more difficult to preserve than the leaves and perhaps because the wood 
sampled is not representative of as wide an area as the leaves, which could 
have been carried by the wind and water for long distances. One outstand
ing lack of wood genera is the oak or Quercus. Usually a fossil wood lo
cality wil l  yield oak if it is at all present. Perhaps it was just a quirk of 
fate that the author did not find a piece in that particular location. 

Genera established through study of wood structure ore as follows: 
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Acer (maple) 
Alnus (older) 
Arbutus (modrone) 
Betula (birch) 
Costonopsi s (chi nquopi n) 
Celtis (hackberry) 
Evodio 
Froxinus (ash) 

Pinus (pine) 
Platanus (sycamore) 
Popu Ius (cottonwood) 
Prunus (wild cherry) 
Sequoia (redwood) 
Ulmus (elm) 
Umbellulorio (laurel) 

Of these the Costonopsis, Celtis, Evodio, Prunus, Sequoia, and Um
bellulorio do not correspond to the genera named from the studies by Chaney 
and Axelrod (1959) and Graham ( 1962). However, all of these exceptEvo
dio ore found in other portions of fossil forests of the Miocene epoch in 
Oregon. 

It is not possible to determine species through fossil wood structure as 
it is from leaves and fruit or pollen, because many species of one genera 
having quite different leaves and fruits will hove wood structure so similar 
that it is not practical to distinguish between them in the fossils. Conse
quently, in the above list only the genera ore given. Woods not identifi
able were also found in this location and perhaps future study will add to 
the list. 

It is interesting to note that trees of post geological ages were also in
fected with insects, borers, and fungi as evidenced by the work of all three 
found in the fossi I sompl es. 

Me t h o d  f o r  I d e n t i f y i n g  F o s s i l  W o o d  

Identification of trees b y  consideration of the wood is achieved through 
study of the cellular composition and arrangement within the wood. To the 
casual observer, or even to the cabinet maker and others fomi I ior with the 
use of wood, it appears to be only o solid moss of fibres. With live woods 
the qualities of hardness, color, odor, and pattern of groin ore opporent 
and are the means by which many people distinguish different kinds of wood. 

Actually, wood is mode up of many types of cells in many variations 
of arrangement. It is the systematic classification and knowledge of these 
variations that enable the identification of trees to be mode through the 
structure of wood. This information concerning structure has been set up 
in the form of keys and lists for many of the trees and larger shrubs of the 
world. However, no such listing is available for fossil woods alone. Fossils 
ore usually identified by relating them to living plants. By correlating the 
structure of fossil plants with the structure of living plants which ore classi
fied and named under uniform international rules, it is possible to achieve 
identification of the fossi Is even though they ore several mi Ilion years old. 

In working with woods from the Oligocene, Miocene, and more recent 
epochs, it is not difficult to correlate the structure with present-day live 
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Transverse view 

Tangential view 

/ 
/ 

/ 
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Figure 2. Sketch of tree stump and enlarged wedge of wood removed from 
it to show proper orientation of sections for microscopi c identification. 

woods. With wood from older geological periods, however, difficulty is 
experienced with correlation because of the greater changes in the plant 
structures during those millions of years. 

Study of the minute structure of fossil woods from the Succor Creek 
area was mode with polished pieces and by thin sectioning. Thin sections 
are made from the fossils by cutting very thin slices -- a sixteenth of an 
inch in thickness or less -- from properly oriented faces of the piece (fig
ure 2). These slices are then polished on one side, fastened to a mice
scope slide glass, and ground on a small lap or by hand until the light passes 
through the material and the cell structure becomes visible through the mi
croscope. This technique is fairly simple for the hard, opalized or agatized 
woods but other techniques must be employed for the soft carbonized ma
terial . 

By using the hand lens and microscope, the cell structure of the woods 
can be studied and the characteristics listed by standard definitions and 
terminology set up by the International Association of Wood Anatomists. 
After listing the characteristics of anatomy of each of the woods, a search 
is made of classified characteristics of live woods to find a correlation of 
I ive to fossi l .  The woods are considered to be simi lor if most characteris
tics correspond and none of the most important ones disagree. 

An example may be mode of the wood, Prunus -- one of the types 
found in the Succor Creek area. The thin section of this wood was 
made to show the tangential, radial, and transverse views of the struc
ture (figure 3). Upon study of the wood by microscope, the following 
characte.-istics were listed: 
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A. TRANSVERSE VIEW 
approx. X 60 

Fiber cells 

-.':. --

B. RADIAL VIEW 
approx. X 90 

Vessel with spiral 
thickenings 

.U/!1.�11-:- Simple perforation 

lntervessel pi Is 

C. TANGENTIAL VIEW 
approx. X 90 

plate 

Figure 3.  Microscopic structure of  fossi l  Prunus from Succor Creek area. 

Transverse view (figure 3-A) 

Pore arrangement diffuse to semi -diffuse with pores small and indistinct 
to the naked eye. Those at the beginning of the growth season slightly 
larger than the late-year pores and aligned in a more or less uniseriate raw, 
otherwise fairly evenly distributed. Growth rings are fairly distinct. 
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Parenchyma is not visible. Rays are plainly visible to the naked ey e, ore 
os wide os the vessels and occasionally wider. This piece of wood had trau
matic r esin ducts in o long, tangential string which did not show in the par
ticular thin section. 

Tangential view (fi gur e 3-B) 

Rays not storied, 2 to 4 seriote, mostly 3 seriate, homogeneous to h et
erogeneous type I l l ;  spiral thickening present in vessels; intervessel pits 
very smal l ,  crowded, orbicular; fibres not storied, not septate. 

Radial vi ew (figure 3-C) 

Perforation plates simple; roys verifi ed os to type; presen ce of spiral 
thickening in vess els verified. 

A systematic check of these characteristics with the keys showed that 
the fossil wood agreed closely with the l i ving Prunus, especially the North 
Ameri can representative of the genera. No significant differences between 
the fossil ond l i ve wood structures could be determined. 

S u m m a r y  

The writer has studied fossi I woods from lake beds in the Succor Creek 
Formation and has added six genera of trees to the Su ccor Creek flora list. 
Previous wor kers based their studies on l eaves, fruits, and pollen. Identi
fication of the wood was done by examining thin sections under high magni
fication and compa ring growth st ru ctures with those of l i ving woods. 
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The Fossil Woods near Holley in the 
Sweet Home Petrified Forest, Linn County, Oregon 

By Irene Gregory* 

I n t r o d u c t i o n  

Scattered deposits of Tertiary fossil (petrified} woods ore to be found tluoug,out most 
of the Western Cascades adjoining the eastern side of Oregon's Willomette Valley, 
but those deposits making up the area known as the Sweet Home Petrified Forest in 
linn County ore among the most abundant and well known. 

The abundance of the area's fossil wood is evident even to the casual traveler. 
It may be seen crushed or as fill in driveways, in fences and retaining walls, and in 
decorative garden work. larger pieces -- stumps c..1d logs -- mark driveway entrances 
and hold up mailboxes; born floors have been built of it and abandoned wells filled 
with it. Form people of an earlier day considered it o great nuisance -- a feeling 
perhaps carried over, justifiably, by today's landowners at times harried by ovid 
rock hunters. 

Of particular interest to the author is o small area near Holley which has yielded, 
and which still contains, much significant paleobotanical material in the form of al
most perfectly preserved and exquisitely detailed silicified fossil woods with much 
variety as to species. This small area is on the J. J. Marker ranch (SW! sec. 12, 
T. 14 S . ,  R. 1 W . )  located 5 miles by road east of the town of Holley in linn County, 
Oregon. This is the locality with which we ore mainly concerned in this report 
(figure 1). 

It has seemed appropriate to undertake a study of this fossil wood location an the 
Marker ranch, since it and much of the adjacent land will be flooded eventually by 
impoundment of the waters of the Calapooia River behind a dam at Halley. The dam, 
which is in the planning stage by the U . S .  Corps of Engineers, would raise the waters 
in the reservoir to the 694-foat contour. The present elevation of the Calapooia at 
the dam site is about 540 feet. A preliminary mop drawn up by the U . S .  Engineer 
District, Portland, shows that our collecting area will be included within this maxi
mum pool boundary (figure 2). 

Although the main purpose of this report has been to describe the fossil woods at 
the Marker ranch and theorize on their origin, it seemed appropriate to add a section 
on wood identification. Because of the wide interest in fossil wood and the lack of 
published information on identifying it without the aid of a high-powered microscope 

*Mrs. J. M. Gregory is o paleobotanist and on authority on fossil wood 
anatomy .  
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Figure 1 .  Index map of the Holley-Sweet Home area, showing 
location of the collecting site. 

ond technical training, it was felt that a summary of pointers on how to recognize 
some of the fossil woods in the Sweet Home crea on the bosis of gross anatomy would 
be useful to the omoteur. 
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Fo s s i l  W o o d  S t u d i e s  a s  Appli e d  t o  t h e  Ar e a  

Published paleobotanical records of fossil wood in the Sweet Home area ore 
scarce. Hergert and Phinney (1954) report specimens of o vessel-less angiosperm and 
describe and figure Trochodendroxylon beckii as the type of the new form genus Tro
chodendroxylon. Richardson (1 950), in o master's thesis on the Sweet Home Petrified 
Forest, records several localities with trees petrified in situ. Beck (1944) has re
ferred to the Iorge number and exotic character of unidentified woods at Sweet Home 
and e.xpresses himself as "completely ot o loss to account for them." But in no case 
has the fossil wood flora, as such, been described. 

G e o lo g i c  S tu d i e s  os App l i e d  t o  t h e  A r e a  

The most comprehensive geologic study depicting the stratigraphy, structure, 
and petrology of the Western Cascade Range is by Peck and others (1 964). Their work 
places the Sweet Home-Holley area in the little Butte Volcanic Series of Oligocene 
to eorly Miocene age. This series of volcanic rocks, which is hundreds of feet thick 
and wide spread, consists of lava flows and vast amounts of tuff and ash that erupted 
from local volcanoes over a period of several millions of yeors. It is in these deposits 
of tuff and ash that the fossil wood is so abundant. 

The plant-bearing rocks interfinger to the west in the vicinity of Brownsvillewith 
marine beds of the Eugene Formation, which contains fossil sea shells. Because simi
lor relationships of terrestrial and marine environment occur elsewhere along the east
ern margin of the Willomette Volley, geologists hove been able to reconstruct the 
paleogeography of the region and give some ideo of what the area looked like be
tween 20 and 30 mi llionyeors ago. Wi IIi oms (1 953) has shown that the Cascade Range 
o.s it appears today was not in existence, but, rather, the region was occupied by 
Iorge volcanoes, their lower flanks clothed in luxurious vegetation. Rivers whose 
headwaters moy hove reached for bock into central Oregon flowed westward to the sea. 

Snavely and Wagner (1963) provide a geologic mop of Oligocene-Miocene time 
that shows our area to hove hod o coastal environment located in a Iorge marine em
bayment extending well into the present Willomette Volley (figure 3). Staples' (1 950) 
discovery of salt crystals replaced by quartz in some of the fossil wood of the Holley 
area furthers the seacoast theory by showing that the wood was impregnated by salt 
from sea water before petrification. 

There is evidence in the Sweet Home-Holley area to indicate that in later Mio
cene time the land was elevated and the sea withdrew. lavas related to the Colum
bia River Basalt to the north poured out on a surface of hills ond volleys that hod been 
eroded in the older rocks. One oreo occupied by the basalt is at the si�.of the pro
posed Holley dam where this resistant rock already forms a natural constriction in the 
volley of the Colopooio River. 

D e s c r i p t i o n  o f  t h e  C o l l e c t i n g  S i t e  

The collecting site on the Marker ranch is situated in one of the northern fingers 
of the reservoir area (figure 2). The site is drained by o small stream that flows south
westward into the Colopooio River. A study of topographic mops (Sweet Home and 
Brownsville quadrangles) reveals that this small, intermittent creek occupies o well
defined volley ( figure 4} which extends from the Colopooio near Holley to the South 
Santi om near Sweet Home. An explanation for its presence is suggested by Richardson, 
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Figure 3. Paleogeologic mop of western Oregon and Washington during 
Oligocene time (from Snavely and Wagner, 1963). Location 
of Sweet Home Petrified Forest area is indicated. 
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who indicates the possibility of either the Colopooio or the South Sontiom having 
flowed through this gop at some time in the post. 

The volley floor at the Marker ranch is underlain by a layer of closely pocked 
pieces of fossil woad (figure 5), and it is possible that this layer extends throughout 
the lower portion of the reservoir area. The margins of the reservoir and the hills 
above it ore composed of volcanic ash and tuff containing an abundance of fossi I 
wood, some of it still standing in place as stumps (figure 6). Erosional processes that 
carved the volley system apparently removed the particles of ash and tuff that sur
rounded the wood and left the heavy silicified material behind as a lag product or 
residual deposit on the floor. The pieces of wood are fairly large and angular and 
thus hove not been corried for. Presumably the trees had already been silicified ond 
fragmented by earth pressures before accumulating as a concentration of alluvium. 

The individual pieces of wood at the Marker ranch bear no relationship whaho
ever to each other as to species. Theories to explain the anomalous association of 
varieties ore offered below. 

Va r i e t y  o f  S p e c i e s  

Systematic list 

Fifty-four different fossil woods from this small collecting area of about two acres 
hove thus far been identified by the author (table 1). These represent only a portion 
of the material collected; many additional specimens remain to be thin-sectioned 
and identified. As a convenience, the commonly used name of each is listed first, 
followed by the generic nome of the most similar extant species together with its 
family. 

Possible sources of specimens 

It is at once apparent that the list of identified specimens in table 1 represents 
members of several types of plant communities, some of which, by the durable nature 
of even unsilicified wood, may hove been transported long distances from their place 
of growth. 

So as a departure from usual paleobotanical form, rather than attempt to recon
struct o picture of the physical growth environment of this fossil flora by separating 
its component ports into ecological associations os we know them today, we shall in
stead speculate and theorize as to the possible origins of the species that hove accu
mulated here: 

1 .  Tropical woods present could well represent Eocene species -- remnants of on 
earlier, warmer climate adopted to the later but still moderate Oligocene seacoast 
environment of our area, much as palms have adapted today to the climates of England 
and northern Scotland. Interesting correlations may be noted here with the Goshen 
flora (Chaney and Sanborn, 1 933). 

2. Many trees were petrified in situ, having been covered by rapid and repeated 
falls of osh from erupting volcanoes located nearby and to the east. At present, re
mains of some stand upright in place in several Sweet Home locations (Richardson, 
1950). Notable among these ore the sycamores (Platanus), typical stream-bonk, 
bottom-land species. Tops of stumps of o Iorge grove of sycamore trees ore visible 
at ground level in a volley on the McQueen property (on border of sections 7 and 1 8) 
where their bases have been covered by material eroded from the surrounding steep 
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Table 1 .  Check list of Species Identified. 

Common Nome Genus Family Common Nome Genus Family 

Pine Pinus Pinoceoe Sweetgum liquidombor Homomel i doc eoe 
larch larix Pinoceoe Kotsuro Cercidiphyllum Cercidiphylloceoe 
Fir Abies Pinoceoe Sycamore Platanus Plotonoceoe 
Redwood Sequoia Taxodiaceae Cherry Prunus Rosaceae 
Down Redwood Metasequoia Taxodiaceae Honey locust Gleditsio leguminosoe 
Incense Cedar libocedrus Cupressaceae Kentucky Coffee Tree Gymnoclodus leguminosoe 
Cypress Cupressus Cupressaceae Yellowwood Clodrostis legumino�oe 
Willow Salix Solicoceoe South American Cedar Cedrelo Melioceoe 
Cottonwood Populus Solicoceoe Entondrophrogmo Entondrophrogmo Melioceae 
Walnut Jug Ions Juglondoceoe Holly I lex Aquofolioceoe 

N I 
Hickory Cor yo Juglondoceoe Maple Acer Aceroceoe 

w Birch Betula Betuloceae Maple Acer pseudoplotonus Aceroceoe 
Alder Alnus Betuloceoe Buckeye Aesculus Hi ppocostonoceae 
Bluebeech Carpinus Betuloceoe Cascara Rhamnus Rhomnoceoe 
Hazel Cory Ius Betuloceoe Grope Vi tis Vitoceoe 
Beech Fagus Fagaceae Sterculia Sterculia Sterculioceoe 
Chestnut Castanea Fagaceae Schimo Schimo Theoceoe 
Chinquapin Costonopsis Fagaceae Tupelo Nyssa Nyssoceoe 
Sweet Indian Chestnut Costonopsis i ndi co Fagaceae Dogwood Cornus Cornoceoe 
Oak Quercus Fagaceae Alniphyllum Alniphyllum Styrococeoe 
Elm Ulmus Ulmaceae Persimmon Diospyros Ebenoceoe 
Magnolia Magnolia Mognolioceoe Ash Froxinus Oleoceoe 
Myrtlewood Umbellulorio louroceae Devilwood Osmon thus Oleoceoe 
Comphorwood Cinnomomum louroceoe Cordia Cordia Boroginoceoe 
Sossofross Sossofross louroceoe Reptonio Reptonio Myrsinoceoe 
T rochodendron T rochodendron Trochodendronoceoe Catalpa Catalpa Bignonoceoe 
Actinidio Actinidio Actinidioceoe Virburnum Viburnum Capri fa I ioceoe 



Figure 4 .  View looking southeast across valley at Marker 
ranch . Small body of water is a stockpond. 

Figure 5. Layer of fossi I wood exposed in bed of creek 
o n  the Marker ranch. 
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Figure 7. Fossilized tree bork thot had been 
riddled by boring insects before petrifi
cation. Enlargement (below) of upper 
left portion shows insect tunnel filled 
with silic ified eggs. 

Figure 6. Fossilized stump of a hardwood tree 
standing where i t  grew 30 mi Ilion years 
ago. 
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Figure 8 .  Pocket rot cavities in incense cedar, commonly mistaken for 
palm wood. 

Figure 9. Quortz pseudomorphs ofter holite crystals in wood thot was 
impregnated by salt water before petrification. 
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P L A T E  I .  
{Furnished by Forest Products Reseorch Loborotory , London, England. ) 

Figure o: Salix 
Willow 

Figure c: � 
Beech 

{All photographs 1 0  x) 
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Figure b: Carpi nus 
Hornbeam 

Figure d: Castanea 
Chestnut 



P L A T E I I .  

(Furnished by Forest Products Research Laboratory, London, England.) 

Figure e: Quercus 
Ook 

Figure g: Magnolia 
Magnolia 

Figure f: Ulmus 
rr,;;-

(All photographs I 0 x) 
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Figure h: Umbellularia 
Myrtlewood 



P L A T E  I l l .  
(Furnished by Forest Products Research laboratory, London, England.) 

Figure i: Sossofrass 
Sassafrass 

Figure k: Platanus 
Sycamore 

Figure j: Cercidiphyllum 
Katsura 

(All photographs 1 0 x) 

29 

Figure I: Prunus 
Cherry 



P L A T E  I V .  
(Furnished by Forest Products Research Laboratory, London, England.) 

Figure m: Aesculus 
Buckeye 

Figure o: Diospyros 
Persimmon 

Figure n: Cornus 
Dogwood 

(All photographs 1 0 x) 

Figure p: Froxinus 
� 
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hillsides. 
3 .  Westward-flowing streams, carrying quantities of pyroclastic debris ongo

nati ng from volcanoes to the east, constructed large deltas where they reached the 
coast. Specimens of fossi l  wood which show considerable transportation wear might 
well represent live-woods of the time carried by flooded streams from the interior and 
deposited as a port of such deltas. Fossi l woods of earlier Eocene time, transported 
and buried in a simi lor manner, could be present i n  Oligocene rocks in much the some 
way that the Cretaceous fern, Tempskya, is found in later Eocene Clarno deposits in 
in the Greenhorn Mountains of northeastern Oregon. Here the fossilized wood was 
eroded from the enclosing rocks and redeposited in younger sediments. 

4. Asiatic species reported to occur only rarely i n  Tertiary fossi l  woods could 
hove arrived as random logs of driftwood by way of the sea. An example of this is 
Actinidio, not previously reported as a fossil wood and found at Holley thus far as a 
single specimen consisting of on almost complete trunk section. logs transported as 
driftwood from offshore islands of the time (or from unlimited distances in the Eastern 
Hemisphere) and carried into the marine embayment may have been entrapped in 
coastal swamps and petrified after burial in stream sediments or falls of ash. Another 
wood -- the Asiatic genus Schima of the tea family (Theaceae) -- might have had 
such a source. The absence of branches and twigs and the preponderance of woods 
representing trees rather than shrubs help give credence to the idea that at least some 
of the material arrived at the locality as stripped-down, water-worn tree trunks. 

5 .  Many of the specimens collected have inclusions of quartz pseudomorphs oft« 
halite crystals. We have found thus far, as did Staples (1950), that the inclusions 
were contained only in the fossi l  woods found os float and not in those petrified in 
place in the area. A collected specimen of Castonopsis indica, or Indian sweet 
chestnut (Asiatic), whose structure shows it  to be o portion of o large tree trunk, is 
almost completely replaced with quartz pseudomorphs after halite. The distribution 

. of the halite indicates that the solution hod access from oil sides os in floating and 
might have been absorbed during o long period ot seo. 

P r e s e r v a t i o n  o f  D e t o i  I 

The process of petrification still remains somewhat of o mystery ond scientists 
ore not in agreement os to what actually takes place. A number of mineral substances 
con cause petrification, but the most common is silica. Silica in ground water infil
trates the buried wood ond by some complex chemical process is precipitated within 
the plant tissues . Cellulose and lignin ore often still present in the silicified wood. 

Whatever the particular process involved in the petrification of the highly sili
cifie<:l wood at Holley, it  has resulted in the preservation of its finest anatomical de
toils to such a degree that in many instances it comes close to being identical with 
its living counterpart of today. Furthermore, many of the specimens show little, if 
any, distortion in either shape or size of the structures required for identification. 
This is of much importance in wood recognition where comparative size of on anatom
ical feature -- roy width for example -- could be the critical foetor in deciding to 
which genus that specimen should be assigned . 

Indeed, so accurate is the preservation that wormholes with castings, insect eggs, 
grub holes, pitch pockets, dry rot, fungus growths, growth abnormalities of all kinds, 
plus oil manner of the ills and defects that trees may foil heir to, are faithfully re
produced (figure 7). Also preserved are inclusions of gums, crystals, and other for
eign substances sometimes found in the cells of living woods. These con be of value 
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in differentiating one species from another . Honey locust (Gieditsia), for example, 
has deposits of gum in its vessels, while the wood of the closely related and simila
appeari ng Kentucky coffee tree (Gymnocladus) does not. 

An interesting side light here is the proper identification of so-called "palm
wood" specimens, many of which have been collected in the Sweet Home-Holley 
area . Figure 8 shows a piece of incense cedar (Libocedrus) riddled with pocket-rot 
covi ties caused by a fungus (possibly Polyporus, which causes such rot in this species 
of wood today). The empty cavities were subsequently filled with clear silica during 
petrification. A cut mode at an angle across the tube-shaped cavities produces the 
some "eye" effect that palm wood's vascular bundles do when cut. Examination with 
a lOx lens will show the "eyes" to be the empty pocket rot cavities, whereas true 
palm "eyes" will be filled with material having well -defined organized cell structure. 

R ar i t y a n d  U n i q u e n e s s  

The fossil woods a t  the collecting site include a number o f  types seldom reported 
elsewhere. Among these ore the Trochodendron, o vessel-less hardwood of great in
terest to wood anatomists because of its unique and primitive structure (Hergert and 
Phinney, 1954). Other rare woods present ore Reptonio, Stei'culio, Schimo, and 
Actinidia, none of which grow in North Ame�"ico today but which ore found as live 
woods in Asiatic countries. Their presence in the Marker ranch assemblage suggests 
the probable occurrence of other exotic species among specimens collected by the 
author but not yet identified. 

Among the interesting woods that no longer grow natively in this region ore Cin
nomomum, the genuine comphorwood of the Orient, and Cedrelo, the cigar-boxwood 
of South America. 

---

Adding to the value of the study area is the presence of the quartz pseudomorphs 
after halite in some of the fossil woods, as described by Staples (1950). This miner
alogical oddity is considered to be unique to the Holley area, since no other such 
occurrence has been reported i n  the I i terature . 

Co n c l u s i o n s  R e g a r d i n g  t h e  C o l l e c t i n g  S i t e  

While the original sources of our specimens may remain uncertain, we can be 
sure that 1 )  the abundance of fossil wood, 2) the variety of species present, 3) the 
faithful preservation of minute anatomical details, and 4) the rarity and uniqueness 
of some have made this collecting area o valued paleobotanical study and research 
area . 

W o o d  I d e n t i f i c a t i o n  B a s e d  o n  G r o s s  A n a t o m y  

While i t  must be strongly emphasized that the positive identification of fossi l 
woods (based on thin-sectioning and a microscopic study of their minute anatomy) l ies 
entirely in the realm of the specialist (Eubanks, 1960), the serious hobbyist can 
achieve much enjoyment and personal satisfaction in tentatively identifying his  ma
terial on the basis of its gross anatomy with the aid of o l Ox  hand lens. 

In the Tertiary fossil woods of the Pacific Northwest the�"e are many species that 
hod advanced to such o degree that they very closely resemble their living counter
ports of today; persons fami liar with wood-groin patterns may readi ly recognize o 
common live-wood, such as oak, in their fossil materials. In this regard it is helpful 
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to bear i n  mind that any live-woad "know-how" is quite readily transferable to the 
fossil material, excepting, of course, the diagnostic qualities af odor, taste, feel, 
weight, and color . Color in fossil woods derives entirely from minerals present in 
the host rock during petrification and in no way relates ta the species of the wood. 

Preparation of specimens 

In this more elementary identification process observations and comparisons are 
made mainly on the transverse (across the grain) view of the wood -- that is, the cut 
made in sawing off a log for firewood. To compare a fossi l wood with a known live
wood, both must be oriented so that a transverse view can be cut (or found, as can 
often be done with a piece of fossil wood collected in the field). The living wood 
cells will have been crushed in sawing and will appear "fuzzy" at l OX. To get a 
clear picutre of the pore and ray pattern, an old-fash ioned straight-edged razor 
which has been well sharpened or an " Exacto-type" woodcarving knife should be 
used to shave off carefully a thin, even horizontal layer on just a small area of the 
cut surface of the woad. A half-inch square will generally be ample. This surface 
should then provide a clear, uncrushed view of the wood cells .  Avoid a sloping cut 
into the wood, which wi ll give a distorted, untrue wood-grain pattern. Moistening 
the cut surface will sharpen the detai ls in some live-woods , but will blur others. Both 
methods should be tried . 

The fossil wood, cut by rock saw (or as found), can be studied more easily if it 
is sprayed lightly with any of the transparent plastic finishes available today .  Even 
hair-spray wil l  suffice. Often a well-preserved petrified wood specimen will have 
a weathered or naturally bleached outer surface that will give a much c learer picture 
of its structure than will the inner cut surface. For this reason it is well to work with 
a "heel" of material, where both cut and natural surfaces are available for viewing. 

Comparing specimens 

The wood specimens should be held so that a good light falls on the cut surface. 
Hold the lens close to the eye and gradually bring the cut surface up toward the lens 
until the cell structure is clear and in focus . At this point the fossil wood must be 
examined painstakingly over its whole surface to find the area where the vessel (hole) 
and ray (line) pattern is clearest and appears "normal" as compared to live-woods . 

A pitfall to watch here is that during petrification sometimes either vessels or raysor 
both may have faded out or have become extremely distorted as to size. This can 
lead to much confusion on the part of the novice and expert alike, and points up the 
necessity for painstaking examination to locate what seems to be the most "true-to
l ife" appearing section of the specimen . 

The same kind of comparison with a specimen of correctly identified fossil wood 
is another way to track down the kind of wood involved . 

U s e  of P h o t o m i c r o g r a p h s  i n  Wood I d e n t i f i c a t i o n  

Perhaps the most valuable tools in wood identification are photomicrographs of 
the anatomy of selected wood specimens chosen because they so well typify that par
ticular species . However, such material is generally not available in any significant 
quantity. Thus, we are fortunate in having obtained permission to reproduce a series 
of such photomicrographs from Bulletin 26, "An Atlas of End-grain Photomicrographs 
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for the Identification of Hadwoods" prepared by Forest Products Research laboratory, 
England (plates 1 through 4). The species i l lustrated represent fami liar live-oods 
of today which hove been found as fossi l woods at the Holley collecting area and in 
other Pacific Northwest Terti<ry petrified wood deposits. 

Close examination of petrified specimens might well disclose the presence of any 
of these woods in individual collections. A similar cut of the some species of live
wood, if available, prepared for viewing as described above and combined with its 
matching photomicrograph wil l  provide on invaluable basis for identifying o similar 
fossi I specimen. 

Features to observe 

In such o comp<rison based on gross anatomy, the aim is to learn to recognize 
over-all grain patterns . The 10-power lens mentioned is most suitable for this, since 
a hi�her power wil l  enlarge and blur the condensed design or pattern we wish to 
recognize. 

The patterns ore based on v<ried arrangements of pores or vessels (which appear 
<is holes) and rays (lines of cells running like o radius from the bork toward the center 
of the tree). 

Growth rings 

Most woods show concentric circles on cross-section. These rings indicate an
nual growth, and ore distinct in woods where the cell size varies greatly at different 
times of the year. Early spring wood wil l  have Iorge, fast-growing cells; later, slow
growing summer wood cells are small and dense . I n  tropical climates woods do not 
usually show distinct annual rings, since growth rote is constant throughout the year 
and each year's growth merges into the next with little perceptible change in cell 
size. This is  on interesting feature to watch for in fossi l  woods. 

Porous and nonporcu' woods 

Other points to notice ore the difference between woods with no pores (nonpo
rous), which includes most coni ferous or "needle-trees," which ore also called "soft
woods," and woods with pores (porous), which generally include the "hardwoods." 

The porous woods or hardwoods con be further divided into ring-porous woods in 
which the larger spring pores form o well-defined bond at the annual growth ring, as 
sossofross and ash, and diffuse-porous woods, in which the pores ore distributed even
ly throughout the growth ring, as magnolia and katsuro. 

Pore arrangements 

Also significant ore pore arrangements . They may be grouped in many ways -
in c lusters, in groups of two or three, in straight or radial chains (chestnut), in 
slanting chains called echelons and in many other ways. I n  conifers scattered resin 
canals may sometimes occur. On cross section these appear to be extra large "pores, "  
but ore actually canals running vertically along the groin. 
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Rays appear as straight lines on the transverse surface, varying in width from 
heavy (oak) to too fine to be seen with the naked eye. Comparative width of rays 
is often a diagnostic feature. Sycamore, with broad rays of generally uniform width, 
can thus be differentiated from beech, whose broad rays are fewer and separated by 
groups of distinctly narrower width. 

Parenchyma 

Soft tissues (parenchyma cells) are short, thin-walled cells not usually distin
guishable individually with a hand lens. But collectively they form innumerable 
varied patterns that are useful in identifying woods. Persimmon is characterized by 
a fine, net-like or reticulate parenchyma pattern. Myrtlewood can be verified by 
its typical "halos" formed by parenchyma cells that encircle each pore. Straight and 
wavy bands of varying widths running crosswise to the rays frequently occur. Termi
nal parenchyma at the annual growth ring is a feature of other woods, such as mag
nolia, where it appears as a light line easily visible to the naked eye. Many other 
types and combinations of types occur. 

Forestry and botany texts will provide detailed information and references on 
wood anatomy, nomenclature, and classification of plants that may be applied to fos
sil wood. Paleobotanical texts such as "Ancient Plants and the World They Lived In" 
(Andrews, 1964) often carry sections with brief botanical summaries expressly written 
to provide the necessary basic information needed for venturing into the field offossil 
plant life. 

S e l e c t e d  B i b l i o g r a p h y  

Andrews, Henry N . ,  1955, Index of generic names of fossil plants, 1820-1 950: U .  
S .  Geol. Survey Bull. 1013. 

1964, Ancient plants and the world they lived in: Ithaca, N .  Y . ,  
Corns tack Pub. Assoc . 

Arnold, C .  A . ,  1947, An introduction to paleobotany: N . Y . ,  McGraw-Hill Book Co. 
Beck, G. F . ,  1944, Fossil woods of Oregon: Geol. Soc. Oregon Country News 

Letter, vol. 10, no. 21 , p. 1 27-128. 
Brown, H. P., and Panshin, A. J . ,  1940, 1949, Commercial timbers of the United 

States: New York, McGraw-Hill Book Co. 
Chaney, R. W . ,  1956, Ancient forests of Oregon: Eugene, Ore., Oregon State 

System of Higher Education, Condon Lecture . 
Chaney, R. W . ,  and Sanborn, E. I . ,  1933, The Goshen flora: Carnegie lnst. Wash. 

Pub. 439 . 
Chowdhurt, K. A . ,  1945-1951, Indian forest records (new series): New Delhi, 

Govt. of India Press. 
Dake, H .  C., 1 940, A day in the Sweethome forest: The Mineralogist, vol. 8, 

p .  83-84. 
Forest Products Research Laboratory, 1953, End-grain photomicrographs for the iden

tification of hardwoods: Aylesbury, Bucks, England, Forest Products Research 
Lab . ,  Bull. 26. 

Erteld, W . ,  1964, Defects in wood: London, England, Leonard Hill  Books, Ltd. 

35 



Eubanks, W. E . ,  1960, Fossi I woods of Oregon: The ORE Bl N, vol. 22, no. 7, 
p. 65-69. 

, 1966, Fossil woods supplement knowledge of Succor Creek flora: The 
---;""''0;7: ORE BIN, vol. 28, no. 10, p. 1 73-18 1 .  

Harlow, W .  H . ,  and Horror, E .  S.,  1 958, Textbook of dendrology: New York, 
McGra.v-Hill  Book Co., 

Hergert, H .  l.,  and Phinney, H .  L., 1954, Trochodendroxylon from the Tertiary of 
Oregon: Torrey Botanical Club Bul l . ,  val. 8 1 ,  no. 2, p.  1 1 8-122. 

Kribs, D. A . ,  1950, Commercial foreign woods on the American market: State Col
lege, Po., Tropical Woods Laboratory. 

Kukochko, B. Francis, 1 960, Identification of coniferous woods: Madison, Wise . ,  
Forest Products lob . ,  Toppi, vol. 43, no. 1 1 .  

Kummel, Bernhard, and Roup, David, 1 965, Handbook of paleontological techniques: 
New York and london, W .  H .  Freemon & Co. 

lokhonpol, R . N . ,  1958, Rujodofloroof west-centrol Oregon: Univ. California 
Pubs. in Geol. Sci . ,  vol. 35, no. 1 .  

Metcalfe, C .  R . ,  and Chalk, l . ,  1950, Anatomy of the Dicotyledons: Oxford, 
England, Oxford Univ. Press . 

Pearson, Ronald, 1 964, Animals and plants of the Cenozoic era: london, England, 
Butterworths. 

Peck, D. L . ,  Griggs, A. B . ,  Schlicker, H .  G . ,  Wells, F .  G . ,  and Dole, H .  M . ,  
1964, Geology of the central ond northern ports of the Western Cascade Range 
in Oregon: U . S .  Geol . Survey Prof. Paper 449. 

Phillips, E .  W . ,  1952, Identification of softwoods: Aylesbury , Bucks, England, 
Forest Products Res. Lob . ,  Bu l l .  22. 

Richardson, H .  E . ,  1 950, Geology of the Sweet Home petrified forest: Univ. Ore
gon master's thesis. 

Sanborn, E. 1 . ,  1949, The Scio flora of western Oregon: Oregon State Univ. Mon
ographs, Studies in Geol. No. 4. 

Schworzboch, M . ,  1963, Climates of the post: London, Eng . ,  D .  Von Nostrand Co. 
Snavely, P. D . ,  J r . ,  and Wagner, H. C . ,  1963, Tertiary geologic history of western 

Oregon ond Woshington: Wash. Div. Mines ond Geo., Rept. lnv. No. 22. 
Staples, L. W . ,  1950, Cubic pseudomorphs of quartz after halite in petrified wood: 

Am. Jour. Sci .,  vol. 248, p .  1 24-136. 
Sudo, Syoji, 1959, Identification of Japanese hardwoods: Tokyo, Japan, Govt. 

Forestry Station Bull. No. 1 1  B. 
Wi llioms, Howe I ,  1953, Ancient volcanoes of Oregon, Oregon State System· of 

Higher Education, Condon lecture. 
Wolfe, J .  A . ,  and Hopkins, D .  M . ,  1966, Climatic changes recorded by Tertiary 

land floras in northwestern North America (in "Tertiary correlations and 
climatic changes in the Pacific"): The Eleve-;-th Pacific Science Congress, 
Tokyo, Japan, 1966. 

Wolfe, J .  A . ,  Hopkins, D. M . ,  and leopold, E. B . ,  1966, Tertiary stratigraphy 
and paleobotany of the Cook Inlet region, Alaska: U . S .  Geol . Survey Prof. 
Paper 398-A. 

Woodward, A .  D . ,  1965, Historical geology: Son Francisco, W .  H .  Freemon Co. 

* • * * * 

36 



REPRINTED FROM 
The ORE BIN 
Volume 3 1 ,  no .  5, p.  93- 1 1 0  
May 1969 

FOSSILIZED PALM WOOD IN OREGON 

By Irene Gregory* 

I n tr o d u c t i o n  

To geologists, petrified palm wood is a significant material.  Its occurrence 
in the fossil record serves as on indicator of past c l imate5 and age of the 
rocks. To hobbyists, its attractive patterns and eoseof identification make 
it a sought-after species. Since its anatomy is one of the least complicated 
of fossil plant materials, it is easily recognized; its unique appearance 
makes i t  difficult to mistake it for any other species, with the possible ex
ception of certoi n fossi I ferns. 

This report is concerned primari ly with fossi I palm wood; however, 
since leaves and fruits are also important in the fossil record these parts of 
the palm ore reviewed. In addition, the geologic history of palms and 
their occurrence as fossi Is in Oregon is summarized. 

I d e n t i f i c a t i o n  of P a l m  W o o d  

Paleobotanists i n  the post hove generally assigned petrified palm 
trunks to Palmoxylon, a genus name designed to include fossi l stems with 
scattered bundles having fibrous cops. Fossilized palm leaves con often be 
referred to living genera, and there is a trend to apply these names to fos
sil palm wood also, where warranted. The writer is following the procedure 
of applying names of living genera to fossil specimens that are sufficiently 
well preserved to reveal identifiable anatomical structures. 

A type of palm present in an assemblage of semi -tropical Eocene 
woods being investigated by the author is palmetto (Sobol), collected from 
a small outcropping of the Clarno Formation in Crook County, Oregon. 
Material for thin sections of the transverse (figure 1 A & B) and longitudinal 
(figure 2 A & B) views shown was taken from a trunk specimen that was 

*Mrs. J .  M .  Gregory is a paleobotanist and on authority on fossi I wood 
anatomy. 
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Transverse view of 
fibrous bundle sheath 
or "cap" 

Figure 1-8 

Figure l .  Transverse views of Eocene palm wood from Crook County. 

A. (opposite poge) Photomicrograph 45 X. 

8 .  (above) Sketch showing detail of  fibrovascular bundle in  
upper right portion of figure 1 -A .  Compression of  wood 
before petrification produced oval shape of xylem vessels, 
which normally are circular. 

Background tissue 
of parenchyma 

Figure 2-B 

longitudinal view of 
fibrous bundle sheath 

Figure 2. longitudinal views of Eocene palm wood from Crook County. 

A .  (opposite page) Photomicrograph 45 X. 
B .  (above) Sketch showing detai I of longitudinal view. 
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approximately 6 inches in diameter during growth, but was compressed to 
on oval shape by earth pressures before petrification took place. The speci
men is sil icified, its vascular bundles replaced with blue agate. The re
mainder appears block, owing to the presence of manganese, but in thin 
section it is a c lear amber color. The unworn condition of this specimen, 
as well as that of other worm-climate species occurring with it,  i ndicates 
the probability of its having been petrified in situ. The photomic�ogrophs 
shown here ore thought to be the first published record of the minute anat
omy of the wood of a fossi I pol m from Oregon .  

All  of the genera, both living and fossil, making up the palm family 
exhibit similar anatomical structures. Their wood consists of separate fibro
vosculor bundles scattered in a pith-like background tissue of parenchyma 
cells. In cross section the parenchyma cells appear thin walled and some
what hexagonal in shape, and fill a l l  the spaces between the very conspic
uous bundles which hove prominent fibrous cops (bundle sheaths) ( figure I 
A & B). The bundles run longitudinally in the stem and on out into the 
leaves; in cross section they show as dots or eyes and when cut lengthwise 
appear to be tubes (figure 2 A & B). The two (possibly three) larger pores 
in each bundle are xylem vessels; the area between the xylem and the fi
brous cap may show phloem structures. 

Although the characteristic anatomy of palm results in a distinctive 
appearance, on casual examination it may be confused with cross-section 
views of petioles of the fossi I fern Acrostichum or portions of Temps kyo 
fern mosses in  which cut leaf-traces resemble palm eyes. 

G e n e r a l  Bo t a n i c a l  B a c k g ro u n d  of P a l m s  

Palms ore considered to be the first angiosperms (flowering plants of 
today) to appear in  the fossi I record. Angiosperms inc I ude two groups: 

1 )  Dicotyledons - having complicated net-like veining of 
leaves and producing two leaves {cotyledons) when their 
seed germinates; they make up most of our flowering plant 
species of today . 

2) Monocotyledons - with but one seed-leaf (cotyledon) and 
parallel leaf-veining as i n  grosses, l i lies, and palms; they 
provide the remaining small percentage of angiosperms. 

In the fossil plant record, palms ore significant as being one of th;: 
few monocotyledons to be preserved. Their durable woody nature lends it
self to petrification, which is not so with the many other more herb-like 
plants of this group. Check lists of fossi I plants invariably include but 
few monocotyledons. 
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Environment 

Most palms require o minimum temperature of 42"F .  and higher; only 
a few con adapt to o slight amount of frost. Of the several hundred recog
nized genera living today, nearly al l  ore inhabitants of the tropics. The 
few representatives living in the United States ore native only to the south
ern climates. Palmettos grow along the Atlantic Coast from North Carolina 
to Florida. Other types ore limited to the Florida Keys, the area near the 
mouth of the Rio Grande in Texas, and to southern Arizona, California, 
and Hawaii .  About 2000 species of palms are known today, of which 25 
belong to the genus Sabo l .  

In  the fossil record, the association of palm with other tropical species 
of plants shows that palms of the past had the same temperature needs as 

exist today, making their presence as fossils conclusive evidence of warm 
climate. Many of the floras containing palm leaves ore associated with coal 
beds, signifying a swampy environment. 

Stems (trunks) 

living palms can be separated into genera by cross-section views of 
their wood, which show different appearances based on the comparative 
number, size, and distribution of the fibrovasculor bundles or "eyes. "  
For example, Serenoa bundles ore thin and widely but uniformly scattered 
through the whole wood; Thrinax has coarser, fewer and closer bundles; 
Cocos bundles are very numerous near the edge of a cross section and few 
in the center . 

Palms hove woody stems of vori ed habits, but most are well -propor
tioned trees remarkable for their uniformly cylindrical ,  typically unbranched 
shapes. The trunk is general ly thickened near its base and is well anchored 
by o mass of simple, also unbranched, but contorted roots. The number of 
roots emerging from o coconut palm can be as many as 1 3 , 000. The fossil 
plant material known as "palm root" when cut shows wildly irregular ob
long and circular shapes, each of which includes the typical stem structure 
and distribution of bundles as described above. 

Since they lack a continuous cambial Ioyer, palms ore incapable of 
growth in thickness by adding new layers of cells as do our familiar timber 
trees. Thus no annual growth rings are formed. With no tree rings to 
count, age usually has to be based on associated historical do to. 

The girth of a palm is determined during its earliest years, the one 
main growing point being the terminal bud. Some tree types grow as much 
os 150 feet high . The diameter of palm stems may range from less than half 
an inch to two feet or more. Since palm trunks usual l y  do not branch, the 
rock hunter's so-called "limb" sections of fossil palm probably represent 
the main stem or trunk of that individual plant. In some fossil species 
these may be so smal l  as to appear reed-like, as in Reinharditio of Central 
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F i gure 3 .  Fossi l ized trunk fragments of the rattan-type pal m from th e 
Eocene Green R iver Formation ,  Eden Va l l ey , Wyomi ng . Approx
i mate ly  3/4 natural si ze . 

F igure 4 .  Portion of a fossi I pa l m  l eaf (Saba l i tes eocen i ca} from 
Cl arno-age rocks i n  northeastern Oregon , approxi mate ly  ! 
natura l size . (From H erger t ,  1 96 1 } 



America today. 
Other types of palm stems that might be found as fossils include the 

rattans, cl imbers of today in  Indio and the East Indies living in semi-tropical 
environments similar to that of the Eocene in Oregon. The two main living 
genera of this type ore Calamus and Doemonorops, which hove slender, 
bamboo-like stems of uniform diameter with very long internodes. Their 
leaf rachis (leaf stalk) is prolonged into a spiny, hook-like tendril that en
ables them to climb over the tallest surrounding vegetation; their stems may 
grow as long as 500 to 600 feet, making them the lengthiest stem on earth, 
with the possible exception of seaweed. They produce the commerc iol rot
ton used for cone-choir matting, bentwood furniture, and the like. The 
fami liar rockhunter's material, "cone, "  from the Eocene Green River For
motion in Eden Volley, Wyoming, is a fossi I representative of this type of 
palm stem (figure 3). Specimens ore found with internodes as much as 1 0  
or 1 2  inches i n  length and showing trunk rings (leaf-bose scars). 

Additional stem variations that could occur as fossils include the 
prostrate or creeping stems of certain palmettos (Sobol) which ore surrounded 
by a dense moss of contorted roots. Other examples ore the horizontal stem 
of Nipo, a genus confined to southeastern Asia today, and the short vege
tative shoots of Boctris and Rophis which form bushy or shrub-like clumps. 

A characteristic feature of most living palm stems is the leaf bases. 
If the leaf bases fall off, distinctive scars remain on the trunk, but if they 
remoi n attached to the trunk, the strong lower port of the leaf stalk often 
forms a clasping fibrous webbing that hongs in a ragged moss around the 
trunk. This moss con make a thick, dense mot several feet long. Some 
fragments of fossi l palm show only this fibrous trunk cover. 

leaves 

At on early stage, the single-leaf seedlings of most palm genera look 
much alike; as fossils, al l  con be easily confused with grosses. The mature 
leaf forms ore distinctive, although those of cycads and some tree-ferns 
hove a superficial resemblance. The leaves, in general ,  ore borne as a 
crown at the tip of the trunk. Types of palm leaves include the fan-shaped 
leaves of palmetto; a simple pinnate or feathery form as in the coco palm; 
or a bi -pinnate as in fish-toi I palms whose leaflets ore attached to lateral 
branches of the main leaf rachis. 

Most fossi I -pol m records refer to fan-shaped leaves; reports of pi nnote
type leaves ore rare in the l iterature. Fan-shaped palm leaves hove been 
found at several localities in the Eocene of Oregon (figure 4), and silici
fied petioles or leaf stalks hove also been collected. 

Fruit and seeds 

The fruit of palms, borne in clusters, is a drupe or berry and usually 
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one seeded; seldom do 2 or 3 seeds occur. Sizes range from that of a cur
rant to the double c oconut weighing 40 or more pounds - the largest seed 
known. A great number of variations in the basic form occur. The f leshy 
part may be almost lacking or may be pulpy or oily; the pit layer may be 
hard and dense as in c oc onut or thin as in palmetto. Many palms c ontinue 
flowering and fruiting throughout the year. The c oc onut is thought of as 
the typical palm seed or nut, but more . typica l are smal l  seeds - some less 
than half an inch in diameter - that are produced in huge c lusters by many 
species. 

Figure 5. Two views of a small fossil seed of the c oc onut-type palm. 
Seed is 1 inch in diameter (photograph ccurtesy of T. J.  Bones).  

F igure 6.  Two views of a tiny fossil palm seed 8 mm in diameter. 
Seeds were probably borne in c lusters (ph otograph courtesy 
of T.  J . Bones) . 
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Fos.si I palm seeds are i n  general referred to the genus Palmocarpon.  
The durability of  some palm seeds makes possible their remaining in excel
lent condition while traveling vast distances by ocean current, resulting i n  
some confusion as to the validity o f  certain fossil-palm records at ancient 
coastal locations. Reports of Oregon palm-seed occurrences have been 
confined mainly to the Clarno area of central Oregon (figure 5, coconut 
type; figure 6,  small seed). 

G e o l o g i c  H i s t o r y  o f  P a l m s  

The geologic history of palms goes far back into the fossil record, 
where they ore considered to be the fi rst of the angiosperms (flowering 
plants} to develop. Records of occurrences are numerous, with the earliest 
now tentatively considered to be the almost completely preserved palm-
like leaves reported from the Middle to Upper Triassic of Colorado by Ro
land W .  Brown (1 956), who suggested they should be regarded "tentatively 
but credibly" as a primitive palm. The simple elliptic leaves of Sanmi
guelia lewisi were borne alternately on a rapidly tapering stem. They were 
collected from red calcareous sandstone of the Dolores Formation near Plac
erville, Colo . ,  in the vicinity of the San Miguel River, and constitute one 
of the more important paleobotanical discoveries of our time. 

LaMotte (1952} cataloged a great many references to fossi I palm 
throughout the world, including the earliest definite palm-wood record, 
Palmoxylon cliffwoodensis from the Upper Cretaceous Magothy Formation 
of New Jersey. Palm leaves occur in the lower Cretaceous Dakota Group 
of the Rocky Mountains region, and in the Upper Cretaceous Nanaimo 
Group on Vancouver Island, British Columbia. 

Records of palm from the Eocene are numerous. The famous Eocene 
london Cloy flora in England contains an abundance of fossi I fruits of Nipa, 
a tropical Asiatic palm of today (Reid and Chandler, 1933). In North 
America, palms ore best displayed in Eocene rocks (Arnold, 1 947). One 
particularly outstanding account is that by Knowlton (1930), who lists 14 
forms from the Denver Basin, 8 based on leaves, 5 on fruits, and 1 on a 
silicified trunk. He reports huge leaves as large as 5feet in diameter. Of 
the genera described, Sabol was the most abundant and widely distributed. 

Among other notable North American Eocene floras containing palm 
are the Wilcox and Claiborne floras of the Gulf Coast areas (Berry, 1916 
and 1924); the Raton flora of northern New Mexico and southern Colorado 
(Knowlton, 1918); the Jackson flora of Texas; the Eden Volley flora of 
Wyoming (Brown, 1 934); the Puget flora of Washington and British Colum
bia; the laPorte flora of California (Potbury, 1 935); and the Clarno flora 
of Oregon . 

Fossil palms, associated with other warm-climate plants, are found at 
the Alaskan leaf localities of Kupreanof Island and Matonuska Valley 
(Hollick, 1936}. The flora is considered by Wolfe and others (1 966) to be 
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Oligocene in age. Present here ore two fossi l-palm species, Flobellorio 
florissonti and Flobellorio oloskono, that ore referable to the fan palms of 
the Arecoceoe, o group that is today strictly subtropical and tropical and 
that bears out the suggested subtropical Oligocene climate of coastal Alaska. 

Miocene palm occurrences noted by Arnold (1947) include that of the 
T ehochopi flora of the western 1\A.ojove Desert (Horse Canyon, Kern County 1 

Col .)  and the BorstaN beds (Mule Canyon, Yermo, Col . ) .  Axelrod (1950) 
describes Pliocene age palms from Palmdale, Col . 

The geologic history of palms in Oregon parallels that shaNn else
where in North America. Their first appearance during the Cretaceous was 
followed by relative abundance during the Eocene; Oligocene records ore 
limited to palms in relict worm-climate floras of the coastal region. No 
fossil palms hove been reported, as yet, from post-Oligocene rocks in  Ore
gon. Miocene and Pliocene floras reflect o cooling trend in the climate. 
Some paleobotanists believe there was o gradual migration of palms south
war<! during the Miocene and Pl iocene toward their present association with 
tropical and subtropical floras of today in extreme southern United States, 
Mexico, and Central America. 

F o ss i l  P a l m  R e c o r d  i n  O r e g o n  

Cretaceous 

The fossi l record shaNs palms to hove first occurred in Oregon during 
the Cretaceous. In  1958, o nut, together with on ammonite included in  o 
concretinn, was found near Mitchell, Wheeler County, and wos identified 
as a palm seed of the genus Attoleo from the Albion stage of the Cretaceous 
by the late Roland W.  BraNn, U . S .  Notional Museum (see also Berry, 
1929). This occurrence is noteworthy as being considered the earliest flaN
ering-plont record (late Lower Cretaceous) of north-central Oregon . The 
specimen was kept in the U . S .  Notional Museum (letter from E .  M.  Bold
win, October 24, 1 958 to Lon Hancock; courtesy of Viola L. Oberson). 

Eocene 

Arbuckle 1\A.ountoin orea: The first Eocene palm record for Oregon 
was that of Mendenhal l  (1 907) reporting on a cool prospect on Wil low Creek, 
Morrow County. This location was about 22 miles southeast of Heppner in 
a mountainous region just west of the divide (Arbuckle Mountain) between 
the Wil low Creek and the John Day River drainages. Monocotyledonous 
leaves were collected and sent to F.  H .  Knowlton who regarded them, on 
the basis of additional species col lected, as being Eocene in age. 

Chaney (1948) in "Ancient Forests of Oregon" pictures layers of fan
type palm-leaf fossils from the Arbuckle Mountain shales. Hogenson (1957), 
in on open-file report on the ground-water resources of the Umati l la River 
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basin, recounts the collecting of fossil leaves in the Arbuckle Mountain 
area from shales containing carbonaceous material al tered to lignite or 
bituminous coa l .  He states: "Plant fossils from several carbonaceous seams 
were studied by Roland W .  Brown of the U . S .  Geological Survey. He 
determined the Eocene age of the formation from these fossi l plant identifi
cations. "  Listed were Sobalites and other worm-climate trees including 
Magnolia. 

Pigg (1961), i n  a University of Oregon master 's thesis, reviewed the 
occurrences and used the doting of palm-leaf fossils as Eocene in determin
ing the age of lower Tertiary sedimentary rocks in the Pilot Rock and Ar
buckle Mountain areas. He mentions the occurrence of palm leaves as much 
as 4 feet across. Hergert (1961 ) ,  in a summary of the plant fossils in the 
Clarno Formation, includes palm (Sabalites) leaves in a list of plants from 
the Pilot Rock locality. 

Clarno area: Eocene palm is best known from the Clarno area, the 
type locality for the Clarno Formation and also the site of Camp Hancock, 
Oregon Museum of Science and Industry's famous outdoor laboratory for 
fossi I plant and ani mol studies. 

The Clarno Formation has been well described in the literature (Mer
riam, 1901; Hodge, 1942;Wilkinson, 1959;ond Baldwin, 1964). I t  is com
posed almost entirely of ondesitic volcanic material - chiefly lavas, mud 
flows, breccias, and tuffs, including some water-laid sediments. The for
motion overlies older marine rocks of Paleozoic and Mesozoic age. The 
Clarno sediments contain abundant silicified plant remains, mainly tropical 
and subtropical in nature, including palm at a number of localities (Chaney, 
1 948). The fossi ls occur in lenses of volcanic ash that accumulated in shal
low lake bottoms, either by direct ash falls or by erosion and redeposition 
of such material .  At some localities the plants are in carbonaceous shales 
associated with coal beds. The type exposures of the Clarno Formation con 
be seen about 2 miles east of Clarno Bridge in Wheeler County . 

Near the type locality are the Clarno nut beds (SE! sec. 27, T .  7 S . ,  
R .  9 E . ,  Wheeler County), which ore world famous among paleobotanists 
for their well-preserved seeds, nuts, and fruits as well as other plant parts 
(Scott, 1954). The nuts and other plant remains are enclosed in  a bedded 
volcanic tuff that was laid down in  very late Eocene time. A potassium
argon age of 36.4 million years was recently obtained for an overlying 
welded ash-flow tuff (Swanson and Robinson, 1968). 

The lack of stratification within the nut beds, plus the presence of 
standing Equisetum stems, seems to indicate that the material accumulated 
by very rapid deposition. Arnold (1952) suggests that the nut beds may 
have been deposited during a flood. 

Many fine collections of plant material hove been mode from the 
Clarno nut beds, but the most remarkable is that of Thomas J. Bones of 
Vancouver, Wash. Mr. Bones describes his work: 
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"I first visited the Clarno nut and seed beds in 1942 and 
discovered that finding specimens there was a real challenge to 
the collector. At first I could find only some of the larger nuts, 
but later discovered that by carefu l working, seeds even the size 
of poppy seeds could be found. The larger seeds and nuts ore 
worked out in  the field as a hard rock mining operation, by dig
ging and breaking. The smaller seeds ore obtained from matrix 
material that is brought home, broken down, screened and looked 
over with a magnifying gla.ss . "  

"Walnut, grope, magnolia, moonseed, palm, pistocio, elder 
ond water li ly ore some fami liar plant seeds found that continue 
to grow on earth . Many of the hundreds of seeds found at Clarno 
represent plant species now extinct. Dr. Richard A. Scott, USGS, 
has worked on identification of this Clarno material . "  

Al though most of the original Thomas J .  Bones collection has been 
permanently located in Washington, D . C .  i n  the Notional Museum of the 
Smithsonian Institute since 1961, Mr .  Bones has continued collecting and 
has accumulated many more equal ly noteworthy specimens since that time. 

Among the fossil plants found by Mr. Bones in the Clarno Formation 
ore wood, leaves, leaf fronds, and seeds representing at least eight differ
ent genera of palms. Other collectors hove found palm in the Clarno area, 
including trunks and root mosses . One of the largest of these specimens 
is a josperized stump of typically rounded appearance that is 3 to 4 feet 
in  diameter and estimated to weigh 2 tons. For many years it was on display 
in Antelope and was considered by its owner to be o meteorite. later it 
proved to be one of the largest fossil palm stumps ever found in Oregon or, 
indeed, anywhere (Richard Rice, oral communication, Apri I 1 969}. 

Other areas: As geologic mopping in Oregon has increased, the pres
ence of many additional areas occupied by rocks of the Clarno or equiva
lent age in central and eastern Oregon has become evident. The occurrence 
of fossi l palm wood at some of these localities is proving to be a foetor in 
age determination. Recently such a determi notion was mode for the Dooley 
Rhyolite of the Ironside Mountain area of eastern Oregon by W .  D.  lowry 
( "Geology of the I ronside Mountain quadrangle, Oregon," State of Ore
gon Deportment of Geology and Mineral I ndustries Bulletin, in manuscript 
form} (figure 7). 

Other localities, as yet not noted in the literature, contain frag
mented fossil palm wood of presumed Eocene age spread over areas of many 
square miles in eastern Oregon. In  some places the palm wood has been 
eroded from Clorno-<:�ge rocks and transported to areas of younger formations, 
as in the Jamieson-Huntington region. Pieces of silicified wood, fos�il 
"bog" containing palm wood and root chips, portions of palm leaves, and 
other palm debris hove been collected from various places by rock hunters. 
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Figure 7. longitudinal view of fossi l palm wood from the Ironside 
Mountain quadrangle, Boker County, Oregon. 

Figure 8 .  Cross section of on entire fossi l palm trunk (about 3 inches 
in diameter) surrounded by o thick Ioyer of roots. Dark mineral 
impurities in silica obscure typical "eye" pattern of trunk. 
Specimen found in Soms Vol ley near Medford, Oregon (Richard 
Rice col lection). 



Much is float, and in most occurrences the original source of the material 
is not known. Whole sections of palm wood have been seldom reported from 
rock-hunter localities of eastern Oregon. 

West of the Cascades in the Medford area, palm wood occurs in areas 
mopped by Wells and Peck (1961) as late Eocene nonmarine sedimentary 
rocks, equivalent in age to the Clarno Formation east of the Cascades. 
Complete sections of petrified palm wood have been found (figure 8).  The 
presence of palm is to be expected in other western Oregon Eocene locali
ties as on associated species with other worm-climate and subtropical fossil 
plants. 

Oligocene 

As yet, fossi I palm wood and leaves hove not been noted with cer
tainty from the John Day Formation of central Oregon, which contains an 
abundant flora of temperate-climate species. The palm-wood specimens 
thus far reported from the John Day have occurred as float and are consid
ered to represent reworked material of Eocene age. 

West of the Cascades, palm-leaf fragments are reported from two lo
calities in Ol igocene rocks. One is in the Eagle Creek flora of the Colum
bia Gorge area, described by Chaney (1 920). The other is in the Rujada 
flora (Chaney, oral communication, February 1969). The Rujada* flora, 
described by Lokhanpal (1 958), is situated near Layng Creek Ranger Station 
about 23 miles east of Cottage Grove . Here, in tuffaceous sediments, are 
leaves of temperate species as well as palm, catalpa, avocado, and other 
subtropical and worm-temperate trees. The presence of these relict species 
of wormer Eocene ti rnes is thought  to be due to the relatively mild and uni
form coastal climate of Oligocene time which enabled them to corry on 
long after their extinction elsewhere under less favorable c limatic conditions. 

In spite of the wealth of tropical and subtropical woods in the Sweet 
Home petrified forest near Holley, no palm has as yet been encountered 
there by the writer (Gregory, 1 968). 

General distribution 

The accompanying map (figure 9) shows some of the localities in Ore
gon where fossil palm has been found as leaves, fruits, or wood. Probably 
many more such localities can be added to the mop in the future as addition
al specimens are reported. Most of the occurrences shown on the map rep
resent fossi l  palm material that was found in place. That is, it was enclosed 

* The nome "Rujado,"  which is so often mispronounced, is mode up from the 
initials of two loggers, R .  Upton and J .  Anderson, together with the initials 
of the Department of Agriculture. It is correctly pronounced Rue-jade-oh. 
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in or intimately associated with the geologic formation in which it was ori
ginally buried before petrification. Fossi l palm fragments occurring as float 
hove less geologic significance. 

S u g g e s t i o n s  f o r  t h e  R o c k  H u n t e r  

Reports of palm-wood occurrences from both east and west of the Cos
codes ore frequent. However, many specimens, when exomi ned under mag
nification, show no cellular structure and ore actual ly various forms of 
orbicular agate and jasper or oolitic material.  Others do prove to be palm, 
but the locations for all are o closely held secret of the finders, palm wood 
being one of the rock hunter's materials that has developed o certain de
sirability and "mystique" of its own. Prized varieties of palm wood for 
jewelry making include on ivory-colored josp-ogote with snow-white 
"eyes , "  as well as jet-block palm wood also with white "eyes . "  /�Acre com
monly it is found in soft, blue-gray shades. Occasional ly,  o specimen of 
a deep, rich maroon color is found. 

Hobbyists who wish to determine whether or not o specimen is palm 
wood con generally do so with o 10 X lens. After orienting the specimen 
to get a possible transverse or cross-section view, they should look for 
scattered "eyes" al l  with o similar pattern and each having two (rarely 
three) tiny, solid-looking dots (vessels) on one side. A longitudinal cut 
through on eye wi l l  show it as o lengthwise line or tube. If, instead, i t  
appears as o short line or i s  boll shaped, the specimen is more probably one 
of Oregon's ubiquitous oolites rather than the sought-after palm. 
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A FOSSIL PINE FOREST IN THE BLUE MOUNTAINS OF OREGON 

Irene Gregory* 

I n t r o du c t i o n  

A petrified wood deposit i n  the Blue Mountains of northeastern Oregon 
appears to be the fossi lized in situ remains of a pure stand of Western White 
Pine (Pinus monticola Dougl'lOf" probable Eocene age. Intensive search 
produced no additional species in the collecting area. 

The fossil pine forest is in the Burnt River drainage basin at elevations 
between 4200 and 5000 feet .  The wood occurs over a wide area both in 
place as low stumps and as scattered logs and chunks. Growing among the 
fossil material is a living forest of another species of pine, representing a 
difference in age of as much as 40 million years. 

G e o l o g i c  R e l a t i o n s h i p s  

The Burnt River fossil pine wood area is included i n  the geologic 
mapping of the Canyon City AMS quadrangle by Brown and Thayer (1966),  
who show the bedrock units in the vicini·ty of  the wood locality to consist 
of the Clarno Forrnotion of Eocene age overlain by the Strawberry Volcanics 
of Miocene-Pliocene age. 

Because the locality appeared to be situated neor the contact of 
these two formations of widely differing ages, a more detailed geologic 
survey was needed to determine the host rocks for the fossil wood. Howard 
Brooks, geologist at the Oregon Department of Geology and Mineral Indus
tries field office in Baker, who was mapping Tertiary rocks in adjacent 
areas, kindly offered to investigate the locality. He reported as follows 
(written communication, November 26, 1971): 

"The slope on which the pine wood occurs is underlain chiefly 
by a gently dipping sequence of interlayered andesitic tuff 
breccias and tuffs that were at least partly waterlaid. Wood 
f r.agments up to 2 feet in diameter were found entirely as float, 
but the absence of any nearby exposures of younger rock units 
or gravels seemingly precludes the possibility of a source other 
than the underlying breccias and tuffs . 
" Pardee and others (1.941) in mapping the Sumpter quacrangle 
included the andesite tuff breccias of this region in the lower 

*Mrs . J .  M. Gregory is a paleobotanist and an authority on fossil wood 
anatomy. 
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Tertiary section. Brown and Thayer (1 966) also regarded the 
andesite tuff breccias as lower Tertiary i n  age and mapped them 
as port of the Clarno Formation. 
"James Mcintyre and I found fossil wood and leaves in Clarno 
lithologies at several locations in this and adjacent areas. Dr. 
Jock Wolfe (written communication, July 22, 1971) assigned 
Clarno dates to the fossi I leaf collections. Some of the fossil 
wood collections are being sent to you for identification . " *  

Prior to the present study, pine was not commonly recognized as a 
component of the Eocene forests of Oregon. The writer has found it to be 
in abundance not only in the Burnt River locality but also in nearly every 
Clarno wood locality investigated. It occurs i n  association with both sub
tropical and temperate types of fossil wood. Pines should thus be considered 
one of the typi co I Eocene trees of Oregon. 

D e s c r i p t i o n  o f  t h e  P i n e  D e p o s i t  

Wood 

The fossi I wood deposit represents a dense, unmixed stand of Pinus 
monticola; such P'Jre stands are also a characteristic growth hobii'Or'ihe 
living P. monticolo. Petrified trunks up to 5 feet in diameter, branches of 
many sizes, and the typical slender twigs of this species--all the compon
ent woody ports of complete trees including bark--are present . Although 
d . b . h .  (diameter breast high--that is, measured at 4! feet above the 
ground) has been measured at a record of 8 feet in living specimens, more 
normally this is 2! to 3! feet. Most of the fossil trunk specimens are also 
2 to 3 feet in diameter (Figures 1 and 2). Since none show tapering, they 
may be assumed to represent the middle portions of the tree, which in mature 
living specimens range from 150 to 180 feet in height. No root-wood has 
been observed; it presumably remains buried at depth i n  growth position. 
Any associated understory of shrubs or herbs of the time has been destroyed 
or is still buried; this is true also of cones and needles, which have not been 
found at this locality. 

Bark 

Fossil bark eroded from exposed trunk sections litters the area as 
in living pine forests, and some still adheres to the fossil trunks. The 
bark is often found broken into the peculiar small, square blocks that ore 

*All of the wood collections from the Clarno loca l ities sent by Mr .  Brooks 
were found to contain pine. 
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Figure 1 .  Exhumed trunks of Pinus monticola in Burnt River area. 

Figure 2. Gross structure of the pine wood is well preserved in this 
specimen. See pick for sca le .  
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characteristic of living P. monticolo after it reaches a trunk size of approxi
mately 1 2  inches in diameter. Growth patterns of bark ore quite constant 
within a genus, and some hove characteristics unique to the species, as in 
P.  monticolo (Figure 3). Distinct microscopic structure of bark, particularly 
when combined with wood structure, can also be an important feature in 
identification (Chong, 1 954). 

Pitch (?) 

Of frequent occurrence in the soi I zone around the fossil sh.lmps ore 
mosses of si I icified materia I that look I ike pine pitch. Since none of the 
specimens found thus for are attached to the fossi l wood, this identification 
is uncertain. However, Dr. lloyd S .  Staples, who examined some of the 
samples, suggested that a lthough the material was completely sil icified and 
lacked residual matter, it would be entirely possible for masses of pitch to 
become si licifi.ed in an environment so highly charged with silica (ora l 
communication, November 29, 1971). 

M e t h o d s  of I d e n ti f i c a t i o n  

Pine is one of the few fossil woods that can be readily identified 
in the field by means of a hand lens. For more precise microscopic identi
fication os to species, the wood must be exceedingly well preserved and be 
examined in thin-section views of transverse, tangentia l ,  and radial cuts. 
Much of the wood at the Burnt River locality is replaced by opaque jaspers 
with scattered pyrite, which obscure the minute details of struc.ture. But 
some of the highly silicified specimens exhibit very well-preserved, anatom
ical details of cell structure. These hove mode it possible to identify this 
wood os to species, ro ther than to genus on I y, as is the case with most fos
sil woods. 

B o t a n i c a l  C l a s s i f i ca t i o n  

Pines and other needle-trees ore conifers. They belong to one of 
the main divisions of plants cal led Gymnosperms, meaning that they have 
exposed seeds which ore usually borne in cones, as is denoted by their 
order nome, Coniferales. Because of the comparative ease with which 
their wood is worked, they are classified also as "softwoods" in contrast 
to "hord.Noods , "  a term which has come to include a l l  dicotyledonous trees 
such as ook or maple; these belong to the other main plant division, Angi
osperms, that have seeds enclosed in o fruit and bear true flowers. Each 
type of wood has its own structure; that of o typical softwood is shown in 
Figure 4, which is a diagram of the transverse view of white pine (P. 
monticolo).  

-
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Figure 3. Petrified bark cut and polished to show pattern of structure. 
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Figure 4. Anatomical features of Pinus monticolo, a typical softwood; 
transverse view. Approx. SOX-.--
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S ys te m a t i c  D e s c r i p t i o n  

Closs 
Order 
Family 
Genus 

GYMNOSPERMAE 
CONIFERALES 
PINACEAE 
PINUS linnoeus 

Pinus monticofo Doug l .  

(Figure 5A, B ,  C) 

Anatomical description 

Growth rings: Distinct. Morked by o narrow bond of denser (sfow
growi ng) lote-wood ot outer margin. Fost'i}rowi ng (forger 
celled) early-wood takes up most of the ring. Transition 
from early-wood to lote-wood is very gradual .  

Trocheids: Arranged i n  definite radial rows. U p  to 50, but overage 
35 to 45 microns in  diameter; bordered pits in one row (some
times 2) on radial wolfs. Pits to ray parenchyma windowfike 
and forge; f-2 (usually 1) per cross-field. 

Longitudinal parenchyma: Not visible. 

Rays: Very fine. Not visible to naked eye except those few forger 
that enclose o transverse resin cano l .  Of two types but mostly 
uniseriote, 1-10 cells high as seen on tangentia l .  Also scat
tered fusiform rays enclosing horizontal resin canal; 2-3-
seriate in thickened area, tapering to uniseriate above and 
below; up to 1 2  cells high . Roy trocheids present in both 
types of rays, non-dentate. 

Resin Canals: Vertical: easily visible with fens. Numerous. Scat
tered through central and outer port of ring. Solitary. Rarefy 
two or three side by side. Appear os vertical streaks or fines 
on tangential .  Epithelium thin-walled. Often occluded with 
tylosoids. Average diom. 1 35-160 microns. Horizontal: 
inconspicuous. Rather sparse. On transverse appear os 
more prominent wood rays irregularly spaced. Scarcely visi
ble with lens on tangential .  Avg. diam. less than 60 microns. 
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Figure 5. Photomicrographs of thin sections cut from fossi I Pinus 
monticolo from the locality in the Blue Mountains, Oregon . 
A .  Transverse view; B. Tangential view; C .  Radial view. 
(Photography by Thomas J .  Bones, Vancouver, Washington.) 
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Discussion 

Wood of the genus Pinus is easily distinquishable from other conifers 
because of Its characteristic vertical resin ducts that can be plainly seen 
on the cross section with a hand lens; they appear as small rounded holes 
scattered about among definite, neatly arranged rows of cells (trachelds) 
of uniform size and approximate rectangular shape. Resin ducts are found 
alsa in other conifers such as spruce, larch and Douglas fir, but in these 
gene'a they are far less numerous and arranged in characteristic group 
patterns rather than scattered about as in pines. Vertical resin cllcts are 
actually tubular intercellular spaces that carry resin in the sapwood; they 
are lined with a sheath of resin-secreting cells (epithelium). When using 
a high-power microscope, the thin walls of the epithelial cells of the resin 
ducts are the feature that serves to separate members of the genus Pinus 
from al l  other conifers. Horizontal resin cllcts, inconspicuous and enclosed 
in rays, are also sparsely present in pines and may be seen under a micro
scope on the tangential surface. 

Al l  fossil pine wood has structures hardly distinguishable from similar 
pines living today; apparently pines adapted so successfully to climates of 
the time that only minute evolutionary changes have come about during the 
intervening ages. Consequently names of living pines can be applied to 
the fossil forms. That this also is true of the needles and seeds of pine is 
borne out by Wolfe (1964) , who describes P. monticola parts from the Ter
tiary as being indistinguishable from similar specimens of extant P.  
manticola. 

S e l ec t e d  B i b l i og r a p h y  

Brown, E .  C . ,  and Thayer, T .  P . ,  1966, Geologic map of the Canyon City 
quadrangle, northeastern Oregon: U . S .  Geol. Survey Map 1-447. 

Chang, Ying-Pe, 1954, Bark structure of North American conifers: Tech. 
Bull. 1095, U . S .  Dept. Agriculture, Washington, D . C .  

Gregory, Irene, 1968, The fossil woods near Holley in the Sweet Home 
Petrified forest, linn County, Oregon: Ore Bin, v.  30, no. 4, 
p. 57-76. 

Panshin, A. J . ,  and Dezeeuw, Carl, 1970, Textbook of Wood Technology: 
New York, McGraw-Hill Book Co. 

Pardee, J .  T . ,  1951, Preliminary geologic map of the Sumpter quadrangle, 
Oregon: Oregon Dept. Geology and Mineral Industries. 

Sudworth, G .  B . ,  1967, Forest Trees of the Pacific Slope: New York, 
Dover Publications, Inc. 

Wolfe, J .  A . ,  1964, Miocene floras from Fingerrock Wash, southwestern 
Nevada: U.S.  Geol . Survey Prof. Paper 454-N. 

* * * * * 

62 



REPRINTED FROM 
The ORE BIN 
Volume 32, no. 1 1 ,  p. 205-210 
November 1970 

AN ANCIENT ACACIA WOOD FROM OREGON 

By Irene Gregory* 

A smal l ,  localized outcrop of tuff in central Crook County, Oregon, mopped 
as Clarno Formation of I ate Eocene to early 01 igocene age by Waters ( 1968), 
has yielded fossil  wood of both stem and roots of the genus Acacia. The pale
obotanical occurrence is unusual in that fossil stem wood and root wood of 
the some species ore rarely found together. 

The occurrence consists of what is believed to be the remnants of a 
single tree. It lies horizontally in o matrix of fine-grained tuff in on out
crop area of about 200 square feet ot the summit of a low hi I I .  AI though 
the leaves, twigs, and small branches ore missing, limbs and roots 1 0  to 1 2  
feet long (but segmented by earth pressures ) and trunk sections are present. 
The prime condition of the wood, which shows no fungus rot, insect infesta
tion, or distortion from drying, indicates thot the tree was literally buried 
olive. 

Conditions of burial and preservation con only be surmised. Possibly 
in Clarno time the ococio grew near a stream in the vicinity of on active 
volcano. Torrential flood waters undermined the tree, tore it loose, swept 
it along stripping it of its leaves and small branches, and finally left it 
stranded. Before the wood could deteriorate, it was buried by showers of 
volcanic ash and silicified. Erosion has now removed the volcanic cover 
and has exposed the fossilized tree, much of it sti l l  in place. 

Photomicrographs of thin sections cut from the fossi I wood (figures 1 ,  
2, and 3 )  show structural details to be so well preserved that the diagnostic 
features necessary for identification ore as definitive as in living wood. 

A c a c i a s  i n  t h e  F o s s i l  R e c o r d  

Reports of fossi l acacias ore few . Leaves are recorded chiefly from 
Eocene deposits of Alaska and Texas and from the Oligocene Florissant flora 
of Colorado. A well-preserved seed pod compared with Acacia farnesio 
( a  tidal swamp species) is included i n  the Eocene Lower Bagshot flora of 
England -- a tropical lowland assemblage ( Chandler, 1 964 ). Deporto (1961) 

*Mrs. J .  M .  Gregory is a paleobotanist and an authority on fossi l  wood 
anatomy. 
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Figure 1 .  Transverse (cross section)  view of stem wood of the acacia. 
Magnification approximately X 30. Photograph by Thomas 
J.  Bones. 

! Figure 2. Radial view of stem wood of the acacia. Magnification 
approx i mote ly X 30. Photograph by Thomas J . Bones. 
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found Acacia �- in  an Ol igocene-Miocene pollen flora of Co.lombio which 
includes palms and members of severa l subtropical angiosperm families such 
as Mo I vaceoe, Bombaceae, and Sapotaceae. 

Knowlton ( 1 902) l isted Acacia oregoniona Lesq . ,  consisting of a near
ly perfect complete seed pod, from the upper Miocene Mascall beds in Grant 
County , Oregon. But on the basis of additional collections of similar seed 
pods from the same local i ty , Chaney and Axelrod ( 1 959, p .  207) hove as
signed Knowlton's specimen to Albizzio oregoniona. 

As for as the author is aware, only one other specimen of fossil wood 
from the Pacific Northwest has been considered to be a possible Acacia. 
Prakash ana Barghoorn ( 1 961 ) report on a specimen they cata log as Legu
minoxylon occidentale, as fol lows: "The nearest approach to the structure 
of the fossil which we hove been able to establish is the genus Acacia and 
within this genus, the species �- ferruginea. One aspect of the fossil which 
renders its identification more difficult is the tangential compression failure 
which preceded mineralization, thus exaggerating the el l ipticity of the ves
sels as seen in transverse section. In view of these facts, it seems more de
sirable to designate the fossi I to family rather than to genus. " 

Figure 3. Transverse (cross section) view of root wood of the acacia. 
Magnification approximate ly X 30. Photograph by Thomas 
J .  Bones. 
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A n a to m i c a l  D e s c r i p t i o n  

Genus: Acacia 
Sub-family: Mimosoideae 
Family: Leguminosae 

Growth rings: Indistinct and inconspicuous. Delimited by a fine line of 
sporadic terminal parenchyma with infrequent small vessels embedded 
in it. Rings vary greatly i n  width. 

Vessels: Medium. Visible without lens. Diffuse-porous. In widest rings, 
----"those in center one-third of ring are largest. Some rings exhibit (at 

beginning and end of ring) a distinct zone of vessels smaller than 
those in rest of ring and embedded in the terminal parenchyma. Ev
enly distributed. 5 to 1 5  per sq. mm. Mostly solitary with a few 
radial rows of two (and less frequently) three cells. Occasionally, 
two cells are contiguous in the tangential plane. Also scattered ir
regular clusters or nests of mixed small and large pores (not present 
in  every ring). Perforation plates simple; somewhat oblique. Vessel 
segments are short ( 0. 2 - 0.4 mm. ) .  Rather thick walled and form
ing conspicuous vermiform lines along the grain. Deposits of gum are 
frequently observed in the vesse ls. ( In the fossil specimen these hap
pen to be the same red-brown color as in the living wood.) 

Parenchyma: Abundant vasicentric several cells wide forming a narrow halo 
around vessels or vessel groups. Also al iform with short wings. 
Sometimes confluent between two or three pores. Terminal paren
chyma rather sporadic in a 3- to 4-seriate somewhat discontinuous 
line including or associated with a zone of small pores. 

Fibers: Libriform. Rounded in  transverse section. Thick walled. Not 
aligned radially but arranged in wide tracts between rays. 

Medium. Visible without lens on cross-section . Approximately 5 
per mm. Conspicuous on radial forming a cherry-like fleck. Slightly 
undulate around larger vessels. Homogeneous. Mostly 4 to 6 cells 
wide. 30 to 40 cells high. Also sparse 1 - to 2-seriate rays a few 
cells high. 

Intercellular canals: Vertical traumatic gum ducts arranged in tangential 
rows. Fai

rly frequent. 
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A f fi n i t i e s  a n d  D i s c u s s i o n  

The genus Acacia today includes more than 400 species of trees and 
shrubs widely distributed over the tropics and subtropics of both hemispheres. 
Of these, more than 300 ore native to Australia and the South Pacific is
lands. Native acacias nearest to the Crook County collecting area ore those 
in the southwestern United States and Mexico. 

While the fossil Acacia described here reflects closely the typical 
structural details of the living woods of this genus, to which it clearly be
longs, assignment to a particular species is more difficu lt  to establish -
particularly in the absence of such helpful diagnostic plant ports as leaves 
or seed-pods. Among the species of live woods available for comparison, 
its structure most closely approximates that of A. orobica, with which it is 
virtually identical in al l  major features . Min;;;: differences include: fewer 
pores in the fossil wood ( 4  to 1 2  per sq. mm. in the fossil species and 5 to 
1 5  per sq .  mm. in A. orobico); somewhat smaller pore size in the fossil 
species; and fewer

-
vessels containing gum deposits in the fossil species. 

( Obscuring by mineral stains as well as abnormalities of preservation might 
account for this apparent difference to some degree. )  

A .  orobico i s  indigenous to Indio, Arabia, and North Africa. It can
not withstand freezing temperatures but con adopt to a variety of environ
ments, including lake and river bonks as well as flood plains with repeated 
and prolonged periods of inundation. 

N ew F o s s i l  S p e c i e s ?  

Further comparisons with additional specimens of living Acacia may 
prove beyond doubt that the Clarno fossil species has its closest offinitywith 
�· orobico. The minor anatomical differences noted could then provide the 
basis for separating the fossil species from the closely similar l iving �·  
orobico and for the establishment of a new fossi l  species of the genus Acacia. 
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A N  EXTI N CT EVODIA WOO D  FROM OR EGON 

By I rene Gregory* 

I n t r o d u c t i o n  

D ur i ng the ear ly Eocene i n  Oregon,  approximate ly 35 m i  I l ion years ago , a 
re lat ive ly l eve l l ow l and reached from the base of the B l ue Mounta i ns i n  
northeastern Oregon to the Pac i fi c  Ocean ,  wh i ch a t  that t ime extended i n
to western Oregon . S i nce the Coast and Cascade Ranges had yet to deve lop, 
the ent i re area was i nf l uenced by ocean currents and had a subtropi ca l c l i 
mate large ly free from frost . 

Fossi l p lant rema i ns i n  the Eocene C larno Formation i nd i cate the area 
to have been forested w i th ma ny ki nds of broad- leaf evergreen trees that to
day a lso are typica l of such subtropica l c l i ma tes . Among them were mag 
no l i a ,  pa lm ,  Cedre la, Persea (avocado) ,  F i cus (fi g ) ,  Sabo l (pa lmetto ) ,  
Anona , and M�. S i nce Eocene t ime , -;:;;-;resu l t  of c l i mat ic  changes, 
many of these trees have become exti nct as natives in th i s  hemisphere . 

The genus Evod ia  can be i nc l uded among trees wh i ch were native to 
Oregon during Eocene t imes but wh ich  are ext i nc t  i n  the western hemi 
sphere . 

A group of petri f ied woods co l lected from the Eocene C larno Formation 
i nc l udes spec i mens i dent if ied as Evodi a .  We l l -preserved and u nd i storted by 
earth pressures,  the spec i mens have reta i ned the fi nest anatomica l deta i  I s ,  
so  the  d iagnosti c fea tures necessary for identi fi cat ion are  v i rtua l ly as defi n
i t ive as those in l i v i ng wood (F igure 1 ) .  

C h a r a c t e r a n d  D i s t r i b u t i o n  o f  L i v i n g E v o d i a  

Evodi a  be longs to the fam i ly Rutaceae , a large group of sh rubs and 
trees (w i th a few herbs) whose members occur throughout the wor l d ,  pr i mar
i ly in subtropi ca l and trop ica l areas . The i r  woods are character ized by sma l l  

* Mrs . J . M .  Gregory i s  a pa leobotanist  spec ia l i z i ng i n  fossi l wood anatomy . 
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(often m i nute) to med ium vesse l s ,  typica l ly grouped i n  mu l ti p les (often rad ia l 
str i ngs) a nd havi ng a d ist inct  ob l ique arrangement . Most are dense and hard 
Evod ia ,  wh ich i s  l i gh t  and soft , i s  aberrant among rutaceous woods . 

As a l iv i ng wood today , the genus Evod ia  i nc l udes approximate ly 45 
spec i es of trees a nd shrubs, most of wh ich are aromatic .  The i r  range is re
str i cted to an area reach i ng from Madagascar th rough I nd ia  and Ma laya to 
the Po lynes ian I s lands a nd Austra l i a . 

Severa l d i fferent ti mber spec ies of Evod ia  are harvested,  espec ia l ly 
i n  Ma laya , for use i n  ma ki ng tea boxes , looms, posts , matches, and other 
such arti c les . E .  m icrococca of Austra l i a  (ca l led Wh i te Evod ia or S i lver 
sycamore) i s  a f ine-textured wh i te wood va lued for cabi networ k .  Some spe
c i es of Evodia have wood so bi tter that no i nsect  wi I I  attack  i t; th us i t  is 
va lued for i ts durab i l i ty .  One Ch i nese spec i es ,  the Bee-bee Tree (E . dan i 
e l i i ) ,  has been i ntroduced i n  North Amer ica a s  a decorat ive garden tree . 
B loom i ng profuse ly i n  m id-summer w i th large e igh t- i nch c l usters of f lowers , 
i t  has been named for i ts part icu lar attract ion to bees . 

R e c o r d s  o f  F o s s i  I E v o d i a  

Reports of Evodia i n  the fossi I record are few . Evodioxy lon oweni  
(Carruthers) i s  reported from the M iocene and Cretaceous of eastern Afr ica 
(Ch iarug i ,  1 933) . Leaves of a fossi l spec i es ,  E .  m iosi n ica Hu and Chaney, 
are reported from the Miocene Shangwang f lora of Shantung , Ch i na;  the com 
pou nd l eaves (seven to 1 2  leaf lets) show a marked resemb lance to those of 
E .  d ani e l i i  descri bed by Chaney and Hu ( 1 940) . Another l i st of p l ant 
fussi I s  from the Miocene of Oregon i nc l udes a spec i men  ten tative ly i dent i
fi ed as Evodia  wood , a I though i ts anatomy i s  not descri bed (Eubanks, 1 966) . 

G e o l o g i c  B a c k g r o u n d  

The centra l Oregon loca l i ty i n  wh ich the Evod ia  spec i mens occur has 
been mapped as C larno Formation ( Waters , 1 968")."The C larno Formation 
has been described as composed a lmost ent i re ly of andesi ti c vo lcan ic  mate
r ia l - ch i ef ly l avas , mudf lows,  breccias ,  and tuffs , i nc l ud ing some water
laid sed iments . The formation over l i es o l der mari ne rocks of Pa l eozo ic  and 
Mesozo ic age . The C larno sedi ments conta i n  abundant  foss i l p lant  remai ns, 
mai n ly subtropica l i n  nature , occur ing i n  l enses of vo lcan ic  ash that  accu
mu lated in  sha l low lake bottoms and sma l l  ponds , e i ther by d i rect  ash  fa l l s 
or by eros ion and redepos i t ion of such mater ia  I .  

The somewhat  order ly strat i fi cat ion of speci mens i n  the Evodia  loca l i ty 
i nd icates tha t  the mater ia l may represent such a lake-bottom � lotion . 
The wood spec imens, c lose ly pac ked i n  the vo lcan ic  tuff, are h i gh ly  si l i c i 
fi ed, w i th we l l -preserved ce l l  structure and wood gra i n .  
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Figure 1 .  Photomicrographs of thin sections cut from fossil  Evodia 
of Oregon. 

A .  Transverse section. 
B .  Tangential section. 
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S y s t e m a t i c  D e s c r i p t i o n  

Fami ly :  Rutaceae 
Genus:  Evodia  Forst . 
Evod ia  gadiji r ian  nov . sp . 

F igure 1 ,  A and B 

Growth r i ngs: Present; d i st i nct to the naked eye . Marked by a un i ser iate 
row of larger ear ly-wood pores a nd th i n  but defi n i te l i ne of term i na l  
parenchyma . 

Vesse l s :  Med ium-s ized to very sma l l  i n  the late wood . Open , w i th rare ---i nc lus ions of gum . So l i tary , but ch i ef ly i n  rad ia l rows of two or three , 
wh i ch at ti mes are a l i gned tangenti a l ly .  Rare ly  i n  nests of five to 1 2 .  
Ear ly-wood vesse l s  are more numerous ,  more c lose ly spaced , and larger, 
w i th a somewhat r i ng-porous arrangement . U p  to 1 4  per m i l l i meter . 
Vesse I segments are th i n  wa l led ,  long . Perforat ions s imp le; ob l ique . 
Ty loses not observed . 

Parenchyma : (A) Term i na l ; d i sti nct to eye , formi ng a sharp ly-defi ned four
to e igh t-ser iate l i ne a long wh i ch the s i ng l e  row of ear ly-wood ves
se ls  of the next r i ng are a l i gned; th i n-wa l l ed . (B) Paratrachea l ;  one 
to two ce l l s w ide between vesse l s  and between vesse l s  and rays where 
they are conti guous . Rare ly sever a I ce l i s grouped in the space be
tween vesse l s . Frequent ly very sma l l  g lobu l es of gum are present; 
here , as i n  other parts of the wood , the gum has not ta ken on the 
co lora tion of the m i nera l s  i n  the host roc k, but rather rema i ns i ts 
natura l amber co l or .  

F i bers :  Non - l i br i form ,  coarse , th i n-wa l l ed; w ide l umen . Not a l igned i n  
--rows, but arranged to fi l l  i n  large areas between rays and vesse ls . 
Rays: Not d i sti nct to na ked eye . Very var iab l e  i n  s ize . 1 - to 8-seriate , 

heterogeneous; up to 26 ce l l s  and 550 mi crons h i gh . Sma l l g lobu l es 
of gum are present . 

A f f i n i t i e s 

The mi nute anatom ica l deta i ls of the fossi l Evodia wood c lose ly resem
b le those of the l i v i ng woods of  th i s  genus . Spec ies corre lat ion i s  more d i f
fi cu I t  to ma ke ; but because of the exce I l ent preservat ion of the fossi I wood 
structurd , we can see i ts c lose compar i son w i th E .  frax i n i fo l ia , extant i n  the 
eastern H ima layas and northern Burma . 

-

M i nor d i fferences i n  the anatomy of the two woods are observed .  These 
provi de the bas is  for separati ng the foss i l spec ies from the l iv i ng Evod ia for 
the esta b l i shment of a proposed new fossi l spec ies , � · gadi j i r ian .---
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D i fferences i nc lude :  
A .  Nota b ly l arger vesse l nests i n  the foss i l spec ies . 

Vesse I nests : U p  to 1 2  per nest i n  foss i I spec ies . 
U p  to severa l on l y  i n  l iv i ng E .  frax i n i fo l i a . 

B .  Rays u p  to tw ice as ta l l  i n  the foss i l  spec ies . 
Rays : U p  to 550 m i crons h igh i n  the foss i l spec i es . 

U p  to 225 m i crons h igh i n  the l iv i ng E .  frax i n i fo l i a . 
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WORM-BO RED PO PLAR FROM TH E EOC E N E  OF  O R E G O N  

By I rene Gregory* 

That  fa i th fu l , tr ue-to- l i fe deta i l may be reta i ned du r i ng th e process of pet
r i fi c a t ion i s  shown by the ph otographs on th e oppos i te page . The beau ti 
fu l l y preserved and und i s turbed c h i ps of wood f i l l i ng th i s  worm burrow were 
formed i n  a pop l ar tree l i v i ng abou t  40 m i l l i on years ago dur i ng th e Eocene 
in Oregon . Th e spec i men ( much en l arged ) i s  of th e genus Popu l u s i n  the 
w i l l ow fami l y  ( Sa l i caceae) . 

Th e worm tu nne l  was made by a n  i nsec t l arva of th e f l at -h eaded borer  
type of today . I ts s trong mand i b l es enab l ed i t  to carve out  from the I iv i  ng 
pop l ar wood the typ i ca l  c rescent-shaped ch i ps p i c tured " f l oati ng " in th e 
c l ear c ha l cedony that was depos i ted i n  the borrow du r i ng petr i fi c a tion by 
si l i ca-beari ng  ground waters . 

The process of petr i fi c at ion  of wood i s  not yet we l l u nderstood , bu t, 
by th i s  means , ori g i na l  ce l l  s tru c ture i s  reta i ned th rough some m i nera l (com
mon l y  s i l i ca )  i n fi l trati ng th e p l ant  ti ssues . Th e near l y  perfec t preservati on 
of detai I th at can resu I t  pro v i  des one of our most acc urate too l s  for foss i ! 
wood research . 

I n  the spec i men i l l ustrated ,  s truc tu ra l featu res appear as c l ear l y  as 
i n  l i vi ng wood , and m i nu te anatom i c a l  deta i l s  are reta i ned i n  even the 
sma l l est  c h i ps carved out by th e borer . 

Some of th e typ i ca l  anatom ica l  fea tu res of pop l ar wood preserved i n  
th i s  fossi l spec i men i nc l ude growth r i ngs de l i neated by  somewhat  l arger ves 
se l s  at th e beg i n n i ng of each r i ng; vesse l s  sma l l  and i n  short radi a l  rows of 
two to severa l ;  rays fine and c l ose; and parenchyma l i m i ted to termi na l . 

As w i th many Tert i ary woods of th e Pac i fi c  Northwest , the over-a l l  
aspect of th i s  spec i men more c l ear l y  resemb l es Asi at i c Popu l us of today 
th an i t  does our l i v i ng North Amer i can  members of th i s  genus . Th e l i vi ng 
forests of As i a  seem to have reta i ned the i r  Tert i ary ch arac ter , not on l y  i n  
th e ki nds o f  trees present  b u t  a l so i n  the anatomy and  genera l  aspect of 
th e i r  woods . 

The spec i men p i c tu red is one of an assemb l age of s i l i c i fi ed Eocene 
woods occur r i ng in an ou tcrop of th e C l arno Forma ti on in Crook Cou nty , 
Oregon . Woods from th i s  area are bei ng co l l ec ted and stud i ed by the au thor . 

S e l e c t e d  R e f e r e n c e s  

Pearson , R .  5 . ,  and Brown , H .  P . , 1 932 , Commerc i a l t imbers of I ndi a :  
Oxford , Eng l and , Oxford U n i vers i ty Press . 

Sudo, Syoj i ,  1 959 , I dent i fi c at ion of J apanese hardwoods : Tokyo , J apan , 
Gov t .  Forestry Bu l l .  No . 1 1 8 .  

* * * * * 

*Mrs . J .  M .  Gregory is a pa leobotan i st a nd an author i ty on fossi l wood 
anatomy . 74 



Photomicrographs of silicified poplar wood showing tunnel and chips made 
by a wood borer during the Eocene Epoch . Upper picture 2 .  5 X enlarge
ment; lower picture (portion of upper ) 35 X enlargement. (Specimen 
preparation by Fred Roner and photography by Thomas J .  Bones.)  

See page opposite for story. 
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J une 1 96 1  

PLA N T  FOSS I L S  I N  T H E  C LARN O FORMAT I ON , OREGON 

By 

Herbert L .  Hergert* 

I n t r o d u c t i o n  

T he C l arno Format ion  was or i g i na l l y  descri bed by Merr iam ( 1 90 1 ) 
from outcrops at Mitc he l l and C l arno ' s  Ferry , Orego n . S i nce t hat  t ime 
the format ion  has been  found to be very w ide l y  d i str i b uted t hroug hout 
centra l O regon (W i l k i nson , 1 959) . I t is composed o f  an  unknown th i ck
ness of  vo l can i c  rocks and i nterfi ngeri ng te rrestri a l  sed iments wh ich  con
tai n a new ly  d i scovered vertebrate fa una and  an  abundance of foss i l  p l ant 
remai ns . 

W i l k i nson ( 1 959 )  and Tay l or ( 1 960) desc r i be severa l d i st i nct ive rock 
type s that make up the C l arno Format ion . Of  spec i a l  importa nce are t he 
beds of tuff rang ing from coarse gr i tty tuffaceous sandstones to fi ne-gra i ned  
tuffaceous sha l e s ,  some of  wh ich  a re  wate r- l a i d  and conta i n  foss i l l eave s .  
Another i mportant u n i t  i n  w h i c h  p l ant rema i ns are found i s  composed of  
vo l can i c  cong l omerates and brecc ias of  m ud-fl ow or i g i n . Assoc iated w i t h  
t he co ng l omerates and  brecc i as a re  a ndesite and  basa l t  fl ows . We l ded 
t uffs occur  at seve ra l hor i zons . PI ugs , d i ke s ,  and s i l l s  o f  andesi te , rhyo l i te, 
a nd daci te are character i s t ic  of the C l arno Format ion  and are topograph i 
ca l l y  expressed on t he l andscape as prom i nent buttes and r idges . 

T he ra nge i n  age of t he C l arno Format ion  has not bee n determ i ned  
w i t h  certa i nty . I n  the few p l aces where i t s  base i s  obse rved , it I ie s  uncon
formab l y  on  Cre taceous deposi ts , a nd i t  i s  ove r l a i n  unco nformab ly  by t he 
upper O l i gocene - l ower Miocene John  Day Format ion . 

Up unt i  I rece nt l y , writers have ge nera l l y  favored a m idd l e  to upper 
Eocene age for t he C l arno Format i on , the assi gnme nt be i ng based a l most 
en t i re l y  on foss i l s  found i n  the  v i c i n i ty of t he type l oca l i ty at C l arno ' s  
Ferry . T hus , R .  A .  Scott ( 1 954) i n  h i s  exce l l e nt monograph on  the foss i l  
n uts and fru i t s  occ urr i ng 1 ! m i l e s  east o f  C l arno ' s  Ferry ,  suggests a n  age 

* O l ympi c Research D ivi s ion , Rayonier , I nc . ,  S he l to n ,  Washi ngton . 
Dr . Hergert ho l ds a PhD  degree i n  C hem i st ry and a mi nor i n  Pa l eobotany 
from Oregon State C o l l ege , 1 954 . 
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somewhat  o l der tha n  u pper Eocene . U nt i l rec en t ly ,  a n ima l foss i ls w ere 
though t to  be of such  ra re  occu rrence i n  the  format ion  that  S t i rton ( 1 944) 
used a si ng l e  tooth , presuma b l y  be l ong i ng to th e genus H yrachyu s ,  to esta b
l i sh a m i d d l e  Eocene ag_e for th e C larno Formati on . Recent l y  an  extensive 
depos i t  of  an ima l  fo ss i l s  near t he type loca l i ty  was d i scovered by t he l ate 
A . W . Ha ncock a nd i s  be i ng s tudied by J .  A,  Shotwe l l  of  t he Un i vers i ty 
of Orego n .  Pre l im i nary work suggests an upper Eoce ne o r ,  poss i b l y ,  l ower 
O l i gocene age for t hese foss i l s ,  b ut t he stra t ig raph i c  re l at io nsh ip  of  t he 
vertebrate bed to t he p l a n t l oca l i ty is prob l emat i ca l  (Tay lo r , 1 960) . 

P l ant  fossi l s  have bee n found at many ot her p l aces i n  the C l arno 
Format ion  in add i t ion  to t hose occ urr i ng at t he type l oca l i ty (see accom 
panyi ng map) . Compari son c l ea r ly  s hows t he non -co ntempora nei ty o fmany 
o f  t he f loru l e s  and suggests that the age of t he C l arno Format ion  is of a n  
apprec iab l y  greate r range t han t ha t  proposed b y  many prev i ous  authors . 
S i nce some of these l oca l i t ies  have not bee n desc r i bed i n  deta i l  i n  t he l i t 
e rature previous l y ,  i t  wou l d  see m  t o  b e  of va l ue t o  summar i ze o u r  prese nt  
sta te of  know l edge of t he C l arno f l ora . De scr ipt i ons of the l oca l i t ie s  are 
p resented be l ow in the orde r of decreasi ng age of t he fl o ra . N umbe rs re fer  
to I oca l i  ty numbers on the  map . 

C l a r n o  F l o r a L o c a l i t i e s 

West Branch  Creek Loca l i ty :  
Most of  the genera l izat i ons in t he more rece nt l i te rature concern i ng 

the C l a rno fl ora are based o n  the l ea f  rema i ns found on  West Branch Creek 
in Whee l e r  County . Howard ( 1 955 )  has suggested that t he best co l l ect i ng 
a reas are in tuffaceous and sha l y  sedi me nts in sees . 20, 29 , a nd 30,  T .  
1 1  S . ,  R .  2 1  E .  T he notab l e  foss i l s  from West B ranch  C reek a re t he l arge 
m u l t i l obed l eaves of  P l ata nophy l l um angusti l oba wh i ch  is t hought to be an 
a ncestor of  the modern sycamore . The au thor considers th i s  spec ie s  to be 
c haracterist i c  of  m i dd l e  to upper Eocene fl oras in Oregon .  Chaney (c i ted 
in Scott , 1 954) has furn i shed t he fo l l owi ng l i st of  ge nera from t h i s  l oca l i ty , 
but comp l ete re su l t s  of hi s st udy have not been  pub l i shed . 

Astro n i um C e l astrus N e cta ndra F icu s  
R hus A l c horn ia V i t us A l ang i ophy l l um 
Cata l pa Casearia Persea P l atanophyl l um 
Cord ia  C i nnamomum Abuta Gouan ia  

Me l iosma 

I t  may be noted tha t  th e i nd i ca ted composi t ion of the f l ora from th is  
l oca l i ty di ffers a pprec i ab ly  from tha t  present at P i lot  Roc k (descr i bed e lse
where in th i s  report) . Th e West Branch  Creek f l ora i s  consi dered to be the 
o ldest i n  the C larno Forma t i on .  
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M .  Pabst ( 1 948 ) has st ud ied t he fe rns from th i s  l oca l i ty and identi fied 
t he fo l l ow ing  spec ies :  

Lygod i um kau l fuss i i  
Anemia e l ongata 
De nnstaetlti a 
Pter is? sp . 
Dryopter i s  sp . 

Last rea  (Gon iopter i s) f ischeri  
S a l p i c h l ae na anceps 
Woodward ia l at i loba 
Hem ite l i a  pi nnata 

A c l ose corre l at ion  w i t h  spec ie s  of the Pa l eoce ne of t he Roc ky Moun
tai ns was  i nd i cated , a nd a midd l e  to upper Eocene age  was  sugge sted for 
t he West B ranch  C reek f l ora . 

C l arno type l oca l i ty :  
O ne and o ne -ha l f  mi l es east o f  C l arno ' s  Fe rry (SE! sec . 27 , T .  7 S . ,  

R .  1 9  E . ) , W hee l e r  County , near t he type loca l i ty of t he C la rno Format ion  
i s  a remarkab l e  occurrence of foss i l  fru i t s  and seeds .  These fossi l s  have 
bee n descr ibed by Scott ( 1 954) , Scott and Barghoorn ( 1 955 ) ,  as previ ous ly  
noted ,  and corre l ated w i th fl ora of t he Ypresi a n  (upper l ower Eocene) 
London c l ay .  T he spec imens were ass igned to e i ght gene ra , the most com 
m o n  fossi l be i ng a sma l l wa l n ut (J ug l a ns c l a rne ns i s ) . Leaf impress ions are 
a l so prese nt in rocks at th i s  l oca l ity but a re of  more l i m i ted occ urrence . 
C ha ney ( 1 936) has noted t he prese nce of a cycad , provi s iona l l y  assi g ned 
to t he ge nus Dioo n ,  at th is  l oca l i ty .  Further  desc r ipt ion of  the foss i l l eaves 
a t  t h i s  loca l i ty a re wa nt i ng in t he l i te rature , however . 

I n  add i t i on  to frui ts , n uts , and l eave s ,  si l i c i fied wood may a l so be 
found  i n  t h i s  area . Some of th i s  wood co nta i n s  repre sentat i ons of fung i , 
two spec ie s  havi ng bee n  descri bed by Scott ( 1 955) . I n  t he same paper , 
S cott i nd i cated t hat he had ident i f ied more t ha n  25 spec ies of foss i l  wood 
from th i s  l oca l i ty ,  but they were not descri bed . 

T he aut hor has a l so co l l e cted foss i l wood from th i s  area . Pa l m ,  
wa l nut (J ug l a ns ), C i nnamomum , sycamore , ( P i atan us ) , and wood from severa l 
other as yet un iden t ified ge nera are prese nt . S ign ificant l y ,  gym nosperm 
wood was absent . Th i s  l oca l ity is probab ly  one of  the few p l ant  foss i l 
l oca l i t ies  i n  the e nt i re wor l d t hat offe rs t he opportun i ty of corre l at i ng 
spec ies ide nt i fi cat ions from fru i t s ,  wood , and l eaves of a p l ant . T he age 
o f  t hi s  l oca l i ty i s  cons idered to be m idd l e  upper Eoce ne . 

C he rry C reek and C urrant C reek l oca l i t ie s :  
The first fossi l p la nts  s tudi ed i n  the C l arno Format ion were obta i ned 

from two l oca l i t ie s  i n  Jeffe rson County ,  C he rry C reek (T . 1 0  S . , R .  1 9  E . )  
a nd C urrant C reek (T . 9 S . ,  R .  1 8  E . ) , t he exact geograph ica l  l o cat ions 
of  wh i c h  a re not prec i se l y  descr ibed in t he I i te ratu re . C o l l ect ions  from 
t he se l oca l i t ies  we re fi rst st udied b>· Newbe rry ( 1 883 ,  1 898 ) ,  a nd Lesquereux 
( 1 883) and subsequent l y  by K now l ton ( 1 902) . A l t hough t he determi nat ions 
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SOME TYPICAL FOSSI L  LEAVES 
FROM THE CLARNO FORMATION, OREGON 

l .  Sabalites eocenica (Lesa} Dorf - PALM 

2. Magnolia leei Knowlton - MAGNOLIA 

3 .  Laurophy llum merri IIi Chaney and Sanborn - LAUREL 

4. Cryptocarya eocenica, new species - PECAN 

5.  Litsea oregonensis, new species - CHINESE CHERRY 

6 .  Persea praelingue Sanborn - AVOCADO 

(All specimens approximately one-half natural size} 



a re ma i n l y  of h i stor ica l i nte rest , and undoubted l y  req ui re rev i s ion i n  the 
l i g ht of newer work , t hey are i n c l uded here for compar i son  w i t h  t he l i sts 
of  foss i l s  from other C l arno l oca l i t ies . 

Lygod i um ka u l fuss i i  
A l l a ntodiopsi s e rosa 
Equ i setum oregone nse 
Sa l ix  sch imperi 
J ug l ans rugosa 
J ug l a ns? be ndi re i  
H i cor ia? oregon iana  

C he rry C reek 

Quercus furc i nervis  amer icana 

C urrant C reek 

Cerc i s  te nui nerv i s  
Mag no l ia c u l ver i  
C i nnamomum d i l l e r i  
R hamnus  c l eburn i  
P l atanus bas i l obata 
D iospyros a l askana 
Phy l l i tes wascoe ns i s  
P hy l l i tes sp . 

Pteri s pseudop i nnaeform i s  
Gon iopter i s  l esquere ux i 
Equ i setum oregone nse 

More rece nt l y ,  Arnol d ( 1 952)  has descri bed the rema i ns of a s i l i c i 
fied tree fer n ,  Osmundi tes  c hand l e ri , from th i s  same genera l area . Th i s  
str i k i ng foss i l wa s  found 9� miles  east and 3 m i l e s  nort h of t he sma l l  tow n 
of Ashwood (T . 9 S . ,  R .  1 8  E . ) , on  or near the east -west I i ne separat i ng 
sect io ns 1 5  and 22 . T hi s  same area y ie l ds scattered rema in s  of si l i c i fied 
wood ,  none of  w hi c h  have bee n desc ri bed  i n  t he I i te ratu re , a nd s tems of a 
fern prov i s iona l l y  refe rab l e  to the ge n us Eorha c hi s . 

Post fossi I wood loca l i ty :  
On  the C l arno surfa ce ,  nort h and east of  Post in C rook County ,  

cons iderab l e  s i l i c if ied p l a nt rema i ns may be found . Arnol d ( 1 945 , 1 952)  
has descr i bed  a fern stem , Osm und i tes oregonen si s ,  wh ich  i s  c l ose l y  re l a ted  
to the fe rn stems obta i ned  near C urra n t  C reek . The l oca l i ty i s  i n  the nort h 
western corne r of  sec .  27 , T .  1 6 S . ,  R .  20 E . , 8 m i l es d ue east of Post on 
a sma l l  t r i butary of C rooked R i ve r ,  k nown l oca l l y  as Lost C ree k ,  that f l ows  
i nto i t  from t he nort h . 

T he aut hor has obta ined s i l i c i f ied wood from two a reas ,  one o f  wh i c h  
i s  8 m i l e s  due east of Post and  t he  ot her 3 m i l e s  nort h of t he  f irst . N e i t he r  
of  t hese y i e l ded any con i ferous woods i n  contrast t o  t he Mi tche l l  a n d  Hamp
ton Butte foss i l  wood loca l i t ies  ( see be l ow) . Seve nteen spec ie s  have been  
d i ffere nt iated , bu t  on l y  a few have been  ide nt i fi ed  w i t h  any  certa i nty . 
T he predom i nant fossi l is a sycamore (P l atanus ) ,  s im i l ar to but not ide nt i c a l  
w i t h  a ny  l i v i ng sycamore w i t h  wh i c h  the authOr i s  acquai nted . Pa l m  wood 
a nd roots ,  Q uercus (one spec imen  on l y ) ,  and a wide-rayed wood apparen t l y  
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refe rab l e  to C ryptoca rya are notab l e .  O ther genera provi s iona l l y i dent i 
fied were Jug l a n s  ( i dent i ca l  w i t h  tha t  oc curr i ng at C l arno ' s  Ferry ) ,  V i t u s ,  
R hamnus , Magno l i a ,  Ocotea , a nd Nyssa . Severa l wood s ,  though not i de n 
t i fied  as t o  ge ne ra , appear  t o  b e  iden t i ca l  w it h  spec i mens obta ined from 
the type l oca l i ty .  I t i s  con c l uded tha t the foss i l -beari ng strat um i n  th i s  
a rea i s  s l i g h t l y  younger t han that at  C l o rna ' s  Fe rry , or uppe r Eoce ne . 

P i l ot Rock l oca l i t ie s :  
T he most exte nsi ve l y  stud ied  fl ora , outs i de of t he type l o ca l i ty ,  i s  

t ha t  obta i ned from two l ocat ions  o n  East B i r ch  C reek about 1 0  mi l es sout h
east o f  t he  town of P i l ot Rock i n  Umat i l l a  Cou nty . L ea f  impressio ns (see 
i l l ustra t ions) we re obta i ned  from a variab ly  textured sandstone d ipp i ng 26° 
due east . T he basa l beds are a n  unfossi l i fe rous white tu ff, wh i l e  t he sed 
iments are u nconfo rmab ly  over l a i n  by northweste r l y  d ippi ng Co l umbia  R i ve r  
B asa l t  (m idd l e  Miocene) . Exte nsi ve co l l ect i ons were made by  stude nts of  
the l ate Dr . E the l  Sanborn of O regon State Co l l e ge from t he N E* sec . 7 ,  
T .  2 S . ,  R .  3 3  E . ,  and t he SW* se c .  1 2 , T .  2 S . ,  R .  32  E .  Notes l e ft by 
Dr . Sanborn and subseque nt stud ies  by t he a uthor show t he prese nce of t he 
p l a nts l i sted on the fo l l ow i ng page . 

T he on l y  pub l i shed re fere nce to t he compos i t i on  of the f l ora at t h i s  
l oca l i ty i s  t hat o f  G . M . Hoge nso n  ( 1 957), who i nc l udes a t h i rd l ocati o n  
i n  t he NW* N E* se c .  3 1 , T .  2 S . , R .  33 E .  He reports determi nat io ns of 
7 spec i es made by R . W . Brow n of the U . S . Geo l og i ca l  Survey , wh i c h  are 
i n  genera l  agreeme nt w i t h  those reported here . F rom the composi t io n  of 
t h i s  fl ora , t he age of  the l oca l i ty i s  consi de red to be i ntermedi ate between 
that of the Comstock a nd Goshe n fl oras of Western Oregon , name l y  l ower 
O l i gocene , and younger than t hat of t he type loca l i ty at C l arno ' s  Fe rry . 

Arbuc k l e  Mounta i n  l oca l i ti e s :  
A group of C l arno Format ion  l oca l i t i e s  y i e l d ing  abundant remai ns of 

pa l ms (Sobo l i tes) occurs in the v i c i n i ty of Arbuc k l e  Moun ta i n i n  Morrow 
Cou n ty a bout  20 m i l es sou th east of H eppner . Two sma l l  co l l ec t ions ,  num
bered PF6 1 a nd PF62 in  th e Deportment m useum , i nc l ude  Magno l i a  sp . ,  
Sobol i tes  eocen i co ,  Sa l ix? , and L aurophy l l urn . Fossi l s  from PF6 1 we re col 
l ected i n  1 945 by c .---o:-c l ark on the he adwaters of Johnson C reek ,  a 
t ri b utary of B utter C ree k ,  near t he d iv ide w i th  Wi l l ow C reek  i n  sec .  1 9 , 
T .  4 S . , R .  29 E .  Fossi l s  from PF62 are probab ly  from the same genera l  
are a ,  but exact l ocat ion  i s  not ava i l abl e .  

A nother l ocat ion  k nown as the Arbuck l e  Mounta i n  l oca l i ty , br iefl y  
me nti oned  by C haney ( 1 948) , was d i scovered by J . E . A l l e n  ( 1 947) d uri ng 
o coa l  survey for the depa rtment . H i s  notes descr ibe the l ocat ion  as be i ng 
1 �  mi l e s  northwest of Arbuck l e  Mountai n at the j unct ion of the Heppner
Uk iah road with the A rbuck l e  corra l  road in  the NW� SW� sec . 1 9 , T .  4 S . , 
R .  29 E . ,  24 m i l es southeast of Heppne r .  Foss i l  l eaves were pi cked up , 
ove r a d i stance of seve ra l hundred fee t ,  from a sha l y  bed i n  sandstone 
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wh i ch  crosses t he rood j unct ion . I t is poss i b l e  that th is  l oca l i ty i s  t he same 
O S  P F62 . 

A l l e n  a l so ment ions t hat l eaf  i mpri nts occur i n  sandsto ne and sha l e 
beds assoc i ated w i t h  the coa l at t h ree m i ne s  i n  the v i c i n i ty of t he Arbuck l e  
Mounta i n  l oca l i ty .  T hese are : m i ne N o .  1 i n  t h e  SW� N E� sec .  2 0  a nd 
mi ne N o .  3 i n  t he SW� N E� sec . 1 9 , bot h i n  T .  4 S . ,  R .  29 E . ,  and at 
m i ne N o .  7 i n  t he NW� SW� sec .  34 , T .  4 S . , R .  28 E .  

A l l e n ' s  m i ne N o . 7 (W i l l ow C reek prospects) was descri bed prev ious l y 
by Me nde nha l l ( 1 909) of t he U . S . Geo l og i ca l  Survey ,  who submi tted 
spec imens of foss i l  p l ants to F . H . K now l to n  for dete rm inat ion . K now l ton  
reported the  fo l l ow i ng spec ie s  wh i c h  he regarded as " uppe r  C l arno " or 
upper Eocene : 

Monocoty l edonous p l ant ( " unknow n  to me " )  
G l yptostrobus c f .  G .  europaeus Heer  
Q ue rcus  cons im i l i s ?  Newberry 
Popu l us sp . ?  

Hoge nson ( 1 957) co l l e cted foss i l  l e aves i n  the Arbuck l e  Mounta i n  
a rea  from "a  sha l e  bed  u nderl y i ng massi ve sandstone bed  wh i ch  forms a 
r idge top " i n  the N E� NW� sec . 20, T .  4 S . , R .  29 E .  The foss i l s  from t h i s  
t h i s  l ocat ion were i de nti f ied b y  R . W .  Brown a s  fo l l ows: 

Ane im i a  sp . Q ue rc us banksiaefo l i a  Newberry 
Magno l i a  s p .  G l yptostrobus dakotens is  B rown 

Sabol  i tes  sp . Carpites verrucosus Lesquere ux 
N umerous other di coty l edonous l eaves 

A l t hough t he fossi l s  from the Arbuck l e Mounta i n  l oca l i t i es have not 
bee n stud ied comp l ete l y ,  i t  seems I i ke l y  that they are conte mporaneous 
w i t h  the P i l ot Rock fl ora . 

R i ve rsi de Ranch l oca l i ty : 
A small assembl age of l ea f  fossi l s , c l ose l y  re l a ted in composi t ion to 

those obta i ned from C he rry C reek , has been  descr ibed  by C ha ney ( 1 927) . 
T hey were obtai ned on  the R i ve rside Ranch ,  34 mi l es up the C rooked R i ver  
from Pr inev i l l e ,  "one -ha l f  m i l e  north of the hi g hway on the  west ba nk of  
W i ck ieup C reek " i n  C rook Cou nty . A l t hough on l y  5 spec ie s  were  charac
ter ized ( P i nus sp . ,  Q uercus furc i ne rv i s amer icana , Sassafras sp . ,  P l atanus 
c f .  nobi l i s ,  a nd R ham nus c l eburn i ) ,  they hol d cons iderabl e  si gn i f i cance . 
I t  i s  q uest ionab l e  i f  a ny of these spec ies  ore pre se nt i n  the C l arno ' s  Ferry , 
West Branch Creek , or P i l ot Rock co l l ect io ns .  It appears that th i s  l oca l i ty 
is l ower to m i dd l e  O l igocene i n  age . 
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P i l o t R o c k  P l a n t  F o s s i l s  

C i nnamomum acrodrom um 
P l atanus aceroides 
G lyptost robus dakotens is  
Equ i se t um oregone ns i s  
Laurus pr i nceps 
O cotea eocernua 
Sabo l i tes eocen i ca* 
Cord ia  rotu nda 
! l ex orego na 
S iparuna ova l i s 
S i paruna stand l eyi 
Ca l l i c h l amys zetek i  

Ma l l ot us oregonens i s  
Mag no l ia l ee i* 
F i c us goshens i s  
Persea prae l i ngue* 
Anona pre re t i  cu i  ata 
Laurop hy l l um merr i l l i * 
F i c us qu i samburg i i  
Magno l ia re t i c u l ate 
Mag no l ia  ca l i fo rn ica  
Gon iop ter i s  l esq uereux i 
A l l a ntodiops i s  erose 
As im i na eot r i l oba 

Tetracera prescandens 
C ryptoca rya eoce n ica* 
L i t sea oregone nsi s* 

T hu i tes  sp . 
F i c us c f .  F .  h i spada L i nne 
Oreodaphne sp . 
Ca l yptranthes c f .  C .  arbut i fo l i a  C .  a nd S .  
Nectandra c f .  N .  pre sangu i nea , C .  a nd S .  
Ocotea sp . 
Ara l i a  ( P I  ata nophy l l u rn )  
R hamnus  c f .  R .  pseudogo l d i anus  H o l l i c k  
C redneri a sp . 
Ar i sto l och ia  cf . A .  mexicana C .  a nd S .  
C ryptocarya sp . 
Di l l e ni a  sp . 

* Spec ie s  i l l ustrated .  
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Bear C reek and Hampton But te l oca l i t i e s :  
A n umber  of authors (Mote ,  1 939; Bowma n ,  1 940; Lowry , 1 940; a nd 

others) have suggested d iv i s ion of t he C l arno Format i on  i n  sout her n  C rook 
County i nto a l ower and upper member  on l i t ho l og i c  g rounds . A younger 
age for a n  upper d iv i s ion  seems a l so to be j ust i fied  o n  t he bas i s  of p l a nt 
fossi l d i fferences . Two foss i l l eaf l oca l i t ies  near the j unct ion  of t he road 
in t he upper Bear  C reek Va l l ey (se es . 9 a nd 1 7 ,  T .  1 8  S . ,  R .  17 E . )  are 
ment ioned by Lowry ( 1 940 ) .  A few spec imens from t h is l oca l i ty were 
p rese nt in co l l ect ions  at Orego n State C o l l ege .  A l t houg h t he co l l e ct ion  
i s  meager and preservatio n  i s  on l y  fa i r ,  t he fo l l ow i ng cou l d  be  ident i fi ed :  
T hu i te s  sp . K now l to n ,  P i nus know l ton i , Ce rc i d iphy l l um crenatum , Q ue rcus 
�sis ,  Carp i nus grandi s ,  Ost rya oregoni ana , Pl atanus sp . ,  A l nus (? ) 
sp . ,  and  Pter i s  sp . Many of these occur  i n  the Br i dge C reek f l ora (John 
Day Format ion) ( C ha ney 1 927 , 1 952 )  and i t  is possib l e  t hat these l oca l i t i e s  
m ight be more proper l y  re fe rred to  the John  Day because of  th i s .  

A few mi l es t o  the sout heast may b e  found extens ive deposits  o f  
foss i l  wood . T hese have a compos i t ion  w h i c h  i s  c l ose l y  re l ated to t hat o f  
t he previous ly  ment ioned l e a f  l oca l i ty , but w h i c h  a l so conta i ns a few sub
trop ica l  spec ie s  not present in t he John Day .  T he best co l l ect i ng appears 
to be i n  the Hampto n  B ut te area i n  sec .  36 , T .  1 9  S . , R . 1 9  E . ,  1 2  m i l es 
nort h o f  the Bend-Burns h ighway . T he s i l i c i fied  wood i n  t h i s  area i s  fre 
q uent l y  co lored i n  green o r  carne l i an  shades a n d  t he refore i s  h i g h l y  pr ized 
by hobby i s ts .  Approx imate l y  t hree -fourths of t he spec im ens co l l ected by 
t he aut hor in th i s  area were co n i fe rous , ha l f of these be i ng a spe c ie s  of 
p i ne s im i l ar to that occurr i ng  in the John Day Format ion , but defi n i te l y  
not ide nt i ca l . Cypress a n d  Taxod i um (ba l d  cypress )  or  Seq uoia (redwood ) 
a l so appeared to be prese nt . O f  the ang iosperms , more tha n  ha l f  were a 
Q ue rcus o f  t he I ive -oak type . E l eve n  other ge nera were d i st i ngu i shed , 
i nc l ud i ng C i nnamomum , Mag no l i a ,  Ocotea , and  P l atanus . Pa l m ,  tree 
ferns ,  J ug l a n s ,  and most other  C l arno type- l oca l i ty genera were abse nt . 

Specime ns of fossi l wood were a l so co l l e cted at Lowry ' s  ( 1 940 ) pet
r i f ied wood l oca l i ty ( SW corner sec . 8 ,  T .  1 9  S . ,  R .  1 8  E . ) .  T h i s  l oca l i ty 
y ie l ded o n l y  con i fers ( Pi nus and Taxod ium or Sequoi a ) and sycamore (P l atanus ), 
b ut there i s  l i tt l e  quest ion  about i t s  co ntempora ne i ty w i t h  the Hampton 
B utte l oca l i ty be cause of t he d i st i nct ive co l or i ng o f  t he spec i mens . Bowman 
( 1 940) reported t he prese nce of th ree foss i l  l ea f  horizons i n  the va l l ey of 
t he so uth  fork of Camp C reek (T . 1 9  S . ,  R .  2 1  E . ) , but preservat ion  was 
poor a nd on ly P l atanus and Equ i se tum cou l d  be ident i fied . A l l  of t he wood 
stud ied was e ither  in  s i tu  or traceable to i ts  ori g i na l  source . 

Mi tche l l  fossi l wood l oca l i ty:  
Sil i c i fi ed wood , s imilar  in  appearance a nd compos i t i on  to t hat  ob

tai ned from t he Hampton But te  a nd Bear  C reek areas , may be found 1 � 
mi l e s  south  of Mit c he l l i n  sec .  1 5 ,  T .  1 2  S . ,  R . 2 1  E . ,  on the east s ide 
o f  N e l son Creek . The l oca l i ty was d i scovered by Howard ( 1 955) and 
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mapped a s  upper C l arno . T he wood has been e roded from tuffs and brecc ias  
rem i nisce nt o f  Lowry ' s  and Bowma n ' s " Upper C l arno" membe r of t he C l a rno 
Format ion . More than ha l f  o f  t he spec ime ns from t h i s  area are p i ne ,  ide n
t ica l  w i t h  that  fou nd in  the  v i c i n i ty of Hampto n  Bu tte . Of the 1 2  or more 
ang iosperms found at th i s  loca l i ty ,  at l east 6 a re a l so ide nt i ca l  w i t h  t hose 
at  H ampton B utte . I nsuffi c ie nt work has bee n  done to c haracter ize t hem 
comp l e te l y ,  bu t  there i s  l i t t l e  doubt that  the fl ora from bot h t h is a nd the  
Hampto n B utte loca l i ty a re  much  more c l ose l y  re l ate d  to t he  subsequent 
John Day fl ora t ha n  t he ear l ie r  C l arno type fl ora . A m idd l e  to upper O l i 
gocene age for t he se l oca l i t i e s  appears to b e  j ust i fied o n  t he basi s o f  the 
present e vide nce . 

C o n c l u s i o n  

A n  exami nat ion  of t he p l a nt fossi l s  from 9 groups o f  C l a r no Forma
t ion  l oca l i t i e s  i n  Centra l  Oregon shows suc h a d i vers i ty of compos it i on  
t hat i t  m ust be  conc l uded tha t  t h i s  fo rmat ion was l a i d  down ove r a con
s iderab l e  per iod of t ime . Best e st i mates on  t he basi s  of f lora l evi dence 
suggest a range from m idd l e - upper Eocene to m idd l e-upper O l i gocene . 
T h i s  conc l us ion a l so co i nc ides  w it h  t hat of some of t he more rece nt l i tho 
l og i c  stud ie s  (Wi l k i nson persona l  commun ication ) . 
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R E PR I N TED FROM 
The ORE  B I N  
Vo l ume 35,  no . 3 ,  p .  37-5 1 
March 1 973 

TH E O L I G O C E N E  LYO NS F LORA O F  N O RTHW ESTER N O R E G O N  

H er b  Meyer 
S tuden t ,  Por t la nd  S ta te Un i vers i ty 

Th e purpose of th is s tudy of the Lyons f l ora is to determ i ne th e age and  
pa l eoeco l ogy of the  f lora through the exa m i na tion  a nd identi f ica t ion o f  th e 

foss i l p l a n t  spec i es of th e f lora . 
Th e p la n t  foss i  Is com pr i s i ng the Lyons 

f l ora were co l l ec ted from a loca l i ty in th e •�c:,n:fl��oro u pper Thomas Creek area , 5 mi l es sou theast of 
the town of Lyon s ,  Oregon . 

G e o l o g i c  O c c u r r e n c e  

Th e beds from w h i ch th e lyons f l ora wa s 
obta i ned are  par t  of the Li tt l e  Bu tte Vo l ca n i c  Ser i es of O l igocene a nd ea r ly 
M i ocene age descri bed by Pec k a nd oth ers ( 1 964) . S tra ti graph i ca l l y be low 
the foss i l depos i t ,  the Li tt l e  Bu tte Vo lcan i c  S er i es i s  chara c ter i zed by a 
pum i ceous tu ff-brecc ia wh i ch  con ta i ns b l oc ks and fragments of a vo l ca n i c  
f l ow roc k .  Th i s  exposure ,  th e base o f  wh i ch i s  n o t  exposed , under l i es th e 
foss i l  depos i t  for a th i c kness of more tha n  400 feet . 

Th e deposi t conta i n i ng the foss i l  l eaves is com posed of a th i n l y  l am i 
na ted tu ffaceous ma ter i a l wh i ch h a s  been s i l i c i fed to vary i ng degrees . Th ese 
beds may have been depos i ted in a sha l l ow , qu i e t  body of wa ter . Lac ustr i ne  
depos i t ion i s  sugges ted by t he  s tra ti fi ca t ion of th e bed s ,  th e abunda n t  pres
ence of foss i l  l eaves ,  a nd the presence of one wa ter p la n t  in th e foss i l record . 

C o m p o s i t i o n  o f  t h e L y o n s  F l o r a  

Tw en ty- four  i den ti fi ed foss i  I p la n ts represen t the lyons f lora as i t  i s  
know n  a t  th i s  poi n t  i n  th e s tu dy . Tw e l ve have been iden t i fi ed to s pec ies 
a nd twe l ve have been ident i fi ed on l y  to genus ( Ta b l e  1 ) .  

Ed . note : H erb  M eyer was a n  OMS I  s tudent  research  wor ker and  a w i n ner 
in the 1 972 West i nghouse S c i ence Ta l e n t  S earch . 

89 



Ta b l e  l .  Sys temat i c  l i st of spec i es 

GYM N OS PERMAE 

G I N KG OALES 
G I N K G OACEAE 

G i n kgo bi lobo L .  

CON I FE RA LES 
P I NACEAE 

Abies sp . 
TAXOD IACEAE 

Cunn i ngham ia cha neyi La kha npo l 
M etasequoia occ idento l i s (New

berry) Cheney 
Sequoia a ffi n i s  Lesquereux 

CU PRESSACEAE 
Chamoecyporis  sp . 

ANG IOS PERMAE 

G LUM I F LORAE  
CYP ERACEAE 

o ff .  Cyperac i tes sp . 

J U G LA N DA LES 
J U G LA N DAC EAE 

Pteroca ryo mixto (Know l ton) 
Brow n  --

FAGA LES 
B E TU LACEAE 

A l nus sp . 1 
A l nus sp . 2 

FAGAC EAE 
Casta nopsis long i fo l i us Lakha npo I 

ROSA LES 
SAX I F RAGAC EAE 

Hydra ngea sp . 
HAMAM E L I  DAC EAE 

Exbuck landia aregonensis 
(Chaney) Brown 

G row th hab i t  

AN G I O S PERMAE,  conti nued 

ROSALES , cont i nued 
P LATANAC EAE  

P la ta nus condon i (Newberry) 
Know I� 

R OSACEAE 
Rosa hi  I I  iae Lesquereux 

SAP I N DALES 
AC ERACEAE 

Acer sp . 
SABIACEAE 

Me l iosma sp . 

MA LVA LES 
T I L IACEA E  

Ti l ia sp . 

MYR TI F LORAE 
NYSSACEAE 

Nyssa sp . 
ALANG IACEAE 

A la ng i um thomae (Cha ney a nd 
Sanborn} Lo kha npa l 

ER ICA LES 
C LE TH RACEAE 

C l e thra sp . 

C O N TORTAE 
O LEAC EAE 

F rax inus  s p .  
G E N TIANAC EA E  

Nymphoides c i rcu lar is  (Cha ney)  
Brown 

TU B I F LORAE 
VERBE NACEAE 

Ho lmskio ld ia  spe i r i i ( Lesquereux) 
Mac G i n i ti e--

The fo l l ow i ng conc l u s ions regard i ng the grow th hab i t  of the Lyons  
spec i es hove been made th rough com par i sons w i th the s im i lar  l i v i ng spec i es .  
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G i nkgo bi lobo 
Ab ies sp

-
.
--

� ngham ia chaneyi 
M etasequoia occ i denta l i s  
S equoia affi n i s  
Chamaec� sp . 
Casta nops i s  long i fo l i u s  

Trees 

Exbuc k l a nd ia  oregonens i s  
P la ta nus condoni 
Acer sp . 
T i l ia sp . 
Nyssa sp . 
Frax i nus sp . 

Low Trees a nd Sh rubs 

Pterocarya m ix ta 
A l nus sp . 1 --

A i nus  sp . 2 
Rosa h i  l l ia e  

H ydrangea sp . 

a ff .  Cypera c i tes sp . 

V i nes 

H erbs 

M e l i osma sp . 
A lang i um thomae 
C l eth ra sp

-
. 

--

H o lmsk io ld ia  spe i r i i  

N ym pho i des c i rc u l a r i s  (aquat ic )  

A l though th is  i nforma tion wou l d  seem to i nd i ca te tha t trees com pr i sed 
m ost of the vegeta tion , i t  shou ld be cons idered tha t th i s  type of vegeta ti on 
is more read i l y  preserved in th e foss i l record . The larger s ta ture of trees 
and the grea ter quan t i ty of the i r  l eaves wou l d ,  a s  d i scussed by La khanpha  I 
( 1 958) , i nc rease the probob i l i ty of the i r  preserva ti on . 

P a l e o e c o l o g y  

The i n terpreta tions of the pa l eoeco l ogy of the Lyons f l ora are bo sed 
u pon com par i sons w i th the s im i lar  l i v i ng spec i es and the i r  c l imat i c  d i s tr i bu
t ion a nd upon the ana l ys i s  of phys iognom i c  l ea f  c ha rac ters . 

D i s tr i bu tion of s im i la r  l i v i ng  spec i es 

Tab l e  2 shows the s im i la r  l i v i ng spec ies of th e Lyons p l a n ts i den ti f i ed 
to spec i es and th e geograph ica l d i s tr i bu t ion of ea ch . Those p l a n ts known 
on ly  to  genus  have  not  been  i n c l uded s i nce most  of them have w idespread 
geograph i ca l d is tr i bu tion . 

Th e fo l l ow i ng spec i es , as j udged by the i r  s im i la r  l i v ing  spec i es ,  were 
typi ca l l y su btropi ca l :  G i n kgo b i l oba , Casta nops i s  l ong i fo l i u s ,  Exbuck la ndia 
oregonensi s ,  P l a tanus  condon i , A la ng i um thomae ,  and  Ho lmski o l d ia spe i r i i . 
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Typ i ca l l y tempera te spec ies  i nc l ude  th e fo l low i ng :  M e tasequo ia  occ i den ta l i s ,  
Sequoia a ffi n i s , Pterocarya m ixta ,  a nd Rosa h i l l ia e . Cunn i ngham ia  chaney i  
i s  bo th subtropi ca l a nd tem pera te . Many  genera not  i nc l uded i n  Tab l e  2 ( i . e . , 
Ab ies ,  Chamaecypar i s ,  A l nus , Acer , Ti l ia ,  a nd F rax i nus ) are predom i na n t l y  
tem pera te p la n ts ,  wh i l e Meifosrllii"Ts predom i na n t ly subtrop ica l .  

Ana l ys i s  of l ea f  charac ters 

Certa i n  physi ognom i c  c harac ters of the l eaves presen t  i n forma tion 
w h i ch can  be used as  an i nd i ca t ion  of the pa l eoc l ima t i c  cond i t ions under 
w h i ch a f l ora l i ved . Th e a na l ys i s  of such chara c ters for severa l f l ora s  are 
shown  in  Ta b l e  3,  by percentage . 

Th e l eng th of the l eaves has  been m easu red a nd recorded i n  two ca te
gori es : those 1 0  em and under and  those over 1 0  em . Margi na I chara c ter
i s t i c s  have been d i s t i ngu i shed as en t ire or non-en t ire . En t i re i n c l udes those 
l eaves w i th no regu la r  i ndenta ti ons a long the marg i n ,  wh erea s non-ent i re 
i nc l udes ma rg i ns wh i ch are lobed , toothed , or have oth er regu l a r  i ndenta 
t ions . T h e  occurrence o f  a n  a brupt ,  e longa te a pex confirms the presence 
of � dr i ppi ng poi n t .  Th e texture of the l eaves of a spec i es ha s  been deter
m i ned e i the r  a s  th i c k  or th i n .  

La rge l eaves a re  frequen t l y  predom i nan t  i n  the trop i ca l a n d  subtropi 
ca l f l ora s; sma l l er l eaves occu r  more frequen t l y  i n  the coo l er f l oras . Leaves 
w i th en t i re marg i ns are typ i ca l of c l ima tes tha t  are physi o log i ca l l y a r i d  for 
the p l a n t  du r i ng  par t  or a l l  of i ts grow i ng season ( i . e . ,  tropi ca l ,  non-hum id  

Tab l e  2 .  D i s tr i but ion of s im i la r  l i v i ng spec i es 

Fossi I spec ies 

G i n kgo bi l oba 
Cunn i ngham ia chaneyi 
M etasequoia occ i den ta l i s 
Sequoia a ffi n i s  
P teroca rya m ix ta 
Casta nops i s  long i fo l i us 
Exbu c k l a nd i a  oregonens i s  
P la ta nus condoni  
Rosa h i l l i� 
A lang i um thomae 
H o lmski o l d i a  spe i r i i  

L iv i ng spec i es 

G .  b i loba 
C. l a nceo l a ta 
M . G lz:p tostrobo i des 
S .  semperv irens 
P. pa l i urus 
Casta nops is  spp . 
E .  popu l nea 
Pla ta nus spp . 
R .  pa l u s tr i s  
A .  ch i nense 
H .  sa ngu i nea 

Tota l 

92 

East 
As ian  

X 
X 
X 

X 
X 
X 

X 
X 

8 

Amer i ca n  
Eas t  West 

-- ---

X 

X X 
X 
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Ta b l e  3 .  Percentage of l ea f  chara c ters 

Length AAarg i n  
over u nder non-

F lora ] 0 em l O cm ent i re ent i re 

Lyons 

B r i dge  Creek 

AAuir  Woods modern 
forest 

35 

30 

27 

S c i o  3 3  

Gosh en 53 

Pa nama modern forest 56 

65 

70 

73 

6 7  

4 7  

44 

40 60  

25  75 

23 77 

33  67  

6 1  39 

88 1 2  

Dr i pp ing  
po i n t  

pres-
Texture  

en t  a bsen t  th i c k  th i n  

1 0  

1 0  

9 

33 

47 

76 

90 

90 

9 1  

6 7  

5 3  

24 

30  70 

55 45 

64 36 

44 56 

98 2 

98 2 

tem pera te, a nd a rc t i c c l ima tes) . Leaves w i th non-ent i re marg i n s  a re  more 
chara c ter i s t ic  of h um id c l ima tes wh i ch  are not phys io log ica l l y arid for the 
p la n t . Dr i ppi ng poi n ts are usua l l y presen t on l y  in the la rge ,  ent i re  marg i ned 
l eaves of trop i ca l and subtrop i ca l f l oras . Leaves w i th th i c k  textures are a l so 
typi ca l of trop i ca l  a nd subtropica l spec i es .  

Compar i sons w i th th e other f l oras i n  Ta b l e  3 i n d i ca te tha t the Lyons 
f lora i s  u n l i ke th e subtrop ica l Gosh en f l ora and the more trop ica l Panama 
modern forest . A c l oser s im i l a r i ty to th e tem pera te Bridge C reek  and AA u i r  
Woods f l oras i s  a pparen t .  T h e  Lyons spec i es a re  qu i te s im i la r  t o  the S c i o  
spec i es i n  s i ze , textu ra l ,  a nd ma rg i na l chara c ter i s t i c s . T h e  S c i o  f l ora i s  
a pparen t l y  a sem i -su btropi ca l coas ta l f lora , a l though  i t  has  few spec i es i n  
common w i th the Lyons f l ora . 

Pa l eoeco log i ca l cond i t ions of th e Lyons f lora 

Th e com pa r i son w i th modern spec i es and  th e a na l ys i s  of l ea f  charac
ters  i nd i ca te tha t the Lyons f lora conta i ned p la n ts wh i c h  w ere  both subtrop
i ca l  a nd tempera te,  a l though th e tempera te spec i es w ere predom i na n t .  
S i nce the Lyons  f l ora grew near  the marg i n  o f  the O l i gocene sea , the occ ur
rence of bo th subtrop ica l and tem pera te spec i es in the f lora can be a ttr i bu ted 
to the modera te c l imat i c  cond i tions w h i ch resu l ted from th e i nf l u ence of a 
mar i ne  c l imate . U nder such  modera te condi t ion s ,  subtropi ca l spec i es wh i ch 
were typ i ca l i n  the Eocene and ear l y  O l i gocene f loras had  survi ved i n to the 
m idd l e  O l igocen e . 
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Th e Lyons f l ora proba b l y represen ts a forest w h i ch grew near a coasta l  
envi ronm en t w h i c h  had a warm tempera te c l imate w i th m i l d ,  moderate temp
era tu res . 

A g e a n d  C o r r e l a t i o n  o f  t h e  F l o r a  

Th e Tert iary of  western Nor th Ameri co exper ienced a c l ima ti c  coo l 
i ng trend as  th i s  per i od progressed . Eocene a nd ear l y O l i gocene f l ora s con
ta i n  typ i ca l ly trop ica l or su btrop i ca l p la n ts . Beg i nn i ng  in th e m idd l e  O l i go
cene and cont i nu i ng th rough the m i dd l e  M iocene , c l ima t i c  cha nges gave 
rise to tempera te ha rdwood-con i fer forests . Coo l tempera te f loras became 

Ta b l e  4 .  D i str i bu tion of L yons spec i es i n  other Tert iary f loras 

P l i o-
O l igocene M i ocene ene 

� � 
>.. -o � >.. -o � >.. 
.. -o � -

c .. a � a � a a UJ -' UJ -' UJ 

.. 
� � 
Ql � � a Ql - Ql � � .... .. � � u c: u > - Cl 

.E !il c: a :u u - c: a Ql Ql a -o "' "' ..r:. -o Cl > � ..r:. u .:.i2 .... 
E .. "' -� .12.. -o 5l .E "' c: ::> 
0 0 0 Cl a 0 

Foss i l spec ies  
- 0 u ::> .. � a _g � .... ..:: u u.. Vl <><: co UJ Vl 

G i n kgo b i l oba X X X 
Cunn i ngham ia cha neyi X 
Metasequo ia  occ i den ta l i s  X X X X 
Sequoia a ffi n i s  X X 
P terocarya m ixhl X X X X 
Casta nops is  long i fo l i us X 
Exbu c k l a nd ia  oregonens i s  X X X X 
P l a ta nus  condoni X X 
Rosa h i  I I  ice--- X X 
A lang i um thomae X X X X 
N ym pho i des c i rc u la r i s  X 
H o lmskio l d ia  s pe i r i i  X X X 

Spec i es i n  f l ora 0 3 2 2 8 7 l 2 3 2 l 0 
S pec i es i n  sub- epoc h  3 l l  l 2 3 l 0 
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Tab l e  5 .  D i str i bu t ion of Lyons genera i n  other Tert iary f l ora s 

P l i o-
O l i gocene M i ocene c ene 

Q) Q) 
>- -u Q) >- -u 2 2:-
0 -u .... 0 -u .... 

� 0 � 0 0 w ....! w ....! w 

.... 

� 2 
Q) � � 0 Q) - Q) 3: � .... .... Q) � u c u > .... - Ol 0 lil c 0 � u - c � .... Q) Q) 0 � "' "' .J:: -u Ol > � .J:: u E .... "' .2 .Q.. -u 2 Ol .E "' c ::> 0 ..2 0 0 ·.;::: 0 

Foss i l genera 0 u ::> .... 3: 0 0 � ..= u u.. Vl 0:: r:c w ....! Vl 

Abies X X X X X 
Chamaec�par i  s X X 
A l nus X X X X X X X 
H ydra ngea X X X X X X X 
Ac er X X X X X X X 
Me l i osma X 
Ti l ia X X X X X 
N yssa X X X X X 
C l e th ra 
Frax i nus X X X X X 

Genera i n  f lora 0 5 2 1 3 7 3 4 5 6 4 4 
G enera i n  sub-epoc h  5 8 3 4 7 4 4 

predom i na n t  by th e P l iocene . As th ese c l ima ti c changes occu rred , the p la n t  
spec i es , a nd often g enera , wou ld  c hange  a ccordi ng l y .  Th erefore ,  th e p lan t  
spec i es from any  one  sub-epoch a re somewha t d i s ti nc t ive  from those of  any 
other . 

The age of the Lyons f l ora i s  based u pon  compari sons made w i th the 
d i s tr i bu t ion of th e same p l a n t  spec i es i n  o th er Ter t iary f loras ,  a s shown i n  
the corre la t ion charts (Tab l es 4 a nd 5) . I t  i s  most proba b l e  tha t  th e a g e  of 
the Lyons f l ora i s  equ i va l en t  to the age of those f loras wh i ch conta i n  the 
l argest num ber of spec i es in  common w i th i t .  

Tab l e  4 shows the d i s tr i bu t ion o f  th e Lyons p la nts i den t i fi ed to spec i es; 
Tab l e  5 shows the d i s tr i but i on of the p l a nts i den t i fi ed on l y  to genus . Those 
p l a n ts know n  to spec i es are most usefu l for age determ i na ti on , whereas  those 
know n  to genus a c tua l l y revea l l i tt l e  i n form a tion a bou t age . Th i s  is due to 
the fac t  tha t  many of th e genera are w ide l y  d i s tr i bu ted th roughou t the Ter
t iary epoch s ,  wh i l e spec ies are more l i m i ted to a s i ng l e  epoc h or su b- epoch . 
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Th e tab l e  show i ng th e di str i bu tion of p l a n ts ident i fi ed to genus  i s  i n c l uded 
pr imar i l y  to show th e i r  d i s tr i bu tion i n  other f l ora s . 

Th e corre la tion of those twe l ve p la n ts i denti fi ed to spec i es (Tab l e  4) 
i nd i ca tes a c lose resem b la nce to m i dd l e  O l igocene f l oras . Represen ta tion 
of Lyons spec ies  in the sub trop i ca l ear l y  O l i gocene f l oras i s  l ess prom i nen t .  
Coo l  tem pera te f l oras tha t  are you nger tha n  l a te O l i gocene age a l so show 
l i tt l e  s im i l a r i ty to the Lyons  f l ora . Resem b la nce  to the m idd l e  O l igocene 
B r idge Creek a nd Ru jada f l ora s of O regon on the bas i s  of spec ies i s  no te
worth y .  The Lyons p l a n ts bea r  e l even spec ies i n  common to the f l oras of 
th i s  sub-epoch; seven spec i es are common to the Br i dge  Creek f l ora a nd 
e igh t  are common to the Ru jada f l ora . Th i s  evi denc e wou l d  i nd i ca te tha t 
th e Lyons f l ora i s  of m i dd l e  O l igocene age . 

As po i n ted ou t ,  gener i c compar i sons have a l i m i ted va l ue  wh en used 
in age determ i na t i on . However , th e i n forma t ion from Ta b l e  5 confirms the 
p l acement  of the Lyons f lora i n  the m i dd l e  O l igocene to M iocene g rou p .  
Th e a bunda nce of genera i n  common w i th the ear ly and  m i dd l e M iocene 
f l oras does  not contrad i c t  the m i d d l e  O l igocene p l acemen t of th e Lyons 
f l ora; ma ny of the O l igocene genera su rvi ved i n to the ear l y  a nd m i dd l e  
M i ocene . 

Ho lmskio l d i a  spe i r i i ,  a s pec ies  abunda n t  i n  the Lyons flora , i s  not 
know n  regi ona l l y i n  f loras you nger than m i dd l e  O l i gocene age . I t  can , 
th erefor e ,  be u sed as an  i nd i ca tion of pre- la te O l i gocene age i n  a f l ora . 
Accord i ng l y ,  i ts presenc e i n  the Lyons f lora confi rms the pre- la te O l i go
c ene age of th e f l ora . 

Th e c lose resem b lance  of the Lyons f lora to th e Bri dge C reek a nd 
Ru jada f l oras a nd th e pre- l a te O l igocene age i nd i ca ted by Ho l mski o l d ia 
s pe i r i i i nd i ca te tha t the age of the Lyons f lora i s  m i dd l e O l i gocene . 
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PREL I M I NARY R E PO RT O N  FOSS I L  F RU I TS A N D  S E ED S  
F ROM T H E  MAMMAL QUARRY 

O F  TH E C LARNO F O RMAT I O N , O R E G O N  

By Thomas M .  Mc Kee* 

The Department encourages students of geol ogy and pa leonto l 
ogy to su bmit original  art ic l es o f  scientific mer i t  for publ ication i n  
The O R E  B I N , Th is  paper by Thomas M .  McKee o n  the fossi l  fru i ts 
and seeds from the Mammal Quarry s i te in the C l arno Formation is a 
noteworth y exampl e of what a you ng person w i th apti tude, motiva
tion , and gu idance can ach i eve . 

Tom Mc Kee, a recent graduate of J efferson H igh School in  
Por t l an d ,  has been keen l y  i nterested i n  pa l eobotany s ince e l emen
tary schoo l days . He is  a member of the Oregon Museum of Sc ience 
and Industry Student Research Center and i s  on the pa l eonto logy re
search team at Camp Hancoc k .  H is work on fossi l frui ts and seeds 
from th e Mammal  Quarry won h i m  a number of state and national 
awards , i nc l uding one i n  the Westingh ouse National Sci ence Tal ent 
Search . Th is  report, or igi n a l l y  pri nted i n  mimeograph form by the 
O MS I Student Research Center , is pu b l i sh ed h ere w i th on l y  s l ight 
a l terations . --- Ed . 

I n t r o d u c t i o n  

Dur i ng the su mmer of 1 969 the  au thor was a 
member of th e Vertebrate Pa l eonto l ogy Re
search Team of the Oregon Museu m of Sc i 
ence and I ndustry . Th i s  team consi sted of 
e igh t h igh schoo l s tudents and  a fi e l d  d i rec 
tor . The team ' s  ob j ec t ive was to recover 
vertebrate fossi l s  from the C l arno Formation 
Mamma l  Quarry near C l arno , Oregon . I t  

was ev i dent  from prev ious excavat ions that abu ndant  foss i l  p l a n t  mater i a l  
wa s  l ocated i n  the  mi dd l e  and l ower u n i ts of th e quarry . Th erefore i t  w as 
dec i ded to co l l ec t  and study th e foss i l fru i ts and seeds assoc iated w i th the 

* Oregon Museu m of S c i ence and I ndustry S tudent Research Center , 
Port l a nd ,  Oregon ' 
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vertebrate fossi l s ,  a l l ow i ng a more comp l ete reconstru ct ion  of the pa l eo
eco l ogy of  th e C l arno Mamma l  Quarry s i te and  a detai l ed ana l ys i s  of th e 
depos i t iona l  env i ronment . 

Th i s  paper i s  a pre l i m i nary report on the foss i l  seeds and nu ts so far 
co l l ec ted and stud i ed by the author . H e  expec ts to cont i nue  h is research 
on p l ant  mater i a l  at  th e C l arno Mammal  Quarry s i te and extend h i s stud i es 
to ad jacent  areas . 

G e o l o g i c  O c c u r r e n c e  

The C l arno Mamma l Q uarry ( O MS ! Loc . No . O NT- 1 ) i s  l ocated 
abou t 2 m i l es east of  C l arno , Oregon , in th e N E* sec . 27, T .  7 S . ,  R .  9 
E . , i n  the C l arno q uadrang l e ,  Wh ee l er Cou nty . The quarry i s  i n  th e C l ar
no Format ion , wh ich  i s  w ide l y  exposed th rou ghou t centra l Oregon . R .  L .  
Hay ( 1 963 ,  p .  201 ) states th at "The  C l arno Format ion cons i sts l arge l y  of 
l ava f l ows and vo l can i c  brecc i as ,  but  vo l cani c cong l omerates and sand
stone ,  c l aystones and vi t r ic  tu ffs are common i n  some p l aces . Th e var ious 
l i tho l og i c  u n i ts i nterfi nger l atera l l y  and no un i ts h ave been fou nd wh i ch are 
suffi c i ent l y w idespread to su bd iv ide  th e format ion over a d i stance of more 
th an ten m i l es .  Th e fu l l  th i c kness of the formation i s  about  5000 feet . . . .  " 

I n  the area of th e C l arno Mamma l Quarry , the C l arno Format ion con
s i sts of i n terbedded mudfl ows and tu ffs and andesi t i c  l avas that  have been 
a l tered both hydrotherma l l y and by weath er i ng . The u pper l i m i t  of the 
C l arno Formation i s  a sub ject  of debate , bu t i t  i s  u su a l l y  accepted that th e 
l ower member of the over l y i ng  Joh n  Day Format ion  ( u pper 0 1  i gocene ) was 
depos i ted on the su rface of the eroded C l arno Formation . We l l -core data 
from th e v i c i n i ty of the C l arno Mamma l  Quarry show th at th e C l arno Forma
t ion rests unconformab l y  on Cretaceous mar i ne  sedi ments ( fi gure 1 ) . 

P r e v i o u s  W o r k  

The C l arno Format ion was consi dered to be u pper Eocene by Mer r i am 
( 1 901 ) i n  h i s  or i g i na l  descr i pt ion  of th e format ion . T h i s  age determ i nat ion 
was based on th e ana lys is  of foss i l  l eaf rema i ns from the C l arno Formation 
by Know l ton , who pu b l i sh ed his f ind i ngs i n  1 902 . Chaney ( 1 952 ) cons id
ered th e C l arno Format ion as m idd l e  and u pper Eocene ,  a l so based on foss i l 
l eaf rema i ns . Scott ( 1 954 ) descr i bed th e foss i l f l ora of the Nu t  Beds of th e 
C l arno Formati on and stated th at  "The  affi n i ti es of th e fru i ts and seeds sub
stan ti ate the Eocene age of the C l arno Format ion and sugges t ,  bu t do not  
confi rm ,  that i t  i s  o l der than u pper Eocene . "  Me l l ett ( 1 969 ) descr i bes a 
par t i a l  sku l l  of Hem ipsa l odot] grand i s ,  a l arge Pterodon - l i ke hyaenodont id 
from th e C l arno Mamma l  Quarry . Mel l ett states that H em ipsa l odon i s  
strat igraph ica l l y  l i mi ted t o  th e ear l y  O l i gocene . Bruce  Hansen o f  th e 
U n i vers i ty of Ca l i forn i a ,  Berke l ey ,  who i s  work i ng on the C l arno vertebrate 
fau na ,  states (ora l  commu ni cat ion , 1 969) th at th e two prepared brontoth ere 
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F igure I . Genera l i zed geo l ogi c t ime  chart  show i ng 
age re l at ionsh i p  of the C l arno Formation . 
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F i gure 2 .  Measured sect ion of the C l arno 
Mamma l  Quarry . 



mandi b l es co l l ec ted from the C l arno Mamma l Quarry dur ing  1 969 seem to 
be of spec i es l i m i ted to th e 0 1  i gocene ( figure 1 ) .  

S t r a t i g r a p h i c  R e l a t i o n s h i p s 

An occurrence of fossi l p l ant  remai ns known as the C l arno Nu t  Beds 
{ Scott , 1 954 ) is found approx i mate l y  h a l f  a m i l e  sou thwest of th e C l arno 
Mamma l Quarry . S trati graph i c a l l y  above the Nut  Beds i s  a deposi t  known 
loca l l y  as Red H i l l . Th i s  depos i t  consi sts of a c l ay so i l  weath ered from tuf
faceous sand and vo l can i c  dust { Tay l or ,  1 960) . 

Tay l or ran a ser i es of tests on th e red tu ffs at Red H i l l  and on the tuff 
that occurs at th e C l arno Mammal Quarry . H e  fou nd that  the two tu ffs are 
textura l l y  s i m i l ar .  Th e C l arno i gn i mbri te caps both the Red H i l l  and the 
C l arno Mamma l  Quarry tuffs . Th i s  seems to p l ace the C l arno Mamma l  Quar
ry in  the same c l ay stratu m as the red tu ff wh i c h  occurs at Red H i l l . Based 
on the textura l  s im i l ar i ty and th e fac t that  the C l arno i gn i mbr i te caps both 
depos i t s ,  the author assu mes tha t  the C l arno Mammal  Quarry w as depos i ted 
at the same t ime as the tu ffs of Red H i l l . Therefore , th e C l arno Nu t  Beds , 
w h i ch occur  stratig raph i ca l l y  be l ow Red H i  I I ,  are o l der i n  age than the 
C l arno Mamma l  Quarry , a l though the d i fference may be very s l i gh t . 

A g e 

A potass i um-argon date of 34 . 5  m i l l i on  years w as determ ined  for th e 
C l arno N u t  Beds by Evernden , Curt i s ,  and J am es ( 1 964) . Th e assu mption 
then can  be made that the C l arno Mamm a l  Quarry i s  you nger than 34 . 5  
m i l l ion years . P l acement of the qu arry i n  th e ear l y  O l i gocene agrees w i th 
the suggested ass ignments to ear ly  O l i gocene age based on vertebrate re
mai ns from th e C l arno Mamma l  Quarry by both Me l l ett { 1 969) and H ansen 
{ ora l  commun i cat ion , 1 969) . 

S t r a t i g r a p h y  a t  t h e  C l a r n o  M a m m a l  Q u a r r y  

The  C l arno Mamma l Quarry occurs i n  a l arge s l ump b l oc k  of tu ffa
ceous c l ays that appears to have moved dow n  s l ope abou t 40 feet from i ts 
ori g i n a l  posi t ion . Cappi ng the c l ays i s  the C l arno i gn i mbr i te wh i ch i s  u sed 
as the marker bed for the d i sp l aced sedi ments . To the east of the ma i n  
q uarry and  abou t 40  feet above t he  fossi l -bear i ng l eve l  of  the mai n  quarry 
i s  a sma l l er mamma l depos i t . The beds at th i s  second depos i t  probab l y  rep
resent  part of  the main  quarry beds not d isp l aced by s l umpi n g . 

On th e basi s of l im i ted excavat ion , th e genera l strati graphy of th e 
depos i t shows d i s ti nc t l y  strat i fi ed sed i ments d ipp i ng 1 2° northwest and 
str i ki ng  N .  300 E.  ( figure 2 ) . The sed iments at  th e bottom of the excava
tion appear to be a h i gh l y  w eathered tuffaceous c l ay .  Rest i ng on th i s  c l ay 
i s  a deposi t  cons ist ing of h i g h l y  weath ered r i ver  grave l s  composed of chert  
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and tu ffac eous cobb l es i n  a tu ffaceous matr ix . The  l arger cob b l es i n  th i s  
u n i t  a r e  more than 6 i n ch es i n  d iameter . Ly i ng o n  t h e  r iver grave l s  i s  a car
bonaceous un i t  of very f ine,  l i gh t-gray c l ay conta i n i ng abundant  p l ant re 
mai ns . D i rec t l y  above th i s  c arbonaceous u n i t  i s  a second grave l i n  a sandy 
matr ix wh i ch contai ns vary ing  amoun ts of bone fragments . Rest i ng on th e 
second grave l i s  a depos i t  of b locky c l ay conta i n i ng  both vertebrate and 
p l ant  rema i ns . The b l oc ky c l ay u nder l i es a th i n  u n i t  of sandy c l ay contai n 
i ng both p l ant  and vertebrate rema i ns .  The top u n i t  i n  th e excavation con
s i sts of a fi ne tuffac eous c l ay conta i n i ng l i t t l e  organ i c  mater i a l . 

F l o r a l C o m p o s i t i o n 

Of the 204 spec i mens of foss i l fru i ts and seeds recovered from th e 
C l arno Mamma l  Quarry , 39 h ave been i dent i f ied . Th e un i den t i fi ed mate
r i a l  i s  so poor ly  preserved that ident i f i cat ion i s  e i th er un re l i ab l e  or i mpos
s i b l e .  Al l i dent i fi ed spec i mens be l ong to th e Phy l u m  S P E RMATO PH YTA, 
C l ass A N G IOS PERMAE , Subc l ass D I COTY LED O NAE . Fou r fami l i es and 
s ix genera are represented in th e ident i f ied f l ora , w i th three i dent i fi ed to 
the spec i es l eve l . 

S y s t e m a t i c  L i s t  

Phy l um :  S PE RMATO PHYTA 
C l ass: AN G I OS PE RMAE 

Subc l ass: D I COTY LED O NAE 
Fam i l y: J U G LAN DAC EAE 

Genus: J U G LANS  Li nnaeus 
J ug l ans  c l arnensis Scott 

Fam i l y :  ME N I S PE RMAC EAE 
Sect ion :  T I N O S PO REAE D i e l s  

Genus :  O D O N TOCARYO I D EA Scott 
Odontocaryo i dea nodu losa Scott 

Subsec t ion :  COCU L I NAE 
Genus :  D I P LOC L I S IA 

Di p l oc l i s i a  sp . 
Fam i l y : ICAC I NACEAE 

Sect ion : PH YTOC RE N EAE Eng l er 
Genus :  PALAEOPHYTOC RE N E  

Pa l aeophytocrene cf .  f. foveo l ate 
{Re i d  & Chand l er) 

Fam i l y :  V I TAC EAE 
Genus :  V I T I S  ( TH U RN B E RG ) L innaeus 

V i t i s  sp . 
Genus :  T ET RAS T I GMA P l anchon 

Tetrast igma sp . 
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The genus D I PLOC L I S IA  i s  th e most abundant p l an t  represented i n  the 
C l arno Mammal  Quarry f l ora w i th 31 spec i mens hav ing  been recovered . 
S econd i n  abundance i s  the spec i es Odontocaryoidea nodu l ose w i th three 
spec imens ( fi gure 3 ) .  

S pec ies No . of spec i mens 

J ug l ons c l ornensis 

Odontocaryoi dea nodu lose 

D i p loc l is io  sp . 

Po l oeophytocrene c f .  P .  fovea l ata 

Vit is  sp . 

Tetrastigma sp . 

Tota l 

F i gure 3 .  Numer ic a l  data . 

S y s t e m a t i c  R e l a t i o n s h i p s 

Phy l u m :  S PERMATO PHYTA 

C l ass: ANG I O S PE RMAE 

Subc l ass: D I C OTY LED ONAE  

Fam i l y :  J U G LA NDAC EAE 

Genus :  J U G LANS L innaeus 

J ug l ans c l arnensis  Scott 

( P l ate 1 ,  f igures 1 -2 )  

Spec i men : OMS I No . PB- 1 . 
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D i scuss ion :  One spec i men  of th i s  spec i es was fou nd ,  cons is t i ng  of a l atera l 
h a l f  of th e coty l edon . The  spec i men i s  a cast that i s  s l i gh t l y  compressed , 
d i s tort i ng th e two l atera l h a l ves of the pr imary embryo l obes . The su rface 
of the l obes i s  smooth . Length : 1 1  mm . ;  w i dth in th e p l ane of deh i scence 
i s  d i storted; th i ckness ( a t r i gh t  ang l es to p l ane of deh i scence}  1 1  mm . 

Fami l y :  ME N I S PE RMACEAE 

S ect ion : T I N O S PO REAE D i e l s  

Genus :  ODO NTOCARYO I D EA Scott 

Odontocaryo i de a nodu l os a Scott 

( P l ate 1 , fi gures 5-6) 

S pec i men : OMS I No . PB-31 . 

D i scuss ion :  Three spec imens of th i s  spec i es were recovered . A l-l are locu l e  
casts w i th a carbonaceous cover w h i ch appears to have been the exocarp . 
The spec i mens h ave been s l i gh t l y  compressed . The l ocu l e  cast is e l ongate , 
l ength :  22-28 mm . ;  w idth :  5 mm . ;  th i c kness: u ndeterm inab l e ow i ng  to 
compress ion ;  and deep l y boat shaped . The api ca l  end i s  poi nted , the 
shou l der reg i on s l opes , and the basa l end i s  b l u nt w i th a sma l l medi an pro
j ect ion . Th e dorsa l s i de i s  smooth , w i th a s l i gh t  med i an r i dge marki ng th e 
suture . The ventra l s i de i s  concave . 

Fam i l y : ME N I S PE RMACEAE 

S ect ion : T I N O S PO REAE D i e l s  

Subsect ion :  COCU L I NAE 

Genus :  D I P LO C L I S IA Mi ers 

D ip l oc l i s i a  sp . 

( P l ate 1 ,  fi gures 3-4) 

S pec i men :  OMS I  No . PB-6 . 

D i scuss ion :  Th i s  genus h as the l argest representat ion i n  the C l arno Mamma l 
Quarry f l ora , w i th 3 1  spec i mens consi s t ing  of both locu l e  cas ts and 
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i mpress ions . Most of the spec i mens show the f l attened i n terface of one 
va l ve of  the endocarp in the p l ane of deh i scenc e . Th i s  vi ew shows the 
horseshoe-shaped r i ng of about 22 l arge tuberc l es w i th correspond i ng ho l 
l ows between th em , su rround ing  a s l i g h t l y  e l evated f l a t  surface . Th e wa l l s  
o f  the spec i men appear to cons is t  o f  rad i a l l y  d i rec ted coarse f i bers and are 
th i c k  w i th a pronou nced r idge extend i ng comp l ete l y  around th e h orsesh oe
shaped r i ng . Length : 9-1 1 mm . ;  w i dth i n  p l ane of deh i scence :  5-7 mm . ;  
th i c kness: undeterm i na b l e  ow i ng to compress ion . 

Fam i l y : I CAC I NAC EAE 

Sect ion : PH YTOC REN EAE Eng l er 

Genus :  PALAEO PHYTOC RE N E  Re id  & Chan d l er 

Pa l aeophytocrene cf .  f_. foveo l ate Re i d  & Chand l er 

( P l ate 2 ,  fi gures 3 ,  4 ,  4a ) 

S pec i men:  OMS !  No . PB-37 . 

D iscuss ion :  Two i ncompl ete l ocu l e  casts of th i s  spec i es were recovered from 
the C l arno Mamma l  Quarry . The i r  est imated l ength i s  1 4- 1 6 mm . ;  w i dth 
7-9 mm . ;  and th e th i c kn ess i ndeterm i nab l e .  There are approx i mate l y  7-8 
surface p i ts l engthw ise and 5-6 p i ts across the w idth . These i ncomp l ete 
spec i mens compare favorab l y  w i th the spec i es Pa l aeophytocrene foveal eta . 

Fam i l y: V ITAC EAE 

Genus :  V I T I S  ( Th u rn berg ) L i nnaeus  

Vi tus  sp . 

( PI ate 2 , fi gures 5-6 ) 

S pec i men :  O MS I  No . PB-39 . 

D i scuss ion :  One comp l ete seed of th i s  genus  was recovered from the C l arno 
Mamma l  Quarry . The seed i s  sp l i t  i n to two parts a long the raphe r idge and 
i s  d i storted by compression . It is obovoi d  w i th smooth contours sharp l y  
po i n ted a t  th e apex a n d  rounded at  t h e  base . Length o f  seed: 3 mm . ;  
w idth 2 . 3  mm . ;  th i ckness: u ndetermi nab l e .  The  spec i men has  been com
pared at  the Oregon Museum of  Sc i ence and I ndustry to  No . 984 of the 
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Hancoc k co l l ec t ion from the C l arno Nu t  Beds . 
The  C l arno Mamma l Quarry spec i men does not appear to represent 

the London C l ay spec i es Vi t i s  pygmaea . Th e London C l ay spec i es ,  V i t i s  
pygmaea, di ffers from th i s  spec i men in  th e appearance of t he  apex , wh i ch 
i s  h i gh l y  st i p i tate i n  V i t i s  pygmaea bu t smooth in the C l arno spec i men . 
Moreover , th e raph e r i dge  of th e C l arno speci men extends onto th e apex , 
but not i n  the London C l ay spec i es; and th e ventra l  i nfo l ds are much nar
rower i n  the London C l ay spec i es .  

Fam i l y : V I TAC EAE 

Genus: T ET RAST I G MA P l anchon 

Tetrast igma sp . 

( Pl ate 2 ,  fi gures 7, 8 ,  Sa ) 

S pec i men :  OMS I No . PB-40 . 

D i scuss ion :  One comp l ete seed of th i s  genus was recovered . The  seed i s  
ovate a n d  i s  ornamented w i th prom i nent rad i a l  l obes separated b y  deep fur
rows . Th e raphe r i dge extends the l ength of th e ventra l  face . Length:  5 
mm . ;  w i dth : 3 . 5  mm . ;  th i c kness: u ndetermi nab l e .  

A N G I O S PE RM 

I NC ERTAE S E D I S  

( P l ate 2 ,  fi gures 1 -2 )  

S pec i men :  OMS I No . PB-34 . 

The  speci mens cons i st of three much compressed fru i t i ng heads wh i ch are 
o n l y  part i a l l y  i n tac t ,  preventi ng i dent i fi cat ion . D iameter of g lobu l ar 
fru i t i ng h eads i s  1 8 -22 mm . 

R e I a t  i o n  o f  L i v i n g  a n d  F o ss i I F I o r  a s  

Present-day d istr i bu t ions of the modern equ i va l en t  genera of the  fos
s i l p l a n t  rema i ns so far ident i fied  i n  th e C l arno Mamma l Quarry f l ora h ave 
hab i tats rang i ng from coo l -temperate to exc l us i ve l y  trop i ca l  ( see fi gure 4) . 
How ever , th e ma jor i ty of th e i dent i f ied foss i l genera ( 4 of 6) h ave modern 
equ i va l ents l i v i ng  in subtrop i ca l  to tropi ca l  hab i ta ts . 
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Nearest modern 
Foss i l  Genus equ ivalent  Habi tat 

J u g l ans J ug l ans Tropi cal  to coo l 
temperate 

Odontocaryoidea Odontocarya Low l and tropical  

D i p l oc l isia D i p l oc l is ia  Tropical  to sub -
tropi ca l  

Pal aeophytocrene Phytocrene Low l and tropical  

Vi tis Vi tis Tropi ca l  to coo l 
temperate 

Tetrast igma Tetrastigma Su btropi ca l  and 
l ow l and tropi ca l  

F i gure 4 .  Presen t-day d is tr i bu t ion  of  th e 
nearest modern equ i va l ent  genera . 

The  nearest modern equ iva l ents to i dent i f ied foss i l genera of th e C l ar
no Mamma l  Quarry have a w ide geograph i c a l  d i s tr i bu t ion  rang i ng from Can
ada to  many trop ic a l  areas in  th e O l d  Wor l d . A ma jor i ty of  th e modern 
equ i va l ents (5 of  6 )  are found in I nd i a  and Cey l on ( figure 5) . 

The C l arno Mamma l Quarry fru i t  and seed genera are fou nd i n  severa l 
oth er Tert i ary f l oras i n  th e N ew and O l d  Wor l ds . Th e C l arno N u t  Beds cor
re l ate best w i th th e C l arno Mamma l Quarry by h av ing  a l l  s ix  genera pres
ent . The l ow er Eocene London C l ay F l ora of  Eng l and comes next , w i th fou r  
out  of s ix  genera represen ted ( figu re 6) . 

S u m m a r y  

T h i s  report i s  pre l i m i nary to fu rther  co l l ect i ng  and study at both th e 
C l arno Mamma l  Quarry and the C l arno N u t  Beds . 

Based on the i n formation prev ious l y  d i scu ssed , the author conc l udes 
that  the C l arno Mammal Quarry i s  younger than th e C l arno Nu t  Beds , a nd 
probab l y  ear l y  O l i gocene i n  age . Th i s ass ignment  agrees w i th age deter
mi nat ions of vertebrate remai ns from the C l arno Mamma l  Quarry . 

The  39 ident i fi ed spec i mens i nd i cate the presence of a trop i c a l  to 
subtrop i ca l  c l i mate at the s i te of th e C l arno Mamma l  Quarry dur i n g  ear l y  
O l i gocene t i me . Based o n  the l im i ted f l ora ident i fi ed ,  the compos i t ion of 
the C l arno Mamma l Quarry flora appears to be essent i a l l y  the same as the 
f l ora found in th e C l arno N u t  Beds . 
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EXPLANAT I O N  O F  P LAT E I 

Jug I ans c I arnensis Scott  - Page 1 22 

F i g . 1 .  OMS I No . PB-1 . Th e l atera l h a l f  of the coty l edon . 
Th e spec imen h as been compressed , d i stort ing the two l atera l  ha l ves of th e  pr i 
mary embryo lobes . 3 X 

F ig . 2 .  Draw ing  show ing  the l atera l ha l f  o f  the coty ledon and the correc t pos i tion 
of the two l atera l  h a l ves of the pri mary embryo l o bes . 3 X 

D ip loc l i s ia  sp . - Page 1 23 

F ig . 3 .  Draw i n g  show ing th e horseshoe-shaped fu rrow enc l os ing  the p l ug . 3 X 
F ig . 4 .  OMS I No . PB-6 . Th e f l attened i n terface o f  one va l ve o f  the endocarp 

show i n g  the h orseshoe-shaped r i ng of tuberc l es and correspondi ng ho l l ows . 7 . 5  X 

Odontocaryoi dea nodu lose Scott - Page 1 23 

F i g . 5 .  OMS I No . PB-31 . Dorsa l  s ide show i ng a s l i gh t  med i an r idge marki ng the 
suture . 3 X 

F i g . 6 .  Same , ventra l s ide concave , show i ng th e poin ted api c a l  end, b l u nt basa l 
end w i th a smal l median proj ection , and th e s l op ing  shou l der region . 3 X 

EX P LANAT I O N OF P LATE I I  

l ncertae sed i s  - Page 1 25 

F i g . 1 .  OMS I No . PB-36 . Fru i t i ng head part i a l l y  i n tact ,  show i ng aw ns .  3 X 
F ig . 2 .  OMS I No . PB-34, th e same . 3 X 

Pa l aeophytocrene c f .  f.. foveo l ate - Page 1 24 

F ig . 3 .  OMS I No . PB-37.  I ncompl ete locu l e  cast , show i ng surfac e p i ts .  3 X 
F i g . 4 .  OMS I No . PB-38 , th e same . 6 X  
F i g . 4a . Draw i n g  show i n g  externa l sh ape of compl ete l ocu l e  cas t  i n  re l ationsh ip  to 

fig . 4 .  3 X 

Vi t i s  sp . - Page 1 24 

F i g . 5 .  OMS I No . PB-39 . One-h a l f  of the obovoid  seed , sp l i t  down the raphe 
r i dge . 3 X 

F i g . 6 .  The same . O th er h a l f  of th e seed i n  matrix . 9 X 

Tetrastigma sp . - Page 1 25 

F ig . 7 .  OMS I No . PB-4 0 .  I mpress ion of seed i n  matr ix . 6 X 
F ig . 8 .  The same . O bovate seed show i ng i ts ornamentation w i th prom i nent  rad i a l  

l obes separated by deep furrows a n d  t h e  raph e r idge w h i ch extends th e l ength of 
the ventra l face . 6 X 

F i g . Sa . Draw i ng of fi g .  8 ,  emph asi z i ng th e rad i a l  l o bes and deep fu rrows and th e 
promi nent raphe ridge . 3 X 
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FRESHWAT E R  F I S H  R E !\L\ I '> S  F R O \! T H E  C L \ R '> O  F O lL \ I AT I O .'."  

OCHOCO M O T.' '> T A I '> S  O F  .'." O HT I I - C E .'." T H A L  O H E G O .'."  

By Ted M.  Cavender 
Museu m  of Zoo l ogy ,  U n i versi ty of M i c h i gan  

I n t r o d u c t i o n  

Recent  co l l ec t i n g  a t  exposures of  c arbonaceous sh a l e  i n  the C l arno Format ion  west  of 
Mi tch e l l ,  Oregon has produced a sma l l  quan t i ty of  fragme n tary f i sh mater i a l  repre
sen t i n g  on  undescr i bed fauna . The fossi I s  w ere fou nd i n  th e Ochoco  Mou nta i ns a l ong 
,-------.-,,-----------------�--, U . S .  H i ghway 26 wh ere i t  

c rosses the mou nta i ns n ear 

I 
�8 _ _ _ _ _ f_O_$,ill  SITE 

0 I 
:I: I 
g 1- - -; 

0 1 0  I .  • 

SCALE Of MIL[5 �� - - - _ _ _ , 

F i gure 1 .  Map show i n g  l oca t ion  
of th e Ochoco Pass l oca l i ty .  

Ochoco Su mm i t .  The foss i 1 -
bear i ng s i te i n  th e b l oc k  
sh a l es i s  named th e Ochoco 
Pass l oc a l i ty and the f i s h  
rema i ns desc r i bed here i n  a re  
referred to  the  Ochoco Pass 
l o ca l  fau na . A l though th i s  
fauna , a t  presen t ,  i s  a sma l l  
o n e ,  i t  h o l ds cons idera b l e  
i n terest from two standpai n ts .  
F i rst , i t  i s  a n  a l der Ter t i ary 
fi sh fau na of l a ter  age than 
t he  famous m i d d l e  Eocene 
Green R i ver fauna ,  but  ear 
l i er th an  th e more numerous 
m i dd l e  Ter t i ary fi sh fau nas 
of western North Amer i co . 
Second ,  th e foss i l s  may h e l p  

t o  shed same l i gh t  o n  th e deposi t i ona l  envi ronment  of  th e Och oca Pass b l ac k  sha l es .  
The sha l es at  one t i me or another have been regarded as mar i n e  sed imen ts ( Pi gg , 1 96 1 , 
p .  6 1 ) .  

Th i s  paper i s  i n tended as an i n i t i a l  systemat i c account  of  th e f i sh remai ns a t  the 
Ochoco Pass l o ca l i ty .  A t  presen t ,  th e k now n foss i l f i sh mater i a l  i s  so scan t and poor
l y  preserved tha t  o n l y  ten ta t i ve iden t i fi ca t i ons are possi b l e . Cons idera b l e  effor t has 
been made to compare th e Ochoco Pass foss i l s  w i th pert i nen t  forms prev i ou s l y  descr i bed 
from ear l y  to mi dd l e  Ter t i ary deposi ts i n  North Ameri c a ,  and w i th s i m i l ar Recen t  forms . 

Of th e Ochoco Pass spec i mens I h ave studi ed , one of th e fi rst to be co l l ec ted 
and recogn i zed as fish was l oaned to me by i Is co I I  ec tor , Margaret S teere,  geo l og i s t  
for t he  State o f  Oregon Depar tment  of  G eo l ogy and Mi nera l I ndustr i es .  Th e bu l k  of  
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mater i a l  and some of the best spec i mens were co l l ec ted dur i ng severa l v i s i ts to the  
loca l i ty i n  1 963 and 1 966 by Lee J enk i ns of Hood R i ver ,  Oregon . I am very grate
fu l to the l a tter for h i s  cons i derab l e  contr i bu t ion  to th i s  pro j ec t .  O ther spec i mens  
were co l l ec ted in  August 1 966 by a fi e l d  party consi s t i ng  of Michae l  U h toff,  M ichae l  
Lapp� , Lee  Jenk i n s ,  a nd th e a u thor . 

L o c a t i o n  a n d  G e o l o g y  

Al l of the fossi l f i sh mater i a l  came from a deep road cu t  on U . S .  H i ghway 26 , 
1 3 . 5  m i l es west  of Mi tch e l l ,  i n  the W! sec . 1 7 , T .  1 2  S . ,  R .  20 E . ,  Whee l er Cou n 
ty , Oregon . Th i s  road cu t  i s  approxi mate l y  2 .  7 m i l es north east o f  Ochoco Summ i t .  
The fossi I si te i s  i nd i ca ted o n  th e map (fi g .  1 ) .  Good exposures o f  carbonaceous 
sha l e  occur in th e ver t i ca l  cu ts on both s i des of  the rood . The fossi l s  were fou nd on 
s l abs of sh a l e  pr i ed loose from the wa l l s in the basa l  1 0  feet of th e road cu t  (fi g . 2) . 

The geo l ogy i n  the v i c i n i ty of the fossi l f ish loca l i ty i s  summari zed by th e Ore 
gon Department of Geo l ogy and Mi nera l I ndustr i es as fo l l ows:  

The Ochoco Pass l oca l i ty i s  u nder l a i n  by th e C l arno Formati o n ,  
wh i ch  i s  w i d e l y  d i str i buted th roughou t cen tra l  Oregon . Accord i ng to 
Wi l k i n son ( 1 959) , th e Format ion  is composed l arge l y  of terrestr i a l  vo l 
can i c  roc ks hav ing  si m i l ar l i th o l og i es from p l ac e  to p l ac e  but  represent
i ng var i ab l e  t i mes of deposi t ion . Of parti c u l ar i m portance  i n  the C l arno 
are l e nses of tuffaceous sedi ments conta i n i n g  foss i l p l ants and a mamma 
l i an fauna . The format ion rests u nconformab l y  on Cretaceous mar i ne beds 
in th e v i c i n i ty of M i tch e l l and is u nconformab l y  over l a i n  by th e John  Day 
Format i on of late O l i gocene to ear l y  Miocene age . Th i s  re l at ionsh i p ,  i n  
addi t ion  to foss i l s tudi es and severa l potassi u m -argon dates , p l aces the 
age of th e C l arno as Eocene to ear l y  O l i gocene . 

I n  respec t to th e strat i graph i c  hor i zon occup i ed by th e foss i I f i sh 
descr i bed i n  th i s  paper , th e par t i c u l ar sha l e  bed i s  i n  th e l owest of th ree 
C l arno u n i ts mapped by Swarbr i c k  ( 1 953} i n  an  u npub l i sh ed master ' s  th esi s 
on the geo l ogy of thi s area . Swarbr i c k  (p . 36-44} wr i tes: "Un i t 1 of the 
C l arno Format ion  consi sts of extens i ve andes i ti c  mudf l ows ,  vo l can i c  f l ow 
brec c i a ,  and loca l i zed l eaf-bear i n g  tu ffs and tu ffaceous sed iments . The 
sed i ments i nc l ude  i nterbedded tuffaceou s ,  carbonaceous sha l e  and sand
s tone , over l a i n  by tuffaceous vo l can i c  cobb l e  cong l omerate . "  

" Tota l th i c kness of u n i t  1 i s  about  2 1 00 feet of wh i ch  600 feet are 
tuffaceous sed i ments a nd 1 500 are vo l c an i c brecc i a  and andesi t i c  mudf low . " 

The younger C l arno roc ks i n  th e area mapped by Sworbr i c k  cons is t  
of un i t  2, basa l t i c  f l ows and f l ow brecc i a; and un i t 3 ,  loca l  dac i te f l ows . 

P r e s e r v a t i o n  o f  F o s s i  I s  

Most of the fossi I s are d i sar t i cu l ated f i sh bones and sc a l es ,  some of wh i ch  are 
fragmented . Th e bone is usua l l y  i n  the form of a th i n ,  carbonaceous fi l m ,  but typi 
ca l l y  a fu l l  i mpr i n t  of the bone is preserved . The very f i ne surround i ng sed i ment  i s  
p i tch b l a ck  t o  dar k  gray and  much  compac ted , formi ng  dense sha l e  l ayers that frac
tu re  concho ida l l y . Some of th e rock resemb l es a mudstone . Smooth fracture (sh ear) 
p l anes a l so are apparent  at ang l es to the bedd i ng  p l anes . The sha l e  l ayers are so 
broken that  o n l y  smal l pi eces cou l d  be removed from the ou tcrop . 
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Figure 2. Above: Rood cut, Ochoco Poss locality. Individuals 
approximately opposite site of fish beds; looking northeast. 
Below: Closeup showing fish-scale horizon where individ
uals ore working. 
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M e t h o d s  o f  S t u d y  

The spec i mens  were prepared for study by remov i ng the c arboni zed bone . La
tex casts were then made from the resu l t i ng i mpri n ts .  T h i s  tech n ique  produces a fa i r 
l y  good dup l i cat ion  of  th e or i g i n a l  bone . Ammon ium ch l or i de was used to h i g h l ight  
surface features on th e casts wh i ch  were stai ned b lack  by means  of  I nd i a  i n k  m ixed 
w i th th e l i q u i d  l atex . Photographs were made of the casts us i ng  a 35-mm Miranda 
s i ng l e - lens  ref l ex camera , be l l ows attach ment  and 50-mm So l i gor l ens , i n candesc ent  
l i gh ti ng or e l ec tron i c  f l ash , and P l us-X fi l m .  

I h ave made fu l l  use o f  the osteo l ogi ca l  c o l l ec t ions  o f  th e Un i vers i ty of Mich 
i gan Museum of Zool ogy ( U MMZ ) for maki ng  compar i sons w i th th e vari ous fossi I fi sh 
bones . The abbrev i at ion " S L "  means standard l ength , w h i c h  is th e d i stance from th e 
most an ter ior part of a f i sh ' s  snout to the base of i ts cauda l  f i n . 

The sca l e  term i no l ogy i s  that of Leg l er ( 1 947) . Except where stated , th e 
Ochoco Pass foss i l s  are h oused i n  the U n i versi ty of M i ch i gan Museum of Pa l eonto l ogy  
( UMMP ) .  Comparat i ve foss i l mater i a l  s tu d i ed i s  housed i n  th e H arvard Museum of 
Comparat i ve Zoo l ogy ( MCZ ) ,  the Amer i can  Museum of Natura l  H i story ( AMNH ) ,  
th e U n i ted States N at i ona l  Museum ( USNM ) ,  and the Nat iona l  Museum of Canada 
( NMC ) .  

P a l e o n t o l o g i c a l  D e s c r i p t i o n s 

Ami i dae (bowfi ns) 
c f .  Ami a L i  nnaeus 

P l ate I ,  7-:----p l ate I I ,  2 and 3 .  

Mater i a l  -- 1 5  i so l ated sca l es ,  most of  them comp l ete; t h e  l argest i s  1 6  mm ,  the 
sma l l est is 6 mm l ong . 

Remarks -- Among the sca l es of th e l i v i ng freshwa ter fi shes of North Amer i c a ,  those 
of  Arni e c a l ve are very d i st i nc t ive (Leg l er ,  1 947) . Sca l es of foss i l Arni e ,  i nc l ud i ng 
those from the Ochoco Pass l oca l i ty ,  d i ffer very l i tt l e  from th e sca l es of th e Recent 
bowfi n .  Ami a or ami i d  sca l es are known from freshwater depos i ts exten d i n g ,  in  age , 
through much of th e Tert i ary of western North Ameri ca . These depos i ts i n c l ude the 
Eoc ene Br i dger Format i on , Wyom i n g  (Cope , 1 884) , Eocene Green R i ver sh a l es (Ya l e  
Peabody Museum N o .  3009) , Eocene Horsef l y  R i ver beds of Br i ti sh Co l u mbi a ( NMC 
c o l l ec tions) , O l i gocene F l or i ssant  Lake Beds , Co l orado (Cope , 1 884) , O l i gocene 
Ruby sha l es ,  Montana ( U MM P  co l l ec t i ons) , and O l i goc ene Gran t sh a l es ,  Mon tana 
( UMM P co l l ec t i ons) . For  th e age determi nat ions app l i ed to th e l ast th ree foss i l 
bear i ng  depos i ts ,  I have referred to th e fo l l ow i ng authors :  Mac G i n i t ie  ( 1 953) - F l o 
r i ssant  Lake Beds; Bec ker ( 1 96 1 ) - Ruby  sha l es; a nd  Bec ker ( 1 962) - Grant sha l es .  

H i odont i dae (mooneyes) 
c f .  H i odon Leseur 

P l ate I ,  8 and 9. P la te  I I ,  9 .  

Mater i a l -- severa l i so l a ted sca l es .  

Remarks - - The ex i stence of a h iodon t id  i n  the Ochoco Pass fauna i s  based o n  i den
t i f i ca t ion  of sca l es a l o ne . The sca l es i l l ustrated h ere , when compared w i th those of 
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H i odon tergi sus and H i odon a l oso i des , show no  marked d i fferences . The sca l e  of 
H i odon possesses arou nd 1 0  to 1 5  basa l radi i ,  th e l a tera l basa l corners are stro ng ,  
th e focus  i s  api c a l  i n  pos i t i o n  and transverse l y  ovo i d  i n sh ape , th e c i rcu l i  are very 
f i n e ,  and a few fa i nt ,  i ncomp l ete rad i i  are usua l l y  observab l e  i n  th e ap i c a l  fi e l d .  
Most H i odon sc a l es are not  symmetr i c a l  bu t h ave one s i de l o nger then  th e other . 
Some of th e foss i I sca l es show t h i s  charac ter , a l so .  

S i  I u r i  formes (catf i sh es) 
Fam i l y :  i ndeter mi nate 

P l ate I V ,  1 -3 

Mater i a l s  -- a near l y  comp l e te supraethmoi d ,  broken  l eft c l e i th ru m ,  and a com p l ete 
(r i g h t? ) pe l v i c  bon e .  

Remarks -- The  bones i n  q uesti on  are not read i l y  assi g nab l e  to any N ew o r  O l d  Wor l d  
c atf ish fami l y .  Catfi sh i n  genera l  have a nu mber o f  very c h aracter i s t i c  ske l e t a l  e l e 
ments ,  two o f  w h i c h  are the su prae th moi d o f  th e s ku l l  and  the c l e i th rum  a f  th e pec 
tora l g i rd l e .  U n fortu nate l y ,  i n  th i s  case , w h ere  the supraeth moi d and  c l e i thru m are 
d i sart i c u l ated and bro ken , taxonom i c  determ i na t ion  even to fami l y  is exceedi n g l y  
d i ff i cu l t  o r  i mposs i b l e . T i l a k  ( 1 963b) found  th at t h e  comp l ete pec tora l g i rd l e  i s  a 
usefu l systemat i c  c h aracter  a t th e fami l y  l eve l  i n  s i l u r i forms and  the same appears to 
be tru e of th e e thmoi d reg ion . F i gure 3 gi ves a genera l i dea  of t h e  form of th e supra
e th moi d i n  a few foss i l and  Recen t  cat f i sh es . A sh a l l ow and broad a n ter ior  no tch  i n  
the suprae th moi d i s  found  i n  many s i l u r i forms , usua l l y  where  th e premax i l l ary suppor t 
i ng processes a re  w e l l deve l oped . Th e deeper , part l y  enc l osed , notch of l cta l u rus 
( l c ta l u r i dae)  (f i g .  3D)  i s  repea ted i n  Mystu s p l a n i c eps (Bagr i dae ) ,  ( fi g . � 

The catf i sh supraeth mo i d  from th e Ochaco Pass l oca l i ty (fi g . 3B ;  p l ate  I V ,  1 )  
has th e broad , sha l l ow notch i n  th e a n ter ior  marg i n . I n  th i s  c h aracter ,  i t  resemb l es 
somew h at th e i c ta l u r i d  Py l od i c t i s  o l i var i s ,  and , among  th e North Amer i c a n  fossi l s ,  
" Amei urus"  pri maevus Eastman ( 1 9 1 7) ,  fi g .  3F , a n d  " Rh i neastes " sp . ( MCZ 8500, 
f i g . 3A) . Dorsa l l y ,  th e suprae thmoi d i s  constr i c ted betw ee n  th e nasa l capsu l es i n to 
a fai r l y  narrow br idge connect i ng  th e premaxi l l ary support i n g  processes to the franta l s .  
T h i s  ethmo i d  br i dge i s  excavated a t  each s i d e ,  form i n g  the mesi a l  wa l l s o f  the nasa l 
capsu l es as i n  l c ta l urus . I t shou l d  be noted for compara t ive  purposes th a t ,  poster i or 
l y ,  th e supraeth moi d i n  l c ta l urus covers , i n  par t ,  t he  an ter i or extens ion  of th e bra i n 
case i n to the eth mo id  reg i o n  (Starks , 1 926) . T i l a k  ( 1 965)  stated tha t  such  an an ter ior  
c ra n i a l  cav i ty i s  ch aracteri s t ic  af most s i l u r i forms w i th th e mai n excepti on of th e Ar i 
i dae . Th e an ter ior  porti on  o f  th e supraethmoi d cons i sts o f  t he  processes (men t ioned  
above) wh ich  are l arge and d i rected l a tera l l y .  To th ese a re  at tac hed , ven tra l l y ,  th e 
premaxi l l ary tooth p l a tes . I n  th e possess i on of a constr i c ti o n  between  th e nasa l cap
su l es i n  comb i nat ion  w i th l a tera l excava t i on , th e Ochoco  Pass supraeth mo i d  resemb l es 
tha t  of l c ta l urus  fu rcatus (fi g . 3D )  and a n umber of O l d  Wor l d  catfi s h es . "Ame iu ru s "  
pr imaevus does not have th i s  constr i c t ion  and  " Rh i neastes " sp . ( MCZ 8500 ) shows 
on l y  a s l i gh t  i n d i ca t i on  of such . U nderneath th e constr i c t i o n , th e Ochoco Pass supra
ethmo i d  (meseth mo i d )  is  expanded i n to a broad ova l p l ate of bone that  forms  a seat 
for the h ead of the vomer and a l so su tures , poster i or l y ,  w i th the  anter ior  end of the 
parasph enoi d . Rhamd i a  ( Pi me l od i dae)  does not  have such a not i ceab l e  expans ion  of 
the  supraeth moi d ,  nor do th e ar i i d s ,  Ar i u s  (Ga l e i c h thys)  and Po tamar i u s . Th e ventra l  
supraethmoi d p l a te i s  w e l l de fi ned i n  i c t a l u r i ds . 

The  Ochoco Pass c l e i th rum (p l a te  I V ,  3) cons i sts o n l y  of th e m i dd l e  por t ion  of 
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the bone; bo th the an ter ior and dorsa l extensi ons are m i ssi n g .  Th ere i s  a s trong h u 
mera l  process . Large conf l uen t  r i dges cover th e l a teral  surface of th e c l e i th ru m .  

O f  par t i cu l ar i mportance i s  th e si ng l e pe l v i c  bone . A l though i t  resemb l es that 
of  a number of the O l d  Wor l d  c atfi sh es of  Europe and As i a  (fi g . 4) , i t  can be d i s t i n 
gu i shed  from th e pe l v i c  bones of  th e Recent  North Amer i can  i c ta l ur i ds .  Th e charac 
ters I h ave  stressed i n  a compar i son  of pe l v i c  bones from a l i mi ted number of spec ies  
be l ong ing  to  seven  catfi sh fami l i es a re  th e presence  (how ever weak}  of an ossi f ied 
posteri or i sc h i a l  process (We i tzman , 1 962} -- a l so found  i n  oth er Ostar i oph ysi : 
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F i gure  3 .  Compar i son of s i l u ro i d  supraethmo i ds , foss i l and Recen t  (dorsa l aspec t  ex 
cep t  where stated) :  A .  " Rh i neostes " sp . MCZ 8 500 ,  Eocene  Br i dger Basi n ,  
Wyo . ,  ventr a l  aspect  above , dorsa l aspec t be l ow ,  X 1 . 4 .  B .  l ndet . UMMP 
V5636 1 , Ochoco Pass loc a l i ty ,  Oregon , ventr a l  aspec t  above , dorsa l be l  ow , 
X2 . 2 . C .  Mystus p l o n i c eps (Bog r i doe) UMMZ 1 5568 5 ,  S L  205 m m ,  Su matra , 
X 1 . 2 .  D .  l c to l urus  furc otus ( l c to l ur i dae)  U MMZ 1 6903 1 -5 ,  S L  327 mm ,  Mo . ,  
ven tra l aspec t abov e ,  dorsa l be l ow ,  X 1 . 5 .  E .  C l or i u s ' l ozero (C i or i doe) U MMZ 
1 6901 5-S , SL 1 89mm ,  Egypt , X 2 . 7 .  F .  " A me i ur u s "pri m�? AMN H 9499,  
Eocene Green R i ver Format i o n ,  Wyo . ,  X 1 . 8 .  G .  Poros i l u rus  oso tus (S i l u r i doe }  
unco t . spec . (J -66) , SL  405mm , J apan , ven tra l aspec t above , dorsa l be l ow ,  
X 1  . 4 .  H .  Rh omd i o  guotemo l ens i s  ( Pi me l od i doe )  U MMZ 1 78542-S , Mex i co , 
X 1 . 5 . I .  Pe l teobogrus  n ud i c eps (Bogr i doe} U MMZ 1 83856-5 ,  S L  1 67mm , J a 
pan , X 2 . 4 .  J .  Pongos i u s  m i cronemus (Sch i l be idoe }  U MMZ 1 8669 1 - S ,  S L  
3 1 5mm , Tha i l an d ,  ven tra l aspec t ,  X 1 . 4 .  K .  Ar i u s  fe l i s  (Ari i d oe } ,  U M M Z  
1 79 1 47-S , S L  1 92mm ,  F l a . , Gu l f  of  Mex . ,  X� -

Ch oroc i d o e ,  Cypr i n i dae , Cotostom i doe  - - and th e form and r e l a t i ve proport i ons of 
th e poster i or margi n .  Those catf i sh es th a t  typi c a l l y  h ove  s ix or c l ose  to s ix p e l v i c  
rays i n  each f i n  (fi ve of t h e  seven fami l i es: Bogr i doe , Sch i l be i do e ,  Pi m e l od i dae , 
Ari i dae , C l or i i doe [ Rega n ,  1 9 1 1  ] ) possess a shor t ,  near l y  stra i gh t  a r t i c u l ar surface  
a l ong th e poste r i or margi n for seat i ng th e p e l v i c  fi n rays . Those  cat f i sh es w i th typ i 
c a l l y  more than seven pe l v i c  rays i n  each fi n ( l c to l u r i doe  and S i l u r i doe :  S i l u r u s ,  
Porosi I uru s ,  Kryptopterus , Wo l l ogon i  a )  possess w i d e ,  somewha t  rounded , poster ior  
margi ns , th a t  ore u ni n terru pted by notches  and do not  g i ve r i se  to any k i n d  of oss i fi ed 
proj ec t ion  at th e i r  pos tero -mesi o l  cor ners . A l though not  i l l ustrated , th e P l otosi doe , 
an O l d  Wor l d ,  l arge l y  mar i n e ,  fam i l y  con  a l so be p l aced i n  th i s  c ategory . Except  
for th ese l as t  t h ree  fam i l i es ,  and poss i b l y  some of th e Eocene  Green R i ver forms ,  a l l 
th e oth ers i nc l uded i n  th i s  compar i son  (a l ong w i th th e Och oco Pass catf i sh ) h ove pe l 
v i c  bones w i th oss i f ied i sch i a l  proc esses var i ou s l y  deve l o ped . No t  enough Recen t  
spec i mens have been exami ned to  determ i ne wh eth er th e rou nded pos ter i or marg i n and  
l ac k  of an  ossi f i ed i sch i a l  proc ess ore corre l ated w i th a h i gh n umber of pe l v i c  fi n rays 
or ref l ec t  on ana tomi c a l  spec i a l i za t i on  o f  th e p e l v i c  reg ion  assoc i ated w i th reprodu c 
t ion  (or bo th may b e  l i n ked toge th er } . Use o f  t h e  pe l v i c  f i ns  b y  spec i es o f  i c to l u r i ds 
i n  tend i n g  th e i r  eggs h as been descr i bed by Breder ( 1 935) . S i m i l ar i ty i n  p e l v i c  stru c 
ture may i nd i ca te a gene t i c  r e l a ti onsh i p  (Ti l ok ,  1 963o,  h a s  a l l i ed  th e S i l u r i doe  to 
the P l o tosi dae ) . The number of rays is know n  to vary w i th i n some curre n t l y  def i ned 
fami l y  groups ,  for examp l e ,  from 5 to 8 in both th e Bogr i doe  and Pi m e l odi doe , 6 to 
1 4  i n  the  S i l u r i dae , and  a l so w i th i n  a genu s ,  for examp l e ,  6 i n  Pongos i us  l arnoud i i , 
8 i n  Pongosi u s  m i cronemu s .  

T h e  Ochoco Pass pe l v i c  bon e appears to hove .the shor t poster i or (art i c u l a t i ng )  
marg i n  for seat i ng th e pe l v i c  f i n rays . Thus  i t  i s  u n l i ke th e typi c a l  i c to l ur i d  cond i 
t ion . 

Cotos tomi doe (su c kers) 
Gen . and sp . i nde t . 

P l a te I l l , 4-7 .  

Mater i a l  -- a sma l l r i gh t  operc l e ,  r i g h t  q uadrate , fragmen t  of  a pharynge a l  arch , 
l eft i n teroperc l e ,  i ncomp l ete basi occ i pi ta l , and numerous sca l es .  
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F igure 4 .  Compar i son of s i l uro i d  r i gh t  pe l v i c  bones, ventra l  aspect except where 
stated: A. U ndescr i bed spec ie s ,  AMN H 6888 , SL 1 43mm , Eocene Green R i v
er Fm . ,  Wyo . X4 .  B .  l c ta l urus punc tatus ( l c ta l ur i dae) UMMZ 1 86239-S ,  S L  
370m m ,  Va . ,  X 1 . 5 .  C .  C l ar i as l azera {C i ar i dae) U MMZ 1 66654 , S L  1 59mm ,  
Egypt X 1 . 6 .  D .  Rhamdi a�m� (Pi me l od i dae) U MMZ 1 84738-S ,  S L  
1 73mm , Mex ico , �E .  Ari us fe l i s  (Ar i i dae) U MMZ 1 79 1 47-S ,  S L  1 92mm , 
F l a . ,  X l . 3 .  F .  Pe l teobagrus�i � (Bagr i dae) U MMZ 1 83855, S L  l l 2mm,  
Ch i na ,  X2 . 8 .  G .  Mystus p l an i ceps (Bagri dae) UMMZ 1 55685,  S L  205mm ,  Su
matra , X 1  . 6 .  H .  Parasi l urus asotus (S i l ur idae)  uncat . spec . (J 66-) , S L  405m m ,  
J apan , X 1 . 6 .  I .  l nde t . U M M P  V56360,  Ochoco Pass l oca l i ty ,  Ore . ,  ventra l 
aspec t  to l eft , dorsa l to r i gh t ,  X3 . J .  Pangasi us mi cronemus (Sch i l be idae) 
UMMZ 1 8669 1 - S ,  SL 3 1 5mm , Tha i  land,  ventra l  aspect l ef t ,  dorsa l to r i gh t ,  
X 1 . 4 .  K .  Bagroi des macropterus (Bagri dae) UMMZ 1 86765,  SL 1 63mm , Tha i 
l and , X2 . L .  Le iocassi s s i amensi s (Bagr i dae) U MMZ 1 86 722, S L  80m m ,  Thai 
l and , X3 . M .  Pseudopi me l odus  zungaro (P i me lod idae) U MMZ 663 1 2, S L  1 23 
mm , Bo l i v i a ,  X 2 .  
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c f .  Amyzon Cope 
P l ate I ,  1 , 4; P la te I I ,  1 ;  P l ate I l l , 1 -3 .  

Referred mater i a l  -- l eft operc l e ,  l eft fronta l , r i gh t  dentary , sca l es .  

Remarks - - Study o f  th e sca l es i nd i cates th at more th an one k i nd of suc ker i s  repre
sented in the co l l ect ion . Sco l es (pl ate I ,  1 , 4; p l ate I I ,  1 )  are typi ca l  of th e 
"Amyzon type " and con be dup l icated in th e numerous Amyzon sca l es from the O l i 
gocene Grant l a ke sh a l es of Montano ( UMMP co l l ect ions ) .  Th i s  type of sca l e ,  from 
the f lank reg ion of th e body , i s  character ized by w id th as great as or greater than th e 
l ength , the focus i s  typi ca l l y  basa l i n  posi t ion , there are as much as a dozen fi ne 
basa l radi i ,  strong pri mary radi i in  th e ap ica l  fi e l d  (w i th more numerous and weaker 
secondary rad i i  i n  o l der sca l es) , we l l -defi ned l atera l  basa l corners that are marked 
i nter ior l y  by th e shape of th e c i rcu l i , and numerous fi ne c i rcu l i  (ri dges) th at thi c ken 
s l i gh t l y ,  ore more wide ly spaced , and become f l u ted in  the api ca l  fi e l d* . Th e �
zon sca l e  di ffers from sca l es of a l l Recent  catostomids i n  the above combi nation of 
charac ters and is part icu l ar l y  d isti nct ive i n  i ts basa l l y  posi t ioned focus . I n  th i s  I o tter 
feature , it agrees w i th sca l es of some of th e O l d  Wor l d  cypri n ids  -- espec i a l l y  c er 
tai n spec i es o f  Leu c iscus . 

A second type of suc ker sca l e  (p l ate I ,  5 , 6 ;  p l ate I I ,  4) represented i n  th e 
Ochoco Pass loca l i ty resemb l es th e "Amyzon type " except that it is  ( 1 ) proporti on
a l ly  not  as  deep as  long,  (2) h as a more centra l l y  posi t ioned focus ,  (3) th e basa l  
rad i i  are  more numerous,  and (4) the latera l basa l corners are  not  as  we l l  defi ned , 
some bei ng a l most rou nded . Besi des the sca l es ,  a l eft operc l e  (p l ate I l l , 2) appears 
to be long to the genus Amyzon and resemb l es some of th e operc l es found w i th Amyzon 
remai ns from th e O l igocene F l orissant Formati on ,  Co lorado , and from th e Grant l ake 
sha l es ,  Montana . Th e dentory (p l ate I l l , 3) resemb les that of Amyzon brevipi nne  
(Lambe,  1 906) and th e frontal  i s  c l ose to  th at of a second deeper bod ied Amvzon 
spec ies ,  i l l ustrated (but mis i denti f ied as Amyzon commune Cope) by Lambe ( 1 906) 
from th e Horsef ly  R i ver loca l i ty ,  Br it ish Co l umbi a .  F igure 5 compares the Ochoco 
Pass fronta l  w i th fronta l s  of Amyzon and some Recent  catostomi ds .  I n  genera l , th ese 
fronto l s  fa l l  i nto two groups . One has a pro ject ing postorbi ta l  process and notch i n  
th e orb i ta l  r i m  to seat th e supraorbi ta l  bone; th i s  group conta i ns Amyzon ,  l ct i obus , 
and Carpi odes . Th e other grou p has  no pro j ect i ng postorbi ta l proc ess of th e fron ta l , 
no supraorbi ta l bone,  and th e orbi ta l  r i m  near l y  para l l e l s  th e m i d l i ne of th e sku l l .  
Cotostomus, Moxostoma , Er i myzon and Hypente l i u m  form th e second group . �
tus ,  Myxocypri nus and Mi nytrema are somewhat i n termediate s i nce th ey have a supra
orbi ta l , but  no we l l -deve loped postorbi ta l process on th e fronta l . 

D i s c u s s i o n  

The three ident i fied fi sh fam i l i es present i n  the Ochoco Pass fauna :  Ami i dae , 
H i odonti doe , and Catostomi dae , as we l l as an i n c l uded (but as yet u n i dent i fi ed) cat
fish fami l y ,  are , to my know l edge , not known togeth er i n  any oth er Eoc ene or O l igo
cene fi sh fau na from western North Amer ica . A fossi I moon eye i s  u n known from th e 

* Fragments of th i s  same type of suc ker sca l e ,  or one very si m i  l or to i t ,  were c o l 
l ec ted and sent t o  m e  by Lee J enk i ns from on outcrop o f  leaf-bear ing  mudstone on  
Gray Bu tte i n  J efferson Coun ty ,  Oregon . 
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Plate I .  Isolated scales from Ochoco Pass locality, Ore . :  1 )  regenerated cotos
tomid scale, cf. Amyzon, UMMP V 56350, X5. 2) lndet. scale, possibly a 
hiodontid, UMMP V56374, X2. 3) regenerated catostomid scale, Oregon 
Dept. Geology and Mineral Industries, X3. 5 .  4) cotostomid scale, apical 
field missing, cf. Amyzon UMMP Y56347, X4.4. 5) cotostomid scale, Ore
gon Dept. Geol. and Min. l nd . , X4. 4. 6) catostomid scale, Oregon Dept. 

Geol . and Min. Ind . ,  X4.6. 7) regenerated amiidscale, cf. Amia UMMP 
V56363, X4. 8) hiodontid scale, cf. Hiodon UMMP V56368, X5.9. 9) 
hiodontid scale, cf. Hiodon, UMMP V56370, X7.8. 
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Plate I I .  Isolated scales from Ochoco Pass locality, Ore . :  I) catastomid scale, cf. 
Amyzan UMMP V56358, X4.3. 2) regenerated amiid scale, cf. Amia, UMMP 
V56364, X8.2. 3) regenerated amiid scale, cf. Amia, UMMP V56366, X3.8. 
4) catastomid scale, Oregon Dept. Gea l .  and Mi;;-:-r;:;d . ,  X3.8. 5) catastamid 
scale, UMMP V56357, X4. 6) catostomid scale, cf. Amyzon, UMMP V56351 ,  
X6.6. 7) lndet. scale, pos.sibly a hiadontid, UMMP V 56375, X6.5. 8) lndet. 
lateral line scale, possibly a hiodontid, UMMP V56371 , X5.5. 9) hiadontid 
scale, cf. Hiodan, UMMP V56369, X6. 
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Plate I l l .  Isolated cotostomid skull elements from Ochoco Pass locality, Ore. 
1 )  left frontal ,  ventral aspect, cf. Amyzon, UMMP V56341 ,  X2. 7 2) left 
opercle, cf. Amyzon, UMMP V56346, X1 .5.  3) right dentory, cf. Amyzon, 
UMMP V56345, X3.8. 4) right quadrate, mesial aspect, gen. and sp. indet . ,  
UMMP V56354, X 2 .  9 .  5) incomplete basioccipital, gen. and sp. indet . ,  
UMMP V56356, X3.2. 6) right opercle, mesial aspect, gen. and sp. indet., 
UMMP V56344, X3. 7) porosphenoid, gen. and sp. indet., UMMP V56343, 
X3.8. 8) left interopercle, gen. and sp. indet. UMMP V56355, X3.9. 

Plate IV. Isolated siluroid skeletal elements from Ochoco Pass locality, Ore. 
1 )  suproethmoid, ventral aspect above, dorsal below, UMMP V56361 ,  X2.7. 
2) right pelvic bone, ventral aspect to left, dorsal to right, UMMP V56360, 
X4.5. 3) left incomplete cleithrum, lateral aspect at left, mesial at right, 
UMMP V56362, X3. 2. (above) 
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F i gure  5 .  Compari son of catostom i d  l eft fro nta l bones , dorsa l aspec t .  A .  cf . Amyzon , 
UMMP V5634 1 , 0choco Pass l o ca l i ty ,  Oregon , X l . 7 .  B .  l c t i obus buba l u s ,  u n 
cat . spec . ,  Texas , est . S L350mm , X 1 . 5 .  C .  Cyc l eptus  e�s , UMMZ 
1 76973 -5 ,  S L 404mm , Texas , X 1 . 5 .  D .  Amyzon sp . ,  N MC 1 686 ,  est . S L  
1 85mm , Eocene Horse f l y  R .  l oca l i ty ,  Br i t .  Co l . X 1 . 8 .  E .  Catostomus com 
merson i ,  UMMZ 1 60983 ,  S L  1 35mm ,  Ky . ,  X l . 8 .  F .  Myxocypr i nus asi �us, 
AMNH 1 1 629 , SL  59m m ,  Ch i na ,  X5 . 4 .  G .  M i ny trema me l anops , U MMZ 
1 79906 , SL 206mm , Ky . , X l . 5 .  H .  Amyzon ,  sp . ,  U S N M  4085 and 5508 , est . 
S L  1 90mm , O l i goce n e ,  F l or i ssan t ,  Co l o . ,  X 2 . 2 . 

Green  R i ver Format ion  or from th e F l ori ssan t  Lake Beds,  a l though th e other  th ree fam 
i l i es h ave been reported from th e l atter . Suc kers are u n know n i n  th e Green  R i ver 
sha l es .  At the  Eoc ene H orsef l y R i ver l o ca l i ty in Br i t i sh Co l umb i a and the O l i gocene  
l ake sh a l es near Gran t ,  Mon tana ,  a foss i l mooneye h as been found  a l ong  w i th suc kers 
and  a bowfi n .  Catf ish have not  been d i scovered at th ese two l oca l i t i es as yet . The 
Eoc ene H orse f l y  Ri ver h i odon t i d  may be equ i va l en t  to Eoh i odon rose i from the Tra n 
q u i l l e beds a t  Kam l oops Lake , Bri t i sh Co l u mbi a (Cavender , 1 96� 

As more co l l ec t i ng is done a t  the  Ochoco Pass l oca l i ty ,  n ew e l ements i n  th e 
f ish fau na w i l l  probab l y  appear . One  of th e sca l es ( U MMP V56373 ) that h as not 
been i den t i fi ed su ggests that a cypr i n i d  m i g h t  h ave been presen t . Determ i na t ion  i s  
d i ff i cu l t  because Amyzon sc a l es ear l y  in deve l opment  can l ook  s im i l a r  to i t .  T h i s  
sca l e  i s  very sma l l ( 4mm  l o ng ) w i th a basa l foc u s ,  n o  v i s i b l e  basa l radi i ,  abo u t  a 
dozen ap i c a l  radi i (5 of wh i ch are pr i mary) and  th e sca l e  h as l a tera l basa l corners . 
I t  resemb l es sca l es of R i c hardson i u s  ba l teatus . The o l dest  North Amer i can cypr i n i ds 
now know n  are from the basa l part (Br i dg e  Creek f l ora hor izon)  of th e John  Day For 
mat ion  i n  Oregon . A potass i um -argo n da te o f  th i s  strat i graph i c  h or i zon h a s  been de
term i n ed as  3 1 . 1  mi l l i o n  years ( Evernden and others , 1 964) . 
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Three of th e above fam i l i es men t ioned , the Am i i dae ,  H i odo n t i dae , and Catos 
tom i dae ,  are consi dered by Dar l i ng ton ( 1 957) as pr i mary freshwater grou ps w h i c h  are 
today restr i c ted to fresh water and apparen t l y  h ave  been th us conf i ned  through much  
or a l l  of th e i r  evo l u ti o nary h i s tory . S i nce  th e catf i sh h as not  been defi n i te l y ass i gned 
to  a spec i f i c  fami l y ,  i t  does  not  prov i de  substant i a l  evi dence  for a freshwater hab i t a t ,  
a l though c atfish es today l i ve predomi nan t l y  i n  fresh wa ter . Some  members of the  ma
r i n e  ca tf i sh fami l y ,  Ar i i dae , do i nh a b i t  th e l ow er parts of freshwa ter streams a l ong  
th e tropi ca l  coasts of Cen tra l Amer i ca  (Mi l l er ,  1 966) . S k e l e ta l  evi dence , however , 
does not  i nd i cate th at th e Ochoco Pass cat fi sh ( es ) i s  an ar i i d .  A more probab l e  af
fi n i ty is  w i th th e Bagr i dae or l c ta l u r i dae , both freshwater fami l i es accord i n g  to Dar
l i ng ton  ( 1 957) . Freshwa ter catf i shes h av� a fossi l record th roughout  most o f  th e C eno
zo i c  in  w estern North Ameri ca  (Joh n Lu ndberg , ora l commu n i c at i o n ,  1 967) ,  and  when  
th i s  record i s  compared w i th t h a t  o f  some of th e o th er freshwater fam i l i es ,  i t  stands 
out  as a fa i r l y  good one . Eocene catf ish foss i l s  r epresen t i ng  a n u mber of d i fferen t  
fam i l i es h ave  been reported from Europe , Afr i c a ,  Asi a ,  Sou th Amer i c a ,  and (O l i go
cene )  Austra l i a ,  as w e l l a s  North Amer i c a  (Romer , 1 966) . I t  i s  apparen t  tha t  by 
ear l y  Ter t i ary t i m e ,  th e evo l u t i onary h i s tory of s i l uroi ds was a l ready q u i te comp l i c ated . 

The fossi l h i odon t i d  sca l es from th e Ochoco Pass l oca l i ty vary from 3mm to 7mm 
i n  l en g th . In Recen t  H i odon , a s im i l ar s i ze  range can be found  on very sma l l  to l arge 
j uven i l es up  to 200 m� Two l i v i ng spec i es ,  H i odon terg i sus  and !:! ·  a l osoi des ,  
and a n  ex t i n c t  m i dd l e  Eoc ene spec i es ,  Eoh i odon rosei , men ti oned  above (a l so t h e  u n 
desc r i bed h i odont i d  spec i es fro m  the  Grant  l ake sha l es ,  Mon tana ) , make up  th i s  
fami l y  wh i c h  i s  endem ic  to  North Amer i ca . The  H i odon t i dae h ave no c l ose l i v i ng 
r e l a ti ves; th ey are re l i c t  fi sh e s ,  survi vors of an ear l y  stage of t e l eost evo l u t i on . 

Potassi um -argon da tes from Eoc ene sed i men ts i n  Br i t i sh Co l um b i a  con ta i n i ng 
th e o l dest know n  North Amer i can  Catostom idae  range from 45 to 49 m i l l i on years 
(Rouse and Math ew s ,  1 96 1 ) .  Suc kers appear to be one  of th e ma jor components  both 
in n umbers and spe c i es (except in the  Green R i ver fau na  as stated above) of  the ear l y  
to m i dd l e  Cenozoi c freshwater fau nas o f  w estern North Amer i ca . Th e Eoc ene  and 
O l i gocene  spec i es known from comp l e te spec i mens possess a l ong dorsa l  fi n and seem 
to be l ong to or h ave a c l ose r e l at i onsh i p  w i th the  ex t i nc t  genus  Amyzon . 

Of th e four grou ps of fi sh es know n i n  th e Ochoco Pass fau na ,  on l y  one ,  th e 
Catostomi dae , l i ves i n  th e same area today . H i odon t i d s ,  cat f i sh es and bowf i ns are 
not na t ive  to th e Co l umb i a  R i ver Basi n (Mi l l er ,  1 959) . Catf i sh , howeve r ,  are known 
from the P l i ocene - P l e i stocene  " I daho Lake " fau na , Co l u mb i a  and  Snake R i ver dra i n 
age (Mi l l e r ,  1 965; Mi l l er and Sm i th , 1 967) . 

Foss i l remai ns other  than f ish sc a l es and  bones occas iona l l y are found  at t he  
Ochoco Pass loc a l i ty .  Var i ous p l a n t  fragments oc cur  a s  i m pr i n ts on  th e sh a l e  s l a bs .  
One  pi ec e  sh ows a si ng l e ,  broken bee t l e  w i ng .  

S i nc e  some of th e sca l es ore fragmented and a l l t he  bones are d i sart i c u l a ted , 
transporta t ion  of th e rema i n s  may h ave taken p l ac e  before bur i a l . S tream corry i n to 
a q u i e t  body of wa ter w h i ch had a h i gh l y  orga n i c  mud bo ttom is a possi b i l i ty .  How 
ever , par t i a l  to a l most comp l ete decompos i t i on  o f  dead f i sh (a l o n g  w i th a l arge amoun t  
of  p l an t  mater i a l )  n ear or on a l ake bottom i s  perh aps a bet ter exp l ana t ion  for th i s  type 
of preservat ion . The ev i dence  ga th ered from  th i s  s tudy of th e f i sh remai ns i nd i cates 
tha t  the  Ochoco f i sh occ u p i e d ,  in  l i fe ,  a freshwa ter hab i tat . 
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R E PR I N TE D  FROM 
The ORE B I N  
Vo l ume 30, no . 2 ,  p .  32-36 
February 1 968 

A LARGE  FOSS I L  SAN D  SHARK OF TH E G E N U S  
O D O N TAS PI S FROM OREGO N 

By She l ton P .  App l egate* 

An assoc i ati on  of numerous preserved h ard parts of a s i ng l e  foss i l  shark are 
on l y  rare l y  encoun tered in th e Cenozo ic  mar i ne  beds . Therefore ,  we were 
q u i te exc i ted wh en a package arr i ved from the Oregon Department of  Ge
o l ogy and Mi nera l I ndustr i es wh i c h  conta i ned no t  on l y  foss i l  i nvertebrates 
and fish sca l es but remai ns wh i c h  from thei r s i mi l ar s i ze and c l ose occur
rence mus t  h ave come from a s i ng l e i ndi v i dua l  shark . Th e foss i l s  i n  q uest ion 
were co l l ec ted by geo l og i sts w i th the Oregon Department  who a l so prov i ded 
th e geo l og i c  su mmary quoted be l ow . Ac.know l edgment is made to th e fo l 
l ow i ng members of the Museum staff: to An i ta D augherty for h er assi s tance  
i n  edi t i ng th e manusc r i pt ,  to  Pear l H anbac k for th e fi ne i l l ustrat ions ,  and  
to  Doroth ea Barger for typ i ng  th e manusc r i p t . 

Th e foss i l s  occu rred i n  a 
b l ac ki sh gray mar i ne sha l e  asso
c i ated w i th sma l l pe l ecypods and 
gastropods . A few p l ant fragments 
were a l so presen t ,  as we l l as a 
nu mber of bony f ish sca l es and a 
pa i r  of fish -ear bones (o to l i th s) . 
I n  cross sec t ion some of the sed i 
ment  showed forami n i fera . 

The fo l l ow i ng desc r i pt ion  of 
th e fossi l si te was provi ded by th e 
Oregon Depar tment of Geo logy 
and Mi nero I I ndustr i es : 

" Th e  l oca l i ty i s  i n  th e bed of 
Scogg i n  Creek abou t 40 mi l es by 
road west of Por t l and and about  

'--""=-------';.------------------' 5 a i r l i ne m i l es sou thwest of For
est Grov� (see i ndex map) . Th e rocks conta i n i ng the fossi I sh ark remai ns 
be l ong to th e Yamh i l l Forma t ion , wh i ch crops out in a north -trend i ng be l t 
about  a m i l e  wi de . H ere th e format ion i s  composed of about  2000 feet of 
s i l tstone and th i n -bedded b l ac k  sh a l e  wh i ch weath ers to a ye l l ow i sh co l or . 
The beds d i p  to the sou th east from ?" to 1 5° and are we l l exposed i n  th e 

Scale 
0 10 I� M i .  

*Assoc i ate Curator , Vertebrate Pa l eon to l ogy , Los Ange l es Cou nty Museum 
of Natura l  H i story . 
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creek bed at t i me o f  l ow water . 
" Th e  sed iments have been dated as l ate Eocene from m i crofauna  by W .  

W .  Rau (wr i tten commun i cat io n ,  1 962) ,  who  s tates tha t  th e forami n i fera l  
assemb l age i s  d i agnost i c  of the Nar i z i an  stage of Ma l lo ry ,  A-2 zone of 
Lai mi ng ,  and typi ca l  of that  fou nd at th e type l oca l i ty of th e Yamh i l l  For
mat ion a l ong Mi I I  Creek about  30 mi l es to th e sou th . 

" Th e  Yamh i l l  Format ion l i es betw een o l der Eocene mar i ne sedi ments 
and assoc i ated vo l c an i c  rocks th at make up  the Coast Range to th e w est  and 
sandstone of the Spenc er Format ion of l a ter Eoc ene age to th e east . "  

S i  nee the cond i t i ons for preservi ng vertebrate fossi I s  must have been 
exce l l en t ,  th e abu ndanc e o f  th i s  materi a l  g i ves us  prom i se  of  f i nd i ng oth er 
i n teres t i ng  vertebrate rema i ns . Such a f i nd  as th i s  is probab l y  anoth er i n 
d icat ion  o f  the r i c h  undescr i bed foss i l mari ne  fi sh fau na tha t  occurs a l ong 
the Pac i fi c  Nor thw est . I f  more of th ese foss i l s  are co l l ected and desc r i bed , 
we w i l l know a great dea l more abou t th e h i story and d i s tr i bu t ion  of foss i l  
fi sh es . 

The shar k materi a l  cons i sts of 22 vertebrae , one of wh i ch i s  show n  i n  
f igure 3B . There are numerous patches of h o l l ow cubes of c a l c i f i ed c art i 
l age wh i c h  form a mosa i c  (fi gure 3 A  i s  a sketch  of  such a patch i n  p l ac e) ;  
each cube i s  ca l l ed a tessera . I n  l i v i ng sharks these cu bes make up  the 
sku l l  (chondocran i um ) ,  j aws , and g i l l  and f i n supports (App l egate , 1 96 7) .  
Foss i l  tesserae are more often th an not d i sso l ved by grou nd water or a t  l east 
detached , so th a t  they are e i th er m i ss i ng or over l ooked . Th e tesserae i n  
th i s  spec i men appear to b e  s i mi l ar to those w h i c h  occur  i n  the l i v i ng sand
sh ark genus Odon taspi s .  Th e vertebrae i n  c ross sec ti on  (fi gure 3C)  are of  
th e typ i ca l  l amnoi d type , show i ng rad i a l su pports w i th branch i ng si m i l ar to  
wha t i s  found i n  Recent  Odontaspi s . Th e i l l u s trated ver tebra i s  from th e 
c auda l reg ion . F i g ure 1 shows a typi c a l  member of th i s  genus Odon tasp i s  
tau rus . 

Th e mos t  importan t  part of th ese fossi l rema i ns i s  a s i ng l e  tooth (fi g 
ures 2,  A & B ) . By  compar i ng th i s  w i th those teeth i n  Rec ent  sand -sh ark 
j aws ,  a method wh ich  I h ave d i sc ussed e l sewh ere (Ap p l egate , 1 965) , i t  
becomes apparent  tha t  th e tooth i s  a second l ower r i g h t  a nter i o r ,  o r  the 

F i gure 1 .  Draw i ngs of  th e Rec ent  Odon taspi s tau rus , wh i ch i s  re l ated to 
th e n i ne-foot Oregon sand shark . 
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F i gure 2 .  Two v i ews of th e sha rk  tooth . 
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F igure 3 .  Vertebrae and cart i l age of th e sand shar k .  
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th i rd tooth from th e c enter l i ne .  Th e greatest w i d th of th e tooth bose i s  
1 7  mm . The h e i gh t  of th e tooth . i s  28  mm . ,  to  wh i ch must be added o good 
por t ion of what  is m i ss i ng . A s im i l ar tooth from a fema l e sand sh ark ,  {No . 
1 2) {App l egate , 1 965) , h od th e fo l l ow i ng measurements : w i dth 1 7 mm . ,  
h ei gh t  34 mm . The tota l  l ength of th i s  shark w as 273 em . ,  or approx i mate
ly n i n e  feet . The foss i  I shark m i gh t  be assu med to have hod a s imi l or l ength . 

On  th e i nner surface of th e crown  th e too th h as defi n i te razed l i nes or 
s tr i at i ons {fi g .  2) . Th ere i s  a tendency for some of th ese str i at ions  to be 
fa i n t .  Some branch , and oth ers j o i n  togeth er .  Such str i at i ons ore known 
from o n l y  a few spec i es of foss i l sand sharks . 

U ndoubted foss i l odontosp i ds ore known from the Cretaceous to the 
presen t .  Th e Cretaceous genus Scaponorhynch us ,  re l ated to th e Recent  
deep-sea gob l i n  sh ark Mi tsu kur i na ,  h as very strong , stra i gh t ,  we l l -defi ned 
s tr i at ions  on the i nner crown su rface;  at l east two spec i es i n  Scoponorhyn
chu s  o re  c l ose to  Odontaspi s ,  a s i tuat ion th at  needs fur ther  i nvest igat ion by 
th e estab l i sh ment  of arti fi c i a l  tooth sets as suggested by App l egate , 1 965 .  
I n  the Pa l eocene a t  l eas t th ree spec i es of sma l l odon tosp i ds w i th s tr i ae  oc
cur :  Odontospi s  s ubstr i oto substr i o to ,  Odon tospi s  substr i oto ot l os i , and 
Odontospi s  w h i tei . A l l three spec i es hove been fou nd i n  th e M idway near 
Fort Bento n ,  Ark . ,  L . A . C . M . Loc a l i ty 65 1 0 .  0 .  wh i tei and su bstr i oto 
ore a l so know n from th e Pa l eoc ene of Afr i c a ,  and from the beds that  range 
from Thonet i on to u pper Ypresi an  age in Afr i ca we fi nd 0 .  substr i oto ot l os i . 
Accord i ng to Wh i te ,  another spec i es Odontospi s  str i a ta (h i s  0 .  moc roto 
str i ata )  i s  ch arac ter i s t i c of th e ear l y  Eocene of Eng land , wh i l e  th e most re
cent  recogn i zed str i ated spec i es 0 .  mocroto i s  more charac ter i s t i c  of th e 
l a te Eocene . Probab l y  0 .  w h i telor 0 .  su bstr i oto i s  th e ancestor of 0 .  
s tr i ata wh i ch i n  turn g i ves r i se to 0 .  -;ocroto . Th e tee th of th e Pa l eoc ene 
spec i es ore q u i te sma l l ,  overog i ng-;rou nd one-ha l f  i nch or  l ess in  tota l 
l en g th ;  those o f  0 .  mocroto and 0 .  str i ata ore l onger , more th an one i n ch . 
Those of 0 .  mocroto ore sa i d  to beth e l onger and th i c ker of th e two . Th i s  
genera l type o f  too th occ urs a l so i n  th e Miocen e ,  and i s  h ere i n terpreted 
as bei ng from 0 .  mocroto . I be l i eve that th e Oregon tooth i s  a l so r efer
a b l e  to 0 .  maC"roto . 

I t  i s  of spec i a l  i n terest th a t  th e Rec ent sand sh ark Odon tospi s  taurus 
shows occ as i o na l  stri a ti ons on i ts c rown . S i n c e  the 0 .  mocroto type of 
too th is c l ose in many ways to those of 0 .  tau rus ,  it may be th e anc estor 
of th i s modern form . 

- ---

Foss i I teeth of th e 0 .  moc roto-0 . s tr i a  to type ore known  from E urope , 
Russ i a ,  Afri c a ,  New Zea l an d ,  and North Amer i c a . Th ey h ove been to ken 
a t  the L . A . C . M .  Loca l i ty 2024 ca l l ed " Pi peh i l l , " in Baja Ca l i fo rn i a (Tep 

o tote Format i on , th ough t  to be l a te Pa l eoc ene ) . Anoth er examp l e  from th e 
Pac i f i c  Coast i s  known  from Trabu co Canyon , Orange Coun ty ,  Co l . ,  w h ere 
i t  w as found  in the topso i l :  i ts age i s  no t  know n ,  bu t i t  i s  probab l y Eoc ene 
o r  l ow er M iocene . A few sma l l tee th of th i s  comp l ex ore k now n from L . A . 
C . M . Loc a l i ty 1 649,  Te jon  Forma t i o n , i n  the San to Ynez Mou nta i ns , Co l . 
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I n  the eastern U n i ted S ta tes , Odontaspi s cf . macrota i s  known from Miocene 
beds  a t  N ew Ber n ,  N . C . ;  near Char l esto n ,  S . C . ;  and n ear Wa l l meyer F i sh 
Camp , Va . Any or a l l of these teeth cou l d  represent reworki ng from under
l y i ng Eocene sed imen ts . 

Th e genus  Odontasp i s  i s  rare i n  typi ca l  West Coast Miocene beds and  
th e few that  a re  know n  are referab l e  to  the 0 .  ferox type . Th e o n l y  l i v
i ng sand shark i n  the eastern Pac i fi c  i s  odc;nt� ferox , reported by 
Daugh erty ( 1 964) on th e bas i s  of two spec i mens taken off Ca l i forn i a . T h i s  
spec i es i s  a l so represented i n  th e L . A . C . M . co l l ec t i on  by  th e j aw of a 
th i rd  spec imen purchased by Mr . Don a l d  Coc ke i n  La Paz ,  Ba j a Ca l i for n i a .  
0 .  ferox i s  a deepwa ter shark w i th a l most wor l d-w ide d i str i bu t ion  i n  tem
perate waters , though most commo n l y  ta ken i n  th e Medi terran ean . Th e 
tooth crowns  of th i s  shark are smooth , and the teeth qu i te d i fferen t  i n  
shape and nu mber o f  l a tera l  dent i  c I es from the  Oregon spec i men . 

I f  we may assume th a t  0 .  mac rota was th e ancestor of 0 .  tauru s ,  i t  
may h ave occ u p i ed a s im i l ar n i c h e . The modern taurus i s  a comparat ive l y  
s l ugg i sh f i sh -ea t i ng  sh ar k ,  capab l e o f  sh ort bursts o f  speed . I t  i s  a bottom 
dwe l l er ,  occurr i ng in very sh a l l ow water from about  1 to 1 5  fathoms . I t  i s  
known  from the easter n  Un i ted S tates , Braz i l ,  Europe and th e Medi terrane
an,  South  Afr i ca , and perhaps Austra l i a . Rec en t l y ,  th e possi b i l i ty of  i ts 
occurr i ng i n  Japan has been brough t to my atten t ion  by Mr . Toru Ta n i u c h i ;  
yet th ere i s  no record of i ts hav i ng ever been taken i n  th e eastern Pac i f i c . 
I f  0 .  macrota h ad a s im i l ar d i str i bu t ion  to th at of 0 .  taurus  and s i mi l ar 
teeth , and was the ancestor of taurus ,  we can  a t  l east th eor i ze si m i l ar hab
i ts .  The Pac if i c Eoc ene forms may h ave i nhabi ted anc i e n t  sh a l l ows and 
bays w h i c h  w ere l ost du r i ng l a ter mou nta i n  bu i l d i ng . The  fac t th at th ese 
coasta l shar ks seem to shu n th e trop ic s  or very c o l d  water p l us the presence  
of  th e I sthmus  of  Pa nama may be what  h as kep t th e eastern Pac i fi c  free of 
th i s  spec i es s i n ce  th e Mi ocene . Certai n l y  as we d i scover mor e fossi l s ,  our 
know l edge of  th ese i n terest i ng sharks w i l l  become c l earer . One  shou l d  
keep i n  m i nd that  foss i l f i shes can  te l l  u s  a great dea l abou t past c l i mates , 
currents , conti nen ta l  ou t l i nes ,  and th e  evo l u t ion  of l i fe . 
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Vo l ume 34, no . 1 0 , p .  1 6 1 - 1 70 
O c tober 1 972 

FOSS I L  SHAR KS I N  OREGO N  

Bruce J .  W e l ton* 

Approximate ly  2 1  spec i es of sharks ,  ska tes , a nd rays are e i ther i nd igenous 
to or occasiona l l y v i s i t  the Oregon coas t .  Th e B l u e  Shar k  Pr ionace g l auco,  
Soup-fi n S hark G a l eorh i nu s  zyopterus , and the Dog -fi sh Shark Sq� 
acan th ias commo n l y  i nhab i t  our coasta I waters . These 2 1  spec ies  are 
represen ted by 16 genera , of wh ich  1 0  genera are known  from the foss i l 
record i n  Oregon . Th e mos t  common genus encou n tered is the Dog -fi sh 
Shark  Squa l us .  

Th e sharks ,  ska tes , and rays,  (a l l  m embers of the E l asmobranch i i )  have 
a foss i l  record ex tend ing bac k i n to the Devon ian  per iod , bu t many ma jor 
grou ps became exti nc t  before or dur ing the Mesozo ic . A rap id  expans ion 
i n  the num ber of new forms before th e c l ose of  the Mesozoic  gave r i se to 
prac t ica l l y a l l th e H o l ocene fam i l i es l i v i ng today . Pa l eozoic  shark remai ns 
are not known from Orego n ,  but  teeth of the Cretaceous  g enus  S capanorhyn 
c h us have been co l l ec ted from the H udspeth Format ion near Mi tch e l l ,  
Oregon . 

Recen t work has shown tha t  e lasmobranch teeth occur i n  abundance 
wes t  of the Cascades in  mar i ne Ter tiary s trata rangi ng in age from l ate 
Eocene to m i dd l e  Miocene (F igures 1 and 2) . 

A l l  members of the E l asmobranch i i  possess a cart i l ag i nous endoske l eton 
wh i ch deter i ora tes rap id l y  u pon dea th and is on l y  rare ly  preserved i n  the 
foss i l record . O n l y  u nder except iona l  condi t ions  of preserva tion ,  usua l l y  
i n  a h igh l y  reduc i ng envi ronm en t ,  w i l l  cran ia l or postcran ia l e l em en ts be 
fossi l i zed . Th e hard ou ter enam e l  of  a l l  sharks teeth ena b l es them to res i s t  
weath er i ng and transporta t ion pr ior to  deposi t ion . Cons ider ing  th i s  fac t  and  
a l so the fac t  tha t tooth progress ion and rep lacem e n t  i n  the e l asmobranchs 
i s  a perpetu a l  process which conti n ua l ly contr i bu tes teeth to nearby sed i 
men ts ,  i t  i s  n o  wonder tha t  tee th consti tu te a lmost  1 00 percen t  of  a l l  the 
shar k mater i a l  fou nd i n  Oregon . 

* S tudent ,  Depar tm en t  of Earth Sc i enc es , Por t land  S ta te U n i versi ty 
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P r e v i o u s  W o r k 

A l though e lasmobranch faunas from the Ter tiary of Oregon have never 
received extensive taxonom ic  treatment,  their existence has, however , 
been noted by ear ly workers, dati ng as far bac k  as the m i d- 1 800 ' s . I n  1 849, 
J .  D .  Dana exp lored the Astor ia Forma tion in search of vertebrates and was 
one of the first to recognize shark rema ins from Oregon . 

Pac kard ( 1 940) , i n  descr ib i ng a l ea therbac k tur t l e ,  Psephophorus(? ) 
oregonensis ,  commented on the occurrence of sharks teeth i n  the Astoria 
Formation at the mou th of S pencer Creek .  Pac kard ( 1 947) aga i n  noted th e 
presence of sharks teeth i n  the Astor ia Formation , but unfortunate ly  th is  
mater ia l was never descr ibed . 

S teere,  i n  a seri es of papers descr ib ing fossi l co l l ec ti ng loca l i ti es 
from the Ter tiary mar ine  sedim en ts of western Oregon , mentions the occur 
rence o f  sharks teeth from the Cow l i tz Forma tion ( 1 957) and aga i n  i n  a l a ter 
pu b l ication ( 1 958, p .  58) sta tes tha t "a few shar k teeth have been co l l ec 
ted from 0 1  igocene mar i ne sandstones of th e Eugene Formation . "  

Sands of the S pencer Formation west of Monmou th , Oregon , have 
y ie l ded an unusua l l y h igh concen tration of shark a nd ray teeth of la te 
Eocene age . Sch I i c ker ( 1 962 ,  p .  1 74) noted th is  concentrat ion , s tati ng 
that " Sharks teeth are abundan t  in a roadcut near the Luc kiamu te R iver 
j ust  nor th of H e lm i ck  Park on U . S .  H ighway 99-W . "  

Th e first shar k rema ins from Oregon to rece ive taxonom ic tre atm en t  
were co l l ec ted from Scogg i ns Creek by members o f  t he  Oregon Department  
of Geo logy and Mi nera l  I ndustries -i n 1 967 .  Twenty-two ver tebrae ,  one 
anterior tooth , and a few pa tches of ca l c if ied carti l age were co l l ec ted from 
a we l l -bedded , fi ne-gra i ned dar k mudstone i n  the Yamh i l l  Format ion of 
Eocene Age . A l l of the spec imens were forwarded for identi fica tion to 
She l ton P .  App l ega te ,  Assoc ia te Curator of Vertebra te Pa l eonto logy at the  
Los Ange I es Couhty Museum o f  Natura l H i s tory . Shor t ly  thereafter , a n  
art ic l e  appeared i n  The OR E B I N (App l ega te ,  1 968) descr ibi ng the denti 
tion and ske le ta l  e l ements as be long i ng to an Eocene Sand Shark Odontaspis 
macrota . 

H ickman ( 1 969, p .  1 04) descr ibed the occurrence of two sharks teeth 
i n  th e  Eugene Forma tion , sou th of Sa l em ,  Oregon . I n  her d i scussion she 
sta tes, " Sharks teeth are occaiona l l y  found i n  the Eugene Formation . The 
teeth represent two major grou ps of sharks . The s ing l e  cusps are typica l of 
the modern ga l eoid type of shar k (H ic kman,  1 969, p l . 1 4, fig . 1 2) and 
the saw - l i ke teeth typica l  of the pr im i t ive hexanchoid genus H exanchus 
(Noti danus) (H ickman ,  1 969, p l . l 4 , fig . l 3) .  Both of these groups are 
abundant ly represented by tee th i n  Tertiary marfne deposi ts ,  a l though they 
are not we l l  know n from the Pac i fic Coas t . " 

Spec imens of the hexanch i d  sharks, Notorhynchus and Hexanchus, 
are re la tive ly abu ndant i n  beds of l ower Tertiary age i n  Oregon . Sharks of 
the genus Notorhynchus are known from sediments of Eocene and O l igocene 
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loca l i ty map for stra tigraph ic  sec tions 
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F i gure 1 • Corre l a tion chart for geo logic forma tions of western 
Oregon . Adapted from J .  D .  Beau I i eu , 1 971 , p .  63 . 
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age i n  northwestern Oregon,  and ear ly  and m i dd l e  Miocene beds of th e 
centra l  Oregon Coast Range have y ie l ded teeth of the S ix-g i  l i ed Shark  
H exanchus . The first Nor th Amer ican occ urrence o f  t he  genus H eptranch ias 
i s  represented by a s ing l e  tooth co l l ected from the Keesey Formation at Mist ,  
Oregon . 

O c c u r r e n c e 

F i ne-gra ined b lack  Cretaceous mudstones of the Hudspeth Forma tion 
crop ou t a l ong numerous sma l l exposures north of Mi tche l l i n  east-centra l 
Oregon . These sed iments have y ie l ded three teeth , the on ly  Mesozoic  shar k 
teeth known a t  th i s  t ime from Oregon . One of the teeth may be tentat ive ly 
ass igned to the common Cretaceous genus Scapanorhynchus . A more thor
ough search of these roc ks w i l l  undoubted ly  revea l an  abundanc e of ma ter ia l .  

F ive upper Eocene formations i n  western Oregon have y i e l ded e l asmo
branch rema ins ,  representi ng over 75 percent  of a l l  the Tertiary shark mater 
i a l  known  from Oregon . 

The Yamh i l l  Formation , croppi ng out  a l ong stream beds i n  Scoggins  
Va l l ey,  west of Fores t Grove , Oregon , has y ie l ded a disarti c u l a ted ske l e
ton of th e Eocene Sand Shark, Odon taspis macrota (P l . 1 ,  3a , b) (App l e
ga te ,  1 968) . I n  assoc ia tion w i th th i s  s ke l e ton a re  five tee th o f  a ye t  undes
cr ibed spec i es of ec h i norh i ni d  or S pi ney Shar k  (persona l commun icat ion from 
S h e l ton P .  App l egate) . Apparen t ly  th ese teeth represent norma I tooth loss 
dur i ng pos t-mortem scaveng i ng by the S piney Shark . 

Coa rse sandstones ahd f ine-gra ined mudstones of the Coa l edo Forma
t ion ,  exposed from Yokam Poi nt sou th to  Share Acres S ta te Par k  be low 
Char l eston ,  y i e l d  many teeth , usua l l y i nc l uded i n  biostromes of c l ast ic she l l  
ma ter ia l .  Over 700 shark and ray teeth have been recovered from sediments 
a t  Shore Acres S ta te Park .  Th is assemb l age is character ized by Odontaspi s  
macrota , Squa l us ,  and t he  Eag l e  Ray  My l iobatis (P l . 1 ,  Sa , b, c) . Th e 
abundance of m y l iobat id  teeth a t  th i s  l oca l i ty far exc eeds any o ther area 
i n  Oregon . 

Sands of th e S pencer Format ion a t  H e lm ic k H i l l ,  9 m i l es w est of Mon
mou th , Oregon conta i n  a s i ng l e  d i scont inuous l ens of wea thered l imon i te 
s ta i ned pebb l es and shar ks tee th , not exceed i ng a foot i n  th i c kness . D i s 
aggregation and  screen ing o f  these sed iments ha s  y ie l ded over 2 ,  000 teeth , 
of wh ich  95 percen t  be long to the Sand Shar k  Odon taspis macrota . Teeth 
of Squa l us ,  My l i oba t i s ,  l suru s ,  th e Ange l  Shark Squati na ,  and the Horn 
Shark  H e terodontus (P l . 1 ,  4c) are encoun tered . 

Transpor t pr ior to depos i tion a t  the H e lm ic k H i l l  l oca l i ty has destroyed 
th e roots and severe l y  abraded most of the teeth . Weather i ng and l each i ng 
by groundwater have a l so contr i bu ted to tooth destruc tion . La tera l edges 
a nd crown po i n ts on mos t  teeth are smooth and rounded, and l a tera l den t ic l es 
have been broken off most of the odontasp ids . O n l y  by the shear abu ndance 
of teeth is i t  possi b l e  to fi nd a few spec im ens wh ich  sti l l  exh i b i t  morpho log i c  
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Centrophorus X 
Centroscym nus X 
Ech i norh inus X 
Ga l eocerdo X X X 
Gal eorh i nus X 
Heptranch ias  X 
Heterodontus X X 
Hexanchus X X 
l surus X X X X X X X 
lamna X X X X X X ? 
No torhynch us X X 
Odontaspis X X X X X X X X 
Pristi ophorus X X X X 
Scy l i orh i nus X 
S phyrna X 
Sqoa I us X X X X X X X 
Squat ina X X X X X X X 

Rays 
My l ioba tis X X X X X 
Raja X X X 
Rh inoptera X 

F igure 2 .  Ch ec k l ist of Tertiary E l asmobranch i i  from Oregon . 
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features su i tab l e  for descr i ption and ident if ication . U nfortunate ly ,  l ess 
frequen t ly  occurri ng forms are usua l l y qu i te abraded and c lassifi ca t ion be
yond th e generic l eve l  may be im possi b l e  for many . Th e probabi l ity  a l so 
ex ists that  these teeth were reworked from o lder under l yi ng sediments .  

E x p l a n a t i o n  o f  P l a t e  1 

1 .  Notorhynchus sp . Agass iz (Seven -gi l l ed Shark} ,  P i ttsburg 
Bluff Formation , O l igocene , lower l eft la tera l tooth . 
X 2 ,  PSU 1 3- 1 7 .  

2 .  H exanchus sp . Rafi nesque (S ix-g i l  l ed Shark} , Nye Muds tone,  
lower l a tera l  tooth . X 1 . 8 ,  Tay l or col l ec tion,  Port land,  
Oregon . 

3 .  Odontaspi s macrota Agassiz  (Sand Shar k) ,  Yamh i l l Forma tion ,  
second lower r igh t  an ter ior tooth; a . l i ngua l v iew ,  
b .  l a tera l v iew . X 1 . 5,  PSU 1 3-24 . 

4 .  Heterodontus S.f! B l a i nv. (Horn Shark) ,  l a tera l pavement teeth , 
a .  la teral view ,  b .  dorsa l v iew ,  both co l l ec ted from the 
Qu imper Sandstone, Wash i ngton; c .  dorsa l vi ew of tooth 
co l l ec ted from Spencer Forma tion , Oregon . X 2 .5 ,  PSU 
1 3-1 8 and PSU 1 3-1 9 .  

5 .  Squati na sp . Va lmont  (Angel Shark) , Nye Mudstone, 
a .  La tera l view 1 b .  labia l v iew . X 1 .  7, PSU 13-23 . 

6 .  Pr ist iophorus sp . Mu l l er and H en l e  (Saw Shark} , Pi ttsburg 
B l uff Formation ,  rostra l spi ne . X 1 . 7, PSU 1 3-22 . 

7 .  Squa lus  � L i nne (Dog -fish Shark) , Pi ttsburg B l uff Formation . 
X 4 . 2 , PSU 1 3-2 1 . 

8 .  My l i obati s  sp . Cuv i er (Eag l e  Ray} , Coa l edo Formation , pave
m ent  tooth, m ed ia l  row , a .  ven tra l vi ew show ing roots, 
b .  l a tera l v iew ,  c .  dorsa l v iew .  X 2 . 2 , PSU 1 3-20 . 
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G laucon i ti c  green sands of th e N estucca Format ion at To l edo y i e l d  
fa i r  to poor ly  preserved teeth o f  the Ma ko Shark lsurus, the Tiger Shark 
Ga l eocerdo , and what appears to be sma l l  tee th of the ska te Ra ja .  Mam 
ma l ion  bone fragm ents and te l eost rema ins  have a l so been found . 

A we l l -known Ter tiary cr i noid l oca l i ty at Mist, Oregon has contri b
u ted a number of  sma l l er sharks from sed imen ts of the Keesey Forma tion of 
l a te Eocene to ear ly  O l i gocene age . Aside from such forms as Squati na , 
Odon tasp i s ,  th e S even-g i l l ed Shark Notorhynchus,  and Centrophorus , a 
new spec ies of Seven -g i l l ed Shar k H eptranch ias is bei ng descri bed from th is 
l oca l i ty  by th e au thor . E l sewhere the Keasey sedim en ts have y ie l ded a 
l arge and we l l -preserved tooth of th e Wh i te Shark Carcharodon ,  Saw Shar k 
Pr i sti ophorus, and the Ma ko Shark l surus . 

Coqu i na -l i ke concretionary b iostrom es of c lasti c sh e l l  ma ter ia l  wh ich  
crop ou t a l ong roadcu ts in  the  lower sec tions of  the  Pi ttsburg B l uff Formation 
y i e l d  numerous teeth of a sma l l  squa l i d shark Centroscymnus a nd not uncom 
mon ly  teeth of Ra ja ,  Squa t i na ,  Odontaspi s ,  Squa lu s ,  Pr i s tiophorus (P l . 1 1  
6) , a nd Notorhynchus ( P l . 1 ,  1 ) . These genera , p l us severa l addi tiona l 
forms,  co l l ect ive l y  consti tute the most d iverse assem b lage yet know n from 
the m idd l e  O l i gocene of Oregon . 

Younger O l igo-Miocene sands of the Scappoose Formation , wh ich  con 
formab ly over l i es the P i ttsburg B l uff Formation , have produced te l eost teeth 
and a fragmen tary tooth crown  of Squati na . 

U nder ly ing the Astor ia  Formation at Newport and sou th toward Sea l  
Roc k are found sed imen ts o f  ear l y  Miocene age wh ich  are ass igned to th e  
N ye Muds tone . A S ix-g i l l ed Shark H exanchus ( P l . 1 ,  2) , Squa l us (Pl . 1 ,  
7) ,  Prist i ophorus , Sq uat ina (P l . 1 ,  5o , b) , Odontaspi s ,  and l surus are found . 
Th is  consti tutes th e on ly  assemb l age of ear l y  Miocene shar ks yet known from 
Oregon . 

The Miocene Astoria Forma tion has extensive exposure a l ong the Ore
gon coast north of N ewpor t, yet i t  has yi e l ded on l y  a few sharks teeth . Th i s  
i s  q u i te surpri s i ng i n  l i ght  of t he  great abu ndance of teeth fou nd i n  sedim ents 
of equ iva l ent  age from Ca l i fornia and the At lant ic  Coast of the Un i ted S ta tes . 
The assemb lage a t  th i s  t ime consists of the fo l l ow ing :  Carcharodon mega lodon ,  
Hexanchus,  My l i oba t is ,  l surus p lanus? , and Ga l eoc erdo cf.  a dunces . I n  
add i tion ,  Dr . E .  M.  Ba l dw i n  of the U n iversi ty o f  Oregon Department  o f  
Geo l ogy has i n  h i s  possession a l arge tooth be long i ng to a Ma ko Shark, 
l surus hasta l is .  Th is  tooth was co l l ec ted from sed imen ts which were dredged 
up i n  Coos Bay and presumab ly  are Miocene i n  age . Two Squa l us teeth have 
a l so been co l l ec ted from l a te M iocene sandstones immediate l y  sou th of Cape 
B lanco, Oregon . 

To my know l edge ,  teeth of sharks or rays have not yet been co l l ec ted 
from PI iocene or P l e i stocene sed iments in Oregon . Th i s  is not to say tha t  
they do  not exist  bu t  on l y  tha t very l i tt l e  a ttention ha s  been directed towards 
search i ng for shark teeth in these sedim en ts . 
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D i s c u s s i o n  

I t  i s  d i ffi cu l t  to i den t ify unassoc ia ted fossi l sharks tee th;  to do so 
req uires a thorough understand i ng of th e var iabi l i ty of tooth morphol ogy 
among spec ies of modern sharks and rays . Teeth may be i nd iv idua l l y exam 
i ned for the presence or absenc e of the fo l l ow i ng genera l fea tures: crown 
and root shape; posi t ion of nu tr i en t  cana ls ;  serra tions on th e crown and 
dentic l es; number of l a tera l den ti c l es; tooth s ize; and f l exures i n  the crown . 
Any num ber of these charac ter ist i cs may requ i re cr i ti ca l  exam i nat ion i n  
order t o  segrega te tee th o f  d i fferen t  spec i es .  

Var ia tions i n  tooth morpho logy may be observed w i th i n  th e j aws of 
a lmos t  any modern shark or ray . Teeth of a s i ng l e  spec i es may d i ffer i n  
the upper and l ower j aw or l a tera l l y i n  a s i ng l e  tooth row . Too th var ia
t ion  a l so occurs as a resu l t  o f  age  and sexua l d imorphism . I n  order to estab
l ish va l i d  taxa when working w i th unassoc ia ted foss i l teeth , it i s  necessary 
to construct  en ti re tooth sets wh ich  defi ne th e tota l range of var iat ion w i th i n  
the spec i es .  Th i s  techn ique has proven to b e  usefu l for th e i n terpreta tion of 
l arge faunas in Ca l i forn ia  and is presen t ly  be ing app l i ed to Oregon sharks 
and rays . 

Th e pauc i ty of som e of the faunas prev ious l y  descr i bed i s  for the most 
part apparent rath er than  rea l . I t  i s  due to th e nature and condi tions of 
depos i tion of the sediments and does not accurate l y  represen t th e charac
terist i cs of  the  ac tua l b iot ic  comm un i ty .  The phys ica l condi tions of sed i 
menta tion a nd b io log ica l l y  l i m i t i ng fac tors i n  the environment  d i rec t l y  
in f l uence the resu l tant  foss i l assem b lage . Where ac tive transport o r  ag i ta 
tion o f  sed imen ts occurs dur ing  depos i t ion,  organic  rema ins may b e  sub jec 
ted to severe abrasion ,  often resu l ti ng i n  the accum u l a tion o f  c l ast ic  she l l 
debr i s  and tota l destruction of a l l softer par ts . Sor t i ng of teeth may occur 
as a resu l t  of s trong c urrent action, and post-deposi t iona l  l each i ng by 
ground water can destroy tooth denti ne . The lat ter best describes the con
di t ions wh ich  must  have exis ted dur ing the formation of th e H e l m ic k  H i l l  
shark too th bed . On l y  rare ly  do Oregon l oca l i t ies yi e l d  non transported 
shark mater ia l .  H owever , exce l l ent  undis turbed faunas have been obta ined 
from a few ou tcrops of the Coa l edo,  N estucca , and Keasey Formations . 

S u m m a r y  

The purpose of th i s  paper i s  to g ive som e account of the foss i l shar k 
faunas of Oregon . Th i s  has been , a t  best, on ly i n troduc tory to the more 
than 5,  000 spec im ens now bei ng studied by the au thor . Many of th e genera 
are l i sted in F i gure 2, but spec ies determ i nations h ave not yet been com 
p l eted . In mos t i ns tances , more than  one spec i es ex is ts for each genus l i s ted . 
New ly deve loped loca l i ti es are cont inu i ng to yi e l d  more ma ter ia l ,  and i t  i s  
hoped that each of the faunas menti oned h erei n wi l l  be treated in fu l l  a t  a 
l a ter date . 
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O R EG O N  EOC E N E  D ECAPO D  C RUSTAC EA 

By  W .  N .  Or r  and M . A . Kooser 
Department of  Geo l ogy ,  Un i versi ty of Oregon 

I n t r o d u c t i o n 

AI though they are l oca l l y  ub iq u i tous ,  fossi I i zed crabs are se l dom common 
in the Tert iary fossi l record of the Pac i f i c  Northwest . L i terature on th i s  
i nvertebrate group for th e same area i s  l i m i ted t o  a few papers descr i b i ng 
i nd iv idua l  new speci es or fau na l  l i sts wh i ch i nc l ude  an occas iona l note on 
decapods . The most author i tati ve compend i u m  at presen t  on the foss i l c rabs 
of  the west coast w as produced by Mary J .  Rath bu n in 1 926 . 

The present  paper i s  to descr i be a part i cu l a r l y  we l l -preserved assem
b l age  of mi dd l e  Eocene crabs fou nd in assoc i at ion w i th a d i verse i nverte
brate commu n i ty in exposures of th e U mpqu a  Formati on in southwest Oregon . 

L o c a t i o n  

Co l l ect ions desc r i bed here were obta i ned from exposu res of th e U mp 
qua  Form,ti on i n  road cuts a l ong road 3406 adj acent to Snout  Creek i n  th e 
N t SW! sec . 9 ,  T .  34 S . ,  R . 1 1  W . , between 2 . 5  and 3 mi l es east of  
Agness , Oregon (fi g .  1 ) . Most of th e exposures a l ong th is  road w ere found  
to  be foss i l i ferous bu t th e best s i ng l e  loca l i ty (U . of 0 .  Loc a l i ty no . 2594) 
is 3 mi l es east of Agness i n  the cu t  on th e sou th s i de  of the road . Th ese sed 
i ments h ave been mapped and descr i bed by severa l au thors bu t u ndou bted l y 
the most recent and cont i nu i ng efforts i n  th e area are by Ba l dw i n  ( 1 96 1 , 
1 963,  1 964, 1 965) . Accord i ng to th at author [( 1 965) and ora l commu n i ca
t ion] , sed i ments i n  th e area under study a re  from an i n terva l  i n  the upper 
h a l f  of th e Umpqua  Formati on . Loca l l y  the sed iments a l ong S nout  Creek d i p  
gent l y  to the west a n d  are part o f  a sync l i ne p l ung ing  t o  th e north east . Th e 
Umpqua  Formation i n  the i mmed i ate v i c i n i ty consi sts of b l ack  to grey c a l car
eous s i l tstones th at weather ye l l ow and tan u pon oxi dat ion  of  the i ron  con
tent . Wi th i n  th e s i l tstone ,  c a l c areous concret ions from 1 e m  up to 1 0 em 
a re  common and i t  i s  i n  th ese concret ions th at th e best preserved i nvertebrate 
speci mens are to be found . Ca l c i te-fi l l ed fractures and sma l l -sc a l e  s l i c ken 
s ides w i th i n  the si l tstone suggest consi derab l e  movement and deformat ion of  
the sed iments after conso l i dati on . 
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R I I W  

F igu re 1 .  Geo l og i c  sketch map show i ng locat ion of Un i v .  of Oreg . Mu s .  
o f  Nat . H is t . Loca l i t i es 2592, 2593 ,  2594 . Geo l ogy from Ba l dw i n  
[(1 965) and ora l commun i cat ion] . 
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F o s s i l A s s e m b l a g e  

Crabs 

Fossi l i zed crabs from these sedi men ts are ass igned to three genera and 
spec i es i n c l u di ng Rani noi des wash burnei  Rath bun , P l ag i o l ophus weaveri 
Rath bu n and Cancer sp . Th e l atter spec i es is i ndeterm i nant and may be a 
new ,  as yet u nnamed taxon . 

By far the commonest spec i es of crab recovered at any of th e co l l ec t
i ng si tes was P l ag i o l oph us weaver i . (fi gure 5A- I) Th i s  s pec i es i s  character 
i zed by th ree prom i nent  spi nes on the anter i or per i ph ery of the carapace and 
the l arge forward proj ec t i ng orbi ts . Many of th e l i v i ng Pac i f i c  Coast c rabs 
re l ated to th i s  spec i es (fami l y  Gonep l aci dae) are burrow i ng types fou nd i n  
the mud f l ats of sh a l l ow bays and i n l ets . More th an fi fty comp l ete carapaces 
of P .  w eaveri were recovered as we l l as severa l fragmen ts suffi c i e nt l y  l arge 
forTdenti fi cati on . Th i s  moderate nu mber of who l e  spec i mens perm i ts a s im
p l e  ana l ys i s  of growth i n  th i s  spec i es by  p l otti ng th e w id th of the carapace 
agai nst th e l ength (fig . 2) . Wi th th i s  type of graph i c  presentat ion , we are 
ab l e to see that th e ratio of w id th to l ength in the sma l l est i nd i v i dua l s  is 
very near one to one . Young adu l t  spec i mens h ave a ratio of fou r  to th ree 
whereas in mature adu l ts the ratio i s  arou nd th ree to two . A g row th pattern 
of  this type where the w i dth i nc reases at a more rap id  rate th an th e l ength is 
not uncommon in decapods and is an express ion of th e rap id  expansi on of  the 
branch i a l  areas enc los i ng th e g i l l s w i th i n  th e l atera l  port ions of th e carapace . 
Ma l es may be d i st i ngu ished from fema l es i n  th i s  spec i es by the s l i gh t l y  w ider 
abdomena l segmen ts in fema l es (fig . 5 E  & 5F) . Th e observed rat io  of ma l es 
to fema l es i n  th e P .  weaveri  popu l at ion was arou nd fou r to one . P l ag i o l o 
phu s  weaveri h as been reported by  Rath bun ( 1 926) from severa l Eocene l o 
ca l i t i es i n  Ca l i forn i a .  Many of th e spec i mens of P .  weaveri  represented i n  
th i s  study were comp l ete art i cu l ated spec i mens . T h i s  w as parti c u l ar l y  tru e 
of spec imens preserved i n  conc ret ions . The  freguency of who l e  spec i mens 
h ere suggests th at these organ i sms were bur i ed in a gu ie t  or l ow -energy en 
v i ronment  i n  th e Eocene ocean . Another  exp l anat ion for th e i r  ou tstand i ng 
preservat ion as foss i l s  m igh t  l i e i n  the i r  hab i tat as borrow i ng organ isms . 

Somewhat  l ess common at th ese l oca l i t i es was the spec i es Rani noi des 
washburne i  Rath bu n (fi g . 4 D ,  E ,  G) . T h i s  spec i es be longs to  a fam i ly 
(Ran i n i dae) of c rabs th at once l i ved a l ong th e north Pac i fi c  Coast . At pres 
ent th ey are more representat ive o f  tropi ca l  to subtrop i ca l  waters from Mex
i co to Panama (Rath bu n 1 926) . Al though no art i c u l ated spec imens of R .  
washbutne i  were recovered , we  were fortu nate enough to extract a sm-;n 

spec i men on wh i ch th e sternum p l ates are d i sp l ayed (fi g . 3C , 4F) . R .  wash -
burnei  i s  ch aracter ized by the coarse punctat ions on th e carapace ,  th e ou t
ward P• vj ect i ng l ater a l  sp ine  off th e ovate c arapace and th e broad b i sp i nous 
outer orb i ta l  sp i ne . Spec i mens of Ran i no ides wash burne i  h ave been reported 
(Rath bun 1 926) from 0 l i gocene sed i ments near Eugen e ,  Oregon as we l l  as 
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from m idd l e  Eocene sedi ments exposed i n  Doug l as Coun ty ,  Oregon .  
The fi na l  decapod spec i es recovered from th e sou thwest Oregon l oca l 

i ty has been ass igned to the genus Cancer because of su be l l ip t ic a l  carapace 
ou t l i n e ,  sma l l  orbi ts and the rows of f ive tooth - l i ke sp i nes on  the an ter i or 
l atera l marg i ns (fi g . 4H , 1 ) .  O n l y  a very few spec i mens ass ignab l e  to th i s  
taxon were recovered and most were fragments . T h e  d i ffi cu l ty of  assi g n i ng 
even who l e  spec i mens to a recogn i zed spec i es ,  however , suggests that th ey 
may be l ong to a new spec ies . The genus Cancer is common l y  represented by 
severa l spec i es i n  th e Tert i ary foss i l record of  the Pac i fi c  Northwest ( Nat ions  
1 969) and is known  from roc ks dat i ng from th e Pa l eoc ene to th e H o l ocene . 
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I 0 rn rn .  

F igure 3 .  Reconstruct ion  o f  P l ag io lophus weaver i Rath bu n 
(3A) and Ran i no i des wash burnei  Rath bun (3B) , S ternum 
of Ran ino i des wash burne i  Rath bun (fi rst and second 
segments and episternum) (3C) . Detai I s  of reconstruc ted 
l egs h ere as we l l as those on figure 2 are not prec ise 
(parti c u l ar l y  those of R .  washbu rne i )  and are pr imar i l y  
to show the proport ionsof the carapace w i th respect to 
the ent i re  body . 

Ech i noderms 

S evera l  spec i mens of i rregu l ar ech i no ids were recovered at the l oca l i 
t ies . Most o f  th e spec i mens were sma l l (2 e m  d i a . o r  l ess) and were consi d
erab ly  d i s torted . Th e spec i mens are ch arac ter i zed by we l l-defi ned,  depressed 
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S P E C I E S L I S T 

MO L LUSCA 

Pel ecypods 

Ac i Ia dec i sa (Conrad) 

Anomia mcgon i g l ens i s  H anna 

Crassate l l  a cf .  uvasana mathewson i  (Gabb) 

G l yc i mer i s  fresnoensis  D i ckerson 

Nucu l ana gabbi (Gabb) 

Ostrea sp . 

So l ena (Eoso l en) c f .  coosensis  Turner 

Te l l i na  so l edadens i s  H anna 

Gastropods 

Fus i nus merri ami  D ic kerson 

Homa lopoma wattsi (D ickerson) 

Mi tra cretacea G abb 

O l i ve l l a  math ewson i  u mpq uaens i s  Turner 

S i phona l i a  cf . b icari nata D i c kerson 

Turr i te l l a  buw a l dana coosensis  Merr iam 

Vo l u tocorbis oregonensis  Turner 

Scaphopads 

Denta l  ina s p .  

FORAM I N I F E RA 

Bathys iphon eoceni  ca Cushman & Hanna 

Denta l i na jacksonens i s  (Cushman & App l i n) 

Hap laphragmoi des cf .  sc i tu l u m  (Brady) 

Hap laphragmoi des ob l i qu icameratus Marks 

Hap laph ragmoides sp . 

Lenticu l i na  sp .  

Lenticu l i na theta Co l e  

Margi nu l i na subbu l ata H an tken 
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N odosar i a  pyru l a  D ' Orbigny 

Pseudog l andu l i na ovata Cush man  & Appl i n  

Rh abdammina eocen ica  Cush man & Hanna 

Robu l u s  a l ato- l i mbatus Gumbel  

Spirap l ectammi na r i chardi Mart i n  

Textu la r ia  sp . 

Trochammina sp . 



E X P LANAT I O N  F O R  F I G U RES 4 AN D 5 

F igu re 4 .  A, B ,  C ,  Che l a  and l eg segments of P l ag i o l oph us  weaveri  Rath bu n  
A U n i vers i ty of O regon Museu m of N atural H i s tory hypotype No . 28220 

Length 25 mm Loc . N o .  2594 
B U . O . M . N . H .  No . 28221 Length 23 mm Loc . No . 2594 
C U . O . M .  N . H .  No . 28222 Length 25 mm Loc . No . 2594 

D ,  E ,  G ,  Ran i no ides wash burne i  Rath bu n ,  carapaces 
D U . O . M . N . H .  No . 28223 Length 33 mm Loc . No . 2594 
E U . O . M . N . H .  No . 29224 Length 36 mm Loc . No . 2594 
G U . 0 . M .  N . H . No . 29225 Length 22 mm Loc . No . 2594 

F Rani noides w ash burne i  Rath bu n ,  sternum (first and second segmen ts 
and episternum) U . O . M . N . H .  No . 28 226 Length 1 9  mm Loc . No . 
2594 

H ,  I Cancer sp . ventra l  (H) and dorsa l  (I) vi ews of ma l e c arapace 
U . O . M . N . H .  No . 28227 Length 26 mm Loc . No . 2594 

F igure 5 .  A l l speci mens P l ag io l ophus w eaveri Rath bun 
A Juven i l e ,  dorsa l vi ew of carapace U . O . M . N . H .  No . 28228 Length 

1 0 mm Loc . No . 2594 
B Abdomen of sma l l  ma l e U . O . M . N . H .  No . 28229 Wid th 1 5 mm Loc . 

No . 2594 
C You ng adu l t ,  dorsa l  v i ew of carapace U . O . M . N . H .  No . 28230 

Wid th 1 4  mm Loc . No . 2594 
D Mature adu I t ,  dorsa l  v iew of c arapace U . 0 .  M .  N . H , No . 2823 1 

Width 24 mm Loc . No . 2594 
F Mature ma l e ,  ventra l  vi ew of c arapac e U . 0 .  M .  N . H .  No . 28232 

Width 28 mm Loc . No . 2594 
E , G Posterior and dorsa l v i ews  of carapace of a mature fema l e  U . 0  . M . N  . H .  

No . 28233 Width 25 mm Loc . No . 2594 
H Mature adu l t , dorsa l  v iew of carapace U . O . M . N . H .  No . 28234 

Wid th 28 mm Loc . No . 2594 
Adu l t  ma l e  ventra l  v iew of carapace U . O . M . N . H . No . 28235 
Width 20 mm Loc . No . 2594 
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ambu l acra l areas d i vi ded by sh arp r idges . Because of th e d i stort ion  i t  was 
not possi b l e  to i mmed i ate l y  i den t i fy th ese organ isms . Ech i no id  sp i nes from 
both sand do l i ar  and u rch i n  types of ech i no i ds were among the more common 
components o f  th e b iogeneous  por t ion  of the sed i ments . 

Mo l l u scs 

Associ ated w i th the decapods at every l oca l i ty was a d i verse and 
we l l -preserved mo l l uscan fau na . The  fauna i s  made u p  of near l y  equ a l  nu m 
bers of gastropods and pe l ecypods and a very few , sma l l scaphopod spec i mens 
(see spec i es l i st) . A l l of th e mo l l uscan spec i es i dent i fi ed have been pre 
v iou s l y  reported from Eoc ene rocks by Turner  ( 1 938) and Thoms ( 1 964) .  U pon 
i n i t i a l  exami nat ion it was not i ced that a l most every mo l l uscan spec i men re
covered was remarkab l y  sma l l .  As a worki ng hypoth esi s ,  th e  poss i bi l i ty th at 
we were co l l ec t i ng a dwarf or depauperate fau na was cons i dered . After some 
t ime was spent  prepar i ng the fau na ,  h owever , th e l arge nu m ber of broken 
fragments of l arger pe l ecypods and gastropods l ed us to the conc l us i on  that 
th e " dwarf ism " ph enomena was l a rge l y  a post-conso l i dat ion deformat ion  pro
due t . Larger spec i mens of  mo I I  uses may then  h ave been more easi I y frag 
men ted than the sma l l er ,  compac t ,  geometr i ca l l y  competent spec i mens . I t  
i s  poss i b l e  that th i s  ph enomena may h ave h a d  a s im i l ar effect  o n  th e decapods . 

Protozoa 

The protozoa are represen ted i n  th e U mpq ua sed i ments h ere by severa l 
spec ies and most spec i mens are we l l  preserved . I n  add i t i on  to th e sma l l er 
c a l c areous and arenaceous forami n i fera ( l i s t  be l ow) , severa l perfect spec i 
mens o f  th e l arger foram i n i fera Pseudoph rag m i na  psi l a  Woodr i ng were recov
ered . Th i s  spec i es has been reported by Thoms ( 1 964) in both of  h i s  " Upper " 
and " Lower " Umpqua  members . Desp i te th e fact that severa l  spec ies of  
sma l l e r  foram i n i fera were i dent i fi ed i t  i s  d i ff icu l t  to ass i gn  a defi n i t i ve 
corre l at ion  for the sedi ments oth er than m idd l e  Eoc ene . Most of the ca l 
careous spec i es are of the fami l y  Lagen i dae wh ereas the remai nder are char
acter ized by an arenaceous test . The l atter group i s  abu ndant even today in  
sha l l ow bays and estuar i es . The  apparen t lack of oth er fami l i es o f  foram i n i 
fera , part i cu l ar l y  th e p l ankton i c  G l ob i ger i n i dae , fu rth er i mp l i es (bu t  does 
not necessar i l y  confi rm) a sh a l l ow-water or i g i n  for th e sed i men ts and fau nas 
u nder cons iderat ion h ere . L i ke many sh a l l ow -water forms , th e foram i n i fera 
l i sted here tend to be strat igraph i ca l l y  l ong rang i ng . Th i s  may be due to a 
true l ongevi ty of th e spec i es i nvo l ved or to th e l a ck  o f  su ffi c i ent  d i s t i ngu i s h
ab l e morpho l ogy on th e i r  re l at ive l y  s i mp l e  tests maki ng th em d i ffi cu l t  to 
subd i v i de i n to evo l u t i onary ser i es . Most of th ese spec i es range through 
severa l Eocene foram i n i fera l stages (Mal l ory 1 959) and it i s  i mposs i b l e  to 
restr i c t  th e fau na  to a shorter i n terva l th an th e U l at i s i an  to Bu l i t i an stages . 
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Th e  prese nce of H ap l oph rag mo ides ob l i q u i cameratus Marks suggests th e 
Nar i s i an  stag e ,  as i t  i s  know n  on l y from th at stage i n  Ca l i forn i a  (Ma l l ory 
1 959) . Th oms ( 1 964) , however , h as i nd i cated th at th i s  spec i es probab l y  
has a l onger strati g raph i c  range i n  Oregon than i n  Ca l i forn i a o n  th e basis 
of  h i s study of U m pqua  b iostrati graphy . Thoms ( 1 965) fu r the r  corre l ates 
sedi ments fro m what i s  apparen t l y  th e same stra t ig raph i c  i n terva l  w i th the 
l ate U l at i s i an  to l a te Penu t i an  stages of Ma l l ory ( 1 959) . S trat igraph i c  ev i 
dence presented by Ba l dw i n  [(1 965) and ora l commu n i cat ion] l arge l y  corrob
ora tes Thoms '  ( 1 964) corre l at ion . 
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R E PR I NTED FROM 
The  ORE  B I N  
Vo l ume 34, no . 7 ,  p .  1 1 3- 1 1 9 
J u l y  1 972 

T H E  TRACE FOS S I L  T I SOA I N  WASH I N GTON AND OREGON 

Robert W .  Frey* and J ohn G .  Cow l es** 

I n t r o d u c t i o n  

R ecent ly  we descr i bed and i nterpreted some spec imens of the trace fossi I 
T isoa from th e Tertiary of Wash i ngton (Frey and Cow l es ,  1 969) , the f i rst 
reported occurrence of th i s  fossi l burrow in North Amer ica . Spec imens were 
col l ec ted near Meg l er ,  Wash ington , a l ong a b luff fac i ng th e Columbia R iver 
(F i gure 1 ) ; the foss i ls weath ered out of the L i nco ln  Creek Formation . D i s
t inct  vari ations i n  trace fossi I morpho l ogy were observed ,  represent ing 
d i fferences i n  behavior of th e an ima l s  responsi b le  for the burrows . 

F igure 1 .  The  Meg ler loca l i ty ,  Pac if ic  County, Wash i ngton . 
(O n Col u mbia R iver,  approximate l y  400 feet east of boundary 
between sections 8 and 9 ,  T .  9 N . ,  R .  9 W . )  

* U niversi ty o f  Georg ia  Departmen t o f  Geo l ogy , Athens 30601 
** Route 1 ,  Box 96 , Ra i n ier ,  Oregon 97048 
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T isoa h as s i nce  been i den t i f i ed at var ious other p l aces i n  Wash i ng ton , 
but  unt i  I very recen t l y  a l l of our attempts to l oca te speci mens i n  Oregon 
oppos i te the Meg l er l oca l i ty had fa i l ed .  The foss i l i s  now known from the 
Astor ia  Format ion {ear l y  Miocene) . 

Consi der i ng the poten t i a l  envi ronmenta l , pa l eoeco log ica l , and pa l e 
onto log i ca l  s ign i fi cance o f  trace foss i l s  genera l l y (F rey ,  1 970, 1 97 1 ) ,  fur 
ther searches shou l d  be u ndertaken i n  Oregon and Wash i ng ton , a i med a t  
document i ng var ia t ions i n , and th e s trat i graph i c  and fac ies d i str i bu t ions of , 
th i s  fossi I bu rrow . 

C h a r a c t e r i s t i c s o f  T i s o a  

Meg l er spec i mens of T i seo typ i ca l l y cons i st of two para l l e l  tubes con 
tai ned w i t h i n  e l ongate c a l careous concret ions (F igure  2A , B) , wh i ch are 
thus very s im i  l or  to spec i mens reported from oth er cou ntr i es (Hantzsche l , 1 962 , 
F igure 1 37 .4;  1 965) . The  concret ions co l l ec ted by us are of assorted s i zes 
but are i nvar i ab l y  l ess than 1 5  em in l ength and 7 em in d iameter . The  
enc l osed tubes a re  genera l l y 1 to  1 . 4 em i n  d iameter , and  they ru n t he  fu l l  
l ength of the host concret ion ;  d i stances between ad j acent tubes range from 
2 . 5  to 7 mm (Frey and Cow l es ,  1 969, F i gure 1 ) . I nd i vi dua l tu bes are com 
mon l y  l i ned w i th d i agenet ic  pyr i te ,  and th e pa i r s  o f  tubes may a l so b e  
enc i rc l ed b y  a th i n  l ayer o f  pyr i te (F igure  3C , D) . These tu bes , evi den t l y  
remai n i ng open for a t ime dur i ng deposi t ion  o f  Li nco l n  Creek sedi ments , 
were even tua l l y fi l l ed w i th a var i e ty of detr i t a l  and d iagenet i c  m i nera l s .  

Actua l l y ,  rare spec i mens from Meg l er show that th e " norma l " tw i n  
tubes are i n  rea l i ty fragments o f  the u pper part o f  a s i ng l e  U -sh aped tube 
( F igure 3A) , conce iva b l y  as much as a meter in or i g i n a l  l ength (Hantzsche l , 
1 962,  p .  W2 1 8) . U -shaped fragments are l ess common now than " norma l "  
spec i mens because ( 1 )  th e break-u p  of the or i g i na l  structure produced more 
fragments of the upper par t than of th e basa l part ( F igure 4C ) ,  and (2) the 
basa l part may have been l ess we l l construc ted by the burrow i ng an ima l 
or i g i na l l y (Frey and Cow l es ,  1 969, p .  1 9) .  

Rare Meg l er spec i mens a l so show that th e tu bes are not i nvari ab l y 
stra igh t  (F igure 4A) and that the tw i n  tu bes may branch i n to add i t iona l pai rs  
of tubes ( F igure 4B) . Furthermore , s i ng l e -tu be var i e t ies of T i seo are fa i r l y  
common a t  th is  l oca l i ty ( F i gure 2C ); a l though these are i dent i ca l t o  " norma l "  
spec imens i n  a l l  other respec ts , no evi dence for a n  or ig i na l second tu be has 
been observed . 

Pecu l i ar l y ,  many of the t i soans observed at var i ous p l aces i n  Wash 
i ngton , other than Meg l er ,  consist predominan t ly  of the s i ng l e -tu be var i ety, 
a nd at some l oca l i t i es th e " norma l " tw i n  tu bes are apparen t l y  very rare .  
We l don W .  Rau ( 1 968 , persona l commun i cat ion )  wrote u s  that:  

"A l though we frequen t l y  f ind concretions w i th a s i ng l e  tube 
of some sort in the m idd l e ,  I do not reca l l  ever see ing  any 
l i ke your spec i mens w i th the doub l e  tu be . T hose I have 
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enclosed (by moil) ore not particularly good specimens but 
ore a somp!e from outcrops where I sow hundreds and pos
sibly thousands. They were a l l  oriented with the long axis 
normal to bedding. They range from a few inches up to 
possibly 8 inches in  length . They a l l  seem to hove evidence 
of a crude tube through the middle . "  

2 em 
c 

Figure 2 .  Tisoons from Megler. A, B .  Typical double-tube specimens. 
C .  Typical single-tube spec imen. D .  Bivolve lucinomo cf. l .  
ocutilineoto (Conrad) embedded in  tisoon concretion. E .  Fish Tin 
on side of tisoon concretion . 
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Figure .3. Tisoons from Megler. A. Longitudinal section through U-shoped 
tube (outlined in ink}.  B. Longitudinal v iew of tube fragment, mostly 
weathered out of its concretion, showing scratch marks. C .  Transverse 
view of tisoan having pyrite concentrations around tubes and circumfer
ence of concretion. D .  T ronsverse section through concretion contain
ing three pairs of tubes, each lined with pyrite (cf. Figure 4B). 

The morphological variations and interrelationships among local and 
regional assemblages of Tiseo thus clearly need additional study. Such work 
may eventually show that the genus is too broadly conceived and that it 
could realistically be split into two genera, al though we would certainly 
discourage taxonomic splitting if possible (see Frey, 1 97 1 ,  p. 103-104). 

I n t e r p r e t a t i o n  of T i s e o  

The wall l inings seen i n  many tisoon tubes suggest that the burrowing 
animal reinforced its domicile with organic secretions, which later reacted 
biogeochemicolly and thus helped concentrate secondary minerals such as 
pyrite (see Frey, 1971 , p .  1 01 -1 02). These al terations and the formation 
of enveloping concretions took place early in diagenesis, as suggested by o 
nearly intact fish fin and o closely articulated clam found embedded in 
tisoon concretions (Figure 2 D, E); otherwise, bioturbation and other sedi
mentary and diagenetic processes probably would hove disarticulated and 
scattered these fossi I remains. 

On the basis of morphology, requisite behavior, and the presence of 
small scratch marks on certain burrow walls (Figure 3B}, we interpret Tiseo 
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F igu re 4 .  Reconstruct ions of Meg l er ti soans . A .  Spi ra l ed tu bes . 
B .  Branched tubes (c f .  F i gure 3D) . C .  Hypotheti c a l  spec i men 
i l l ustrat i ng how severa l  short , dou b l e -tu be tisoans may be der 
ived from a s i ng l e  long , U -shaped tube . 

as the dwe l l i ng bu rrow of a shr imp- or amph i pod- l i ke ar thropod (F rey and 
Cow les ,  1 969,  p .  20) . None of  our  burrow spec i mens con ta i n  arthropod 
rema in s ,  and v i r tu a l l y  none of the foss i l  ar thropods reported by Weaver 
( 1 942) are l i ke l y  candi da tes; yet arthropod rema in s  are rar e l y  fou nd even i n  
w e l l -documen ted Ho l ocene a n d  foss i l ar thropod bu rrows (Brom l ey ,  1 967, 
p . 1 70- 1 72) . 

A poss i b l e  except ion among i nvertebrates repor ted by Weaver are such  
decapods a s  Ca l l ianassa knapptonens is  (Rathbun ,  1 926 , p .  1 1 2 - 1 1 3 , P l . 38 , 
F i gure 4) , co l l ec ted from the 6 1  igocene near Meg l er .  By ana l ogy wi th the 
Ho locene shr imp C. ca l i forn iens i s  (Warme , 1 967) , C. knapptonens is  conce i v
ab l y  cou l d  have construc ted ti soan burrows hav i ng Smooth exter iors , rather 
than th e more popu l ar l y  known knobby exter iors of H o l ocene S major bur
rows and Oph iomorpha (Wei mer and H oyt , 1 964) . Ca l l i anassa ca l i forn i ens i s  
does not ,  of cou rse , make U -shaped burrows h avi ng c lose l y  oppressed l i mbs , 
bu t certa i n  other features of th e burrow are somewhat comparab l e . 

Overa l l , the burrow i ng h ab i ts ref l ected by Meg l er t i soans are more 
I i ke that of the H o l ocene amph i pod Coroph i u m  vo l u ta tor (see Hantzsche l , 
1 939) , a l though the t i soan organ i sm must have been substan ti a l ly l arger i n  
s ize . 

1 70 



D i s t r i b u t i o n  o f  T i s o a  

T i soa was prev ious l y  known on l y  from fore ign l oca l i t i es ,  i n c l u d i ng  the 
O l i gocene of Tun i s i a ,  Cretaceous of R uss ia , and Ju rass i c  of France and  
Madagascar (Hantzsc he l , 1 962,  p .  W 2 1 8 ) .  H artmut U .  Wi edemann ( 1 970, 
persona l commu n i cation) i nformed us tha t  h e  has a l so observed th e trace fos 
s i l i n  J urass i c  mar l s  near Aa l e n ,  Wurttenberg , Germa ny . S pec i mens from 
a l l  of these l oca l i t i es cons i s t  predom inan t l y  of the tw i n-tube var i e ty . 

We have c o l l ec ted addi t i ona l spec i mens sou theast of Meg l er ,  espe
c ia l l y on the  western s l ope of K M Moun ta i n ,  ha l f  a mi l e  or more be l ow the 
summ i t ,  a l ong U . S .  H i ghway 1 0 1 .  We l don W .  Rau ( 1 968 ,  1 97 1 , persona l 
commu n i cat ions) notes hav i ng seen T i soa - l i ke concret ions i n  severa l oth er 
p l aces ,  i n c l ud i ng the struc tu res ment ioned i n  h i s  report on th e Qu i nau l t  
Formation (Rau , 1 970, p . 1 0) .  We examined a few of h i s spec imens and  
fou nd them extreme l y  s im i l ar to  those from Meg l er .  S pec i mens from a l l of  
these l oca l i t i es cons i s t  most l y  (or  perhaps wh o l l y) of the si ng l e-tu be var i ety 
however . 

I n  contras t ,  we have not persona l l y located any u nequ ivoca l t i soans 
i n  Oregon . On th e Oregon s i de of th e C o l u mb i a  we co l l ec ted c erta i n  of 
the foss i l s and other concret ions assoc i ated w i th T i soa at  Meg l er but no 
unmis taka b l e  evi denc e of T i soa i tse l f .  Recent l y ,  however , Sam Boggs of 
the U n i vers i ty of Oregon i n formed u s  ( 1 971 , persona l commun i ca t i on)  that 
he  h as co l l ec ted a few spec i mens from an  area a l ong Youngs R i ver near 
Astor ia ;  we exami ned some of these spec i mens (from the Astor i a  F ormat ion) 
and i ndeed found  them to be si ng l e - and dou b l e -tube var i et ies of T i soa , 
the l at ter be i ng rare . 

--

We strong l y  suspec t that cont i nued search i ng w i l l  eventu a l l y  y i e l d  
many add i t iona l spec i mens from Oregon , wh ich  w i l l  h e l p  esta b l i sh  fu rther 
the morpho l og i ca l var ia t ion and overa l l  d i s tr i but ion  of  th is  trace foss i l i n  
the Pac i fi c  Northwest . 

C o n c l u s i o n s  

Add i t i ona l observat ions  on  the morpho logy and d is t r ibut ion of T isoa 
are needed . Pr i mary cons iderat ion shou l d  be g i ven to the docu mentat ion 
of  behaviora l , b iostratigraph i c ,  and  fac i es r e l at ionsh i ps of the d i fferent 
var i et i es of  th i s  trace foss i l i n  Oregon an d Wash i ngton . O n ly wi th th is  ki nd  
of  i nformation a t  hand can the fu l l  pa l eonto l og i c a l  and envi ronmenta l s i g 
n i f icance o f  T i soa be eva l ua ted . 
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R E PR I N T ED FROM 
The ORE B I N 
Vo l ume 35, no . 8 , p .  1 25- 1 34 
August 1 973 

F OSS IL  B I GH OR N  SH E E P  FR OM LAKE C O U NTY,  OR EG O N  

R i chard E .  Thoms* and Haro l d C ram er S m i th * *  

I n  th e fi rst week of  Oc tober , 1 972 , Roy Co l l i er , a bu l l dozer opera tor for 
th e MC ranch at Ade l , Oregon ,  bu l l dozed u p  a sku l l  from th e gravel s near 
th e mou th of Twentym i l e  Creek . Th e l oca l i ty i s  in the South Warner Va l l ey ,  
l a ke County,  Oregon , i n  th e NW� , sec . 1 9 , T .  40 S . ,  R .  24 E . ,  W .  B .  
& M .  Subsequen t  exam i na t ion of th e s ku l l i nd i ca ted tha t  i t  represents a 
spec imen  of Ov i s  ca tc l awensi s H i bbard and Wr igh t ,  an ext i n c t  P I  e i stocene 
spec i es of b ighorn sheep known  on I y from the Grea t  Bas i n . A " battered 
cobb l e "  of basal t ,  poss i bl y  represent ing  h uman occ u pa t ion of  th e s tream 
ba nk  or i ts v i c i n i ty,  was found in assoc ia t ion w i th the sku l l .  

P r e v i o u s S t u d i e s o n F o s s i I a n d l i v i n g B i g h o r  n .  S h e e p 
F r o m  N o r t h  Am e r i c a  

For a thorough treatment  of  the var ious stud i es w h i c h  have  been made 
on th e descr i p t ions ,  d i s tr i bu t i ona l  pa tterns , and evo l u t ion  of foss i l  and 
recent  b ighorn  sh eep i n  North Am er ica , th e reader i s  referred to th e paper 
by S tokes a nd Cond i e  ( 1 96 1 ) . The fol l ow i ng sec t i on , a rev i ew of the h i s
tor i ca l  record of b ighorn  sheep in the Oregon country,  is offered for the 
reader to better understand th e rugged a nd l im i ted cond i t i ons under w h i c h  
t h e  m odern ana l og o f  O v i s  ca tc l awens i s  now surv ives i n  a por t ion of th e 
Grea t  Bas i n . 

--

H i s t o r i c a l  R e c o r d  o f  B i g h o r n  S h e e p  ( O v i s  c a n a d e n s i s )  
i n  t h e  O r e g o n  C o u n t r y  __ _ 

The  s tory of the  dec l i ne of b ighorn  sheep i n  Oregon para l l e l s  t he  
dec l i ne of oth er w i l derness spec i es tha t  cou l d  not compete w i th the com
i ng of th e wh i te man and h i s  " c i v i l i za t i on . "  

*Cha i rman and Assoc ia te  Professor of G eo l ogy ,  Departmen t  of Earth 
S c i ences ,  Port l a nd S ta te U n i vers i ty 

* *W i I d l  i fe ar t i st , I n form at ion and Educat ion  Departm en t ,  State of Oregon 
Gam e Comm iss i on 
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The  b ighorn  i s  str i c t l y a w i l derness an ima l , i n to! eran t  of h eavy h yn t
i ng a nd com pet i t i on wi th dom est i c l i vestoc k, e l k ,  and deer . At one tim e  
m uch  more numerous tha n  today ,  b ighor n  sheep were w idespread over th e 
West wherever rugged terra i n  prov ided desired hab i ta t . As the wh i te man  
turned l i vestoc k onto  accessi b l e ranges and extensive l y h u n ted the  b ighorns , 
th ey retrea ted to the  most i naccessi b l e ,  w i l dest , a nd h i ghes t  pea ks of th e 
Roc k ies and to the deserts of the Sou thwest . A l l th i s  happened q u i c kl y  i n  
th e I a s t  ha l f  of the 1 800 ' s . 

D i str i bu t ion  i n  North Amer i ca 

Two d i s t i nc t  spec i es of w i l d  mou n ta i n  sheep evo l ved i n  North Amer i ca 
s i nce  P l e i stocene tim es ,  a ccord i n g  to Cowan ( 1 940) . They are  th e th i nhorn 
sh eep (Ov i s  da l l i ) w i th three races or subspec i es ,  and the bighorn sheep 
(Ov i s  c�� wi th  f ive races . 

D i s tr i bu t ion i n  Oregon 

Two types of b ighorns  were or i g i na l l y  na t ive  to Oregon: the Ca l i for
n i a  b i gh orn (a l so ca l l ed the r imroc k or l ava beds b i ghorn) , a nd th e R oc ky 
Mounta i n  b ighorn . B ighorns genera l l y  have m ore mass ive , c l ose , h eav ier  
horns than do the northern th i nhorns , w i th usua l l y  b l u n t ,  broomed t i ps as 
com pared to th e sharper , w ider spread poi n t  of  the  Da l l  and S tone sheep . 
The Roc ky Mou nta i n  b ighor n ,  " Emah-k i -k i n i " of th e B l a c kfeet I nd ian s ,  
he ld  to  the re l at ivel y sma l l a rea of the north east corner of th e s ta te ,  i nc l ud
i ng th e Wa l l owas and pa rt  of the B l ue  Mounta i ns . O l d t imers reported th e 
Rocky Moun ta i n  b ighorn as far south as the S traw berry Mounta i n s  i n  Gran t  
County a nd over t o  the h i g h  brea ks a l ong the S na ke R iver Ca nyon . U . S . 
Forest Se rv i ce  reports i nd i ca te a rem na n t  of these sheep as l a te as 1 933 i n  
t h e  h i gh Wa l l owas . 

The  Ca l i forn ia b ighorn  ( " Tsnoon"  of th e Warm S pri ngs I nd ian s ,  a nd 
" Ouo ipa "  of  th e P i u tes) ranged from th e Cascades east th roug h  centra l  and 
south eastern Oregon . Ear l y exp l orers such as Peter S kene Ogden gave 
accounts of the l ava beds sheep near th e Deschu tes R iver i n  the area sou th 
of The Da l l es ,  w h i c h  i s  s t i l l  know n  as the "Mutton Mou nta i ns . "  From 
l oca l es such �s th i s ,  th e sheep ranged eastward through H art Mounta i n  and 
the  S teens Mou nta i ns to Idaho and Nevada . One au then t i c  report pl a ces 
these sheep as far sou thwest as the  S i ski you Moun ta i ns a l o ng the Ca l i forn ia
Oregon border . 

S urv i va l  

S evera l theor i es a re advanced a s  to the ca use o f  th e exti nc t ion of 
th i s  spec ies in Oregon . S c h na be l  in 1 9 1 6  wrote tha t  d i sease in the wi nter 
of 1 884- 1 885 k i l l ed most of th e sheep in the  desert country . H owever ,  
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F O S S I L  B I G H O R N S H E E P  S I T E S  R E P O R T E D I N  W E S T E R N  
N O R T H A M E R I C A  

L EG E N D  F OR NUMBER ED  S I TES  

1 .  Two rem a i ns i n  A l aska- Kow a k  c l ays 
2 .  Ca nada - Last Chance Cree k - Yu kon  Terr i tory 
3 .  Wash tucna Lake (O l d  Wash i ngton Lake) - Fran kl in Cou nty , Wash i ngton 
4 .  Mou th Twentym i l e  Creek,  Lake County , Oregon 
5 .  W i l l ow Creek Canyon - near W i nnem ucca , N evada 
6 .  Danger Cave , U tah 
7. Hardman Grave l P i ts - Sa l t Lake C i ty , U tah 
8 .  Gypsum Cave, Nevada 
9 .  Catc l aw Cave,  Mohave Cou nty , Ar i zona 

1 0 .  R iver gravel s near B l oom fie l d ,  N ew Mex ico  
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para s i tes from dom est ic sheep appear to be th e g rea test dec ima t i ng fac tor . 
H uge fl oc ks of domesti c sh eep cover i ng m u ch of the h i gh desert ra nge nea r  
and a fter the t u r n  o f  th e centu ry contam i na ted near l y  a l l  parts of both sum
mer  and  w i n ter ra nge . Th e scab m i te su pposed l y  caused l oss of hair  and 
undercoa t so that th e w i l d  sheep per i sh ed from exposure dur i ng the w i n ter . 
T h i s  th eory is q uest ioned by some author i t i es . I n  1 9 1 4 , a Mr . T i  I I  ford of 
Fort K l amath s tated that  c l ose grazi n g  of b ighorn  w i nter range by domest i c  
f l oc ks resu l ted i n  heavy wi nter d i e-off i n  the w i n ter of 1 879- 1 880 .  O th er 
eastern Oregon rangers corrobora ted th e starvat ion  theory . 

I n  Oregon ,  th e S teens a nd Har t  Mounta in s  appea red to be th e l as t  
strongho l d of the Ca l i for n ia  b i ghorns . Th e l ast records of w i l d  sheep i n  
th ese a reas was a n  accou n t ,  b y  Go l dma n ,  of one or two rams seen o n  Hart  
Mou n ta i n  in  1 9 1 2 .  By 1 9 1 6  th e Ca l i forn ia  bi ghorn had d i sappea red from 
the state . 

I n  1 939 , a group of Lakev i ew sportsmen , w i th th e a i d  of the U . S .  
B i ol og i ca l  S urvey , re l eased 23 Rocky Mou nta i n  b ighorns  on H ar t  Moun ta i n . 
Th is  tra n sp l an t  was unsuccessfu l . 

I n  1 954 , th e Oregon Game Comm iss ion , i n  coopera t ion w i th th e Br i t
i sh  Col umb ia  Gam e  Departm en t ,  trapped 20 sh eep i n  Br i t i sh Col umb ia  and 
re i  eased them in Oregon . .A.ga i n the Har t  Mounta i n  area was chosen a s a 
good s i te . They were re l eased i n to a 34-a cre pen a nd h e l d  there w h i l e  a 
600-acre ho l d i ng pen was constru cted on the west face of Har t  Mou nta i n . 
Th e l arge pen was started i n  Marc h ,  1 955 , and  com pl eted i n  J u l y  of that 
yea r . I t  cons i sted of over 4� m i l es of fence  construc ted u nder adverse con
d i t ions  and  on very d i ffi cu l t  terra i n . 

Th e sheep q u i c kl y  adap ted to l i fe i n  t he  600-acre pen . Th e f i rs t  
re l ease from th e pen was made in  J u n e ,  1 957, when 1 8 sh eep were a l l owed 
to escape from th e pen a t  the west face of th e mounta i n .  S i nce  tha t  t ime  a 
few sheep have  l i berated themse l ves by brea ki ng through th e fence . An 
attem pt has been made each year to ta l l y  as many sheep as possi b l e both 
i ns ide and  outs ide of th e pen . By 1 960 , th e known  pop u l a t ion  was over 64 
a n ima l s ,  i n c l ud i ng  an ima l s  both in a nd out  of th e enc l osu re . I n  1 960 fou r 
sheep were ca ugh t and  moved to S teens Mounta i n , a d i sta nce of abou t 70 
a i r l i n e  m i l es ,  and i n  1 96 1  an  add i t iona l  seven sheep were moved to that s i te . 

I n  N ovem ber of 1 965 ,  1 7  sheep were transpl anted from th e H ar t  Moun
ta i n  h erd to th e Owyh ee Canyon coun try . I n  1 971 , 2 1  Har t  Moun ta i n  sh eep 
were re l eased in the Straw berry Mounta in s  area sou th a nd east of  J oh n  Day 
and P ra i r i e  C i ty .  Al so in 1 97 1 , 40 sheep from J asper Nat iona l  Pa r k  were 
re l eased on two d i fferen t  s i tes i n  th e S na ke R i ver  coun try , 20 h ead be l ow 
H e l l s  Ca nyon Dam , and  20 h ead on the l ower Lost i ne  R iver . To da te ,  some 
of th e transpl a nts have been suffi c i en t l y succ essfu l to a l l ow l im i ted perm i t  
h u nt i ng . 
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S t r a t i g r a p h y  

Th e s ku l l a nd " battered cobbl e" were found a bou t 5 feet a part  on the 
south s ide  of th e cree k bed , l y i ng  on th e hardpan  l ayer beneath th e o l dest 
deposit  of sand and  gravel  exposed in the bed of Twentym i l e  Cree k .  The 
sand and grave l  was prev i ous l y about 8 to 1 0  feet th i c k ,  but  was part i a l l y  
c l eared away about 1 0  years ago . Th e bed of Twentymi l e  Cree k i s  a r t i
fi c i a l l y  a l tered by cont i nua l  construc t ion  of revetm e nts and  d igg i ng  i n  the 
channe l  for agr i c u l tura l pur poses . Thus ,  the spec im ens w ere covered by 
on l y  about 4 feet of the depos i t .  Th ey were obv i ous l y assoc i ated w i th the 
sa nd and grave l  a nd not w i th the hardpa n . A l ayer of peat ,  about  1 foot 
th i c k ,  over l ies  the sand and gravel , and th i s  i n  turn  is covered by a bout  4 
feet of m ixed soi I and gravel • 

Across th e channe l  on the north s ide , abou t  5 to 1 0  yards from th e 
ban k ,  i s  a promontory where the w i nd has bl own  away the so i l  i n  p l aces ,  
expos i ng  n umerou s art i facts . Th i s  may represen t  a n  ol d camps i t e ,  and thus  
a human or i g i n  for th e " battered cobbl e "  i s  made  m ore probo bl e .  

4 '  S O I L  AND G R AVEL 

1 '  PEAT 

1 0 ' S AND AN D GRAVEL 

KULL AND " BATTER E D  C O B BL E "  

H AR DPAN 

Strat igraph ic  co l um n at d i scovery s i te (Ade l , Oregon) 
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F r o n t  V i e w  

R e a r V i e w  

S i d e  V i e w  

Three v i ews  o f  par t ia l  sku l l and a ttach ed horns o f  Ov i s  catc l awens i s  
from Adel , Oregon . 
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D e s c r i p t i o n  a n d C o m p a r i s o n  o f  t h e  A d e l  S p e c i m e n  

The  accompany ing  tabl e summar i zes th e m easu rements wh i ch cou l d  be 
made on th e spec imen , a par t i a l  s ku l l w i th a t tached h orn cores . Th ese 
m easurem ents com pare favorab l y w i th those made  by S tokes a nd Cond i e  
( 1 96 1 )  on fou r teen spec imens o f  Ov i s  ca tc l awens i s  from severa l l oca l i t i es 
i n  th e Grea t Basi n .  H owever , th e part i a l  nature of th e Adel spec imen per
m i tted on l y one of S tokes and Cond i e ' s  "most si g n i fi can t  m easurements" - 
the  max imum core c i rcumference -- t o  b e  com pared . Com par i son of i l l us
tra t i ons from S tokes and Cond i e  w i th th e spec imen shows  many s im i l ar fea t
u res . In add i t i on ,  com par i son of th e Ade l  spec imen  w i th spec imens a nd 
m easu rements of the modern Ovis  canadens is  canadensi s a nd Ov i s  canaden
s i s  ca l i forn i a na do not warran t  i n c l us ion i n  e i ther of these su bspec i es . Th e 
Adel spec im en possesses th e robust features of a mature ma l e, w i th the fused 
cond i t ion  of cran ia l  sutures characteri s t i c  of an i nd i v id ua l  of 1 0  years or 
more i n  age . 

H orn  core and sku l l m easurem ents of t he  Ade l  spec imen  

Max imum d i am eter a t  base of horn cores: l eft 1 1 6 mm  
r i gh t  1 1 5 mm 

M i n imum l eng th of horn cores: I eft 1 79 mm 
r i g h t  1 79 mm 

C i rc umference of horn cores at base: I eft 336 mm 
r igh t 337 mm 

Mi n imum ang l e betw een h orn cores: 90° 

C o n c l u s i o n s  

The  d i scovery of the Ade l  spec im en ex tends th e known range of Ov i s  
ca tc l awens i s  i n to th e northwestern-most par t  of the Great  Basi n .  A l though 
a prec i se date for th e l oca l i ty  has not yet been esta bl i shed , a l l h eretofore 
known  occurrences of th is spec ies are P l e i s tocene , a nd th e ma j or i ty of th ese 
a re  from th e Al pi ne Format ion of th e Bonnevi l l e  L a ke basi n .  The assoc ia
t i on of sku l l and  " bat tered cobbl e "  in  prox im i ty to a l i v i ng s i te suggests that 
Ov i s  catc l aw ens i s  was con tem poraneous w i th ear l y  man i n  a t  l east part of i ts 
s tra t i gra ph i c  range . Th is  assoc ia t ion , as we l l as th e geograph i c  d i sta nce of 
the fi nd from those of th e Bonnev i l l e  basi n ,  shou l d  spur i n terest i n  th i s  fas
c i na t i ng pa rt of Oregon ' s  P l e i s tocene record . 
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L e f t  S i d e  F a c e  
"B A T TE R E D  C O B B L E " 

Poss i b l e ar t i fac t  from m outh of Twentym i l e  Creek i n  South 
Warner Va l l ey .  (Found i n  assoc ia t ion  w i th sheep sku l l . )  

Desc r i pt ion :  A pprox imate l y  cobbl e s i ze ,  som e cortex* (20%) rema i ns ,  
both areas o f  cortex o n  oppos i te ends o f  ob jec t .  

A ppears to have been battered over 60% o f  surface ,  qu i te  a num ber o f  h i nge
fl a ke scars v i s i b l e i n  one area . S pa l l s and o th er fl a ke scars over m uch of  
rema i nder o f  surface . L i t t l e i nd i cat ion of mecha n i ca l  tra nsporta t ion  sub
sequent  to manufac ture i s  presen t . I t  was apparent l y depos i ted at s i te of 
f ind  or nearby . An  in s i tu c i rcumsta nce i s  ind icated . 

Conc l us ion : Qu i te  h ig h  proba bi l i ty that  t h i s  ob j ec t  represents h uman  
(cu l tu ra l ? )  mod i f icat io n ,  bu t  i t  i s  no t  a sta ndard art ifact  form . Other 
assoc ia t i ons a nd data needed to confirm . I wou l d  ca l l i t  a " battered 
cobb l e . "  

Dr . Tom Newma n  
Department  of Anth ropo l ogy 
Por t l a nd S tate U n ivers i ty 

* Natura l , unfl a ked surface of th e basa l t  cobb l e  
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R E PR INTE D (REV I S E D )  FR OM 
T he ORE  B IN 
Vo l .  1 9 ,  no . 5 ,  p .  37-44 
May 1 957 

FOSS I L  LOC A L IT I E S  OF T H E  SUN SET H I G HWAY AREA , OREG ON 

By  Margaret L .  Steere* 

I n t r o d u c t i o n  

T he S unset H ig hway area i n  weste rn C o l umbia and Wash i ngton 
Count ies , Oregon , i s  famous for i ts abundant mar i ne foss i l s  of O l igocene 
age . T h is  foss i l i ferous area l ies about 35 mi l e s  nort hwest of Port l a nd a nd 
extends from M i st at the north end to Forest Grove a t  the sou th . O u tcrops 
y i e ld i ng foss i l s  are numerous , and most exposures of sed i mentary roc k ,  hard 
e noug h to have resi sted weat her i n g ,  revea l at l east a few foss i l s .  T he loca l 
i t ies descr i bed o n  the fo l l ow i ng pages ,  and s hown w i t h  correspond ing  numbers 
on the accompany i ng map , are eas i l y  reached by road . Sunset H i g hway 
( U S  26) b i sects t he area and surfaced road s  l ead north a nd south  from i t . 

G e o l o g i c  S e t t i n g 

D ur i ng most of the per iod from l ate Eocene un t i l the e nd of O l igocene 
t i me ,  some 30 to 50 mi l l ion  years ago , northwest Oregon was cove red by an 
a rm of the sea i n  wh ich  mo l l uscs and other mari ne i nvertebrates were exceed
i ng l y  numerous . Streams erod i ng the adjacent l ands brought in mud , sand , 
a nd vo l can i c  ash wh i c h  sett led i n  l ayers on t he f loor of the sea . As t he f loor 
gradua l l y subs ided , thousands of feet  of  sed iments accumu l ated . She l l s of  
t he an ima l s  l iv i ng  on t he sea bottom , or washed up a l ong t he marg i ns , we re 
b ur ied and preserved as foss i l s  in the sed i mentary rocks . 

Some t ime  a fter the c lose of t he O l igocene per iod ,  the l a nd was up-
1 i fted perma nent ly  from the sea  and t he sed imentary rocks were warped i nto 
gent l e  fo lds  a nd the n deep l y  eroded , Today these t i l ted foss i l -bear i ng strata 
are exposed in steep banks a l ong st reams and in roadcuts  a nd quarr i es . 

T he o l dest foss i l i ferous sed i ments i n  t he area be l ong to the C ow l i tz 
Format ion  { upper Eocene ) ,  wh i c h  i n  the reg ion  of the  C ow l i tz R iver , Wash
i ngton , reaches a th ickness of  near l y  8, 000 feet . I n  Oregon , t he Cow l i tz 
Format ion  i s  l e ss exte ns ive and cons i sts l a rge l y of  cong l omera tes  and sa nd-

* Geo log i st , State of Oregon Department of Geo logy a nd Mi nera l  I nd ustr ie s . 
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stones depos i ted near the shore o f  t he Eoce ne sea . T hese rocks c rop ou t  
i rreg u la r l y  a l ong t he western  s ide  of the Sunset H ig hway a rea , w here t hey 
over l i e or  i nterf inger  w i th  vo l ca n i c  rocks  of the Coast Range , Some out
c rops of  the Cow l i tz Format ion  conta i n  mar i ne  she l l s  ( Loca l i ty 5)  and others 
s how foss i l  p l an t  rema i n s . 

Ove r l y i ng t he Eocene sed i me nts a re the h i g h l y  foss i l i fe rous  O l igocene 
mar i ne format ions . Most noteworthy of t he se , as fa r as a bundance and var ie ty 
o f  fossi l s  i s  concerned , are the K easey and P i ttsburg B l uff Format ions  (named 
a fter Keasey and P i t t sburg in Co l umb ia County w he re the formati ons were 
fi rst stud ied) . The Keasey Format ion , wh i ch  is t he o l der o f  t he two , i s  about  
2 , 000 feet t h i ck . I t  i s , for t he most part , a mass ive tu ffaceous mudstone 
w h i c h  i s  gray on fres h  exposure but tu rns  soft and ye l l ow i s h  w he n  exposed 
to the weathe r . It crops out betwee n Keasey and Vernon i a ,  and co nt i nues  
in  a wide  band tre ndi ng nor th  and sout h t hrough t he center  of  t he map area . 
Foss i l s  are found i n  most u nweat hered outc rops ( Loca l i t i e s  1 ,  4, 6 ,  7 ,  8 ,  9,  
1 0) and i nc l ude many new spec i e s ,  some rece nt ly  descr ibed by H i ckman ( 1 976) . 

T he P i t t sburg B l u ff Format ion  i s  a mass i ve sandstone about 800 feet t h i ck  
conta i n i ng r i ch ly  foss i l i ferous layers . I t  i s  exposed i n  va r ious p l aces from 
t he b l u ffs a l ong t he N e ha l e m  R i ver  nort h of  P i ttsburg to outcrops a l ong Sun
se t  H ig hway east of t he t unne l . I t  i s  most foss i l i ferous in  t he v i c i n i ty o f  
P i t tsburg ( Loca l i t i e s  2 and 3) where t he fossi l s  are typ i ca l  o f  a nearshore or 
s ha l l ow-water fauna . Layers of p la nt rema in s , carbonaceous mate r ia l ,  and 
coa l a re  c haracte r i st i c  o f  t he P i ttsb urg B l uff Format ion . 

Both t he Keasey and the P i t tsb urg B l uff Format ions conta i n  hard I imy 
concret ions  ra ng i ng from t he s ize of a baseba l l  to 3 or more fee t i n  d i ameter . 
T hese concret ions  are d i ffi c u l t  to break open , but  are usua l l y wort h t he 
troub l e  as most  have somet h i ng of i nterest i ns ide , such  as t he carapace o f  
a c rab  or a beaut i fu l l y  preserved she l l .  

F o s s i l L o c a l i t i e s  

1 .  M ist c r i no id  loca l i ty 
An u n usua l c r i no id  zone i n  t he Keasey Forma t ion  is located i n  a h i gh  

b l uff on t he  west s i de  of  t he N e ha l e m  R iver  0 , 3  m i l e  south  of t he j u nct ion  
o f  Oregon h i g hways 47 and 202 i n  M ist . T he outcrop i s  p l a i n l y v i s i b l e  from 
H ighway 47 .  To reach  i t ,  cross t he N e ha I em R i ver  on the B urn Road br idge 
j ust sout h of M ist and wa l k  upstream severa l hundred  feet a l ong the west 
bank of t he r iver  to the b l u ff and the n a s hort d i sta nce a lo ng the base of t he 
b l uff at t he wate r ' s  edge . T he w ho l e  b l uff i s  composed  o f  gray f ine -gra i ned 
tu ffaceous s i l tstone of  t he Keasey Format ion . S i nce t he c r i no id zone i s  o n l y  
a few fee t  above t he r i ve r a t  l ow -water stage , i t  can  be  reac hed o n ly i n  l ate 
summer . 

C r i no i d s ,  pop u l a r l y  k nown as sea l i l i es , re se m b l e  p l ants b ut a re actua l ly 
mar ine  an ima l s  of the e c h i noderm fam i l y .  Fossi I c r i noids of Tert iary age have 
been found in on l y  a few p l aces in t he wor l d , and near ly comp l e te spe c i men s ,  
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i n c l ud i ng  stem , c up ,  a nd bra n c h i ng arms,  suc h  as occur  at t he Mi st l oca l i ty ,  
a re espec i a l ly rare (Moore and Vokes ,  1 953) . Th i s  remarkab l e  depos i t  shou l d  
b e  treated w i t h  great respect , a nd care taken not t o  ca use u n necessary des
truct ion  of t he bed . O ther fossi l s  found w i t h  the c r i no i ds i n c l ude spi ny 
ech i noderms (sea urc h i ns) cora l s ,  shark teeth , a nd var ious mo l l uscs , 

2 . P i ttsburg l oca l i ty 
T he sandstone b l uffs a l ong t he N e ha l em R iver near t he tow n of P i t tsburg 

in Co l umb ia  Coun ty are the type loca l i ty for t he P i t tsburg B l u ff Format ion  o f 
O l igoce ne age . The format ion  is we l l  exposed a s hort d i stance nort h of P i t ts
b urg in roadcuts  a l ong State H ig hway 47 , espec ia l l y  a t  0. 2 m i l e  nort h of the 
Scappoose road j unc t ion . At th is  l oca t i on the mass i ve sandstone conta in s  
narrow bands  th ick ly  crowded wi th  gastropod s ,  

3 ,  East Fork N e h a l e m  R iver l oca l i t i es 
R i ch l y  foss i l i fe rous  zones in the P it t sburg B l uff Format ion  c rop ou t  i n  

t he b l u ffs of t h e  East Fork N e ha l e m  R i ver . T he best exposures are i n  roadcuts  
a l ong t he P i ttsburg- Scappoose road a nd the C row n  Ze l l erbac h l ogg i ng road ,  
both o f  w h i c h  fo l l ow the East Fork va l l ey . Fossi I s  occur  i n  hard concret ionary 
masses; some are so we l l  preserved t hat eve n t he mot her -of-pear l  is st i l l  
present . E l sewhere i n  t he format ion the rock softens so rapid l y  on exposure 
t hat t he fossi l s  q u i c k l y  d is i ntegrate , 

T he most easi l y  a ccessi b l e  outcrop is a cu t  on the Scappoose road 2 . 7  
m i le s  east o f  Hwy . 47 . T he foss i l s  a re i n  a hard zone near road leve l . 

A second loca l i ty ,  o nce h i g h l y  produc t i ve ,  i s  on t he nort h wa l l of t he 
va l l ey , 1 m i l e  west of t he Ra i l road T rest l e  Ways ide si g n  at Scapon ia  Park . 
T he o utc rop i s  on t he o l d  ra i l road grade , now overgrow n  by tree s ,  about 30 
feet above t he e l eva t ion  of t he C row n  Ze l l erbach  l ogg i ng road . 

A t h i rd l oca l i ty is a roads ide  outcrop on t he C rown Ze l l e rbach l ogg i ng  
road approx imate l y  1 . 6 m i l e s  east o f  t he Ra i l road Trest l e  Wayside s i g n . Rare 
i sopods , assoc iated w it h  p lan t  fossi l mater ia l ,  were found here i n  1 964 by 
Sam Mercer of R a i n ier . Weathe r i ng of the outcrop may have destroyed t he 
fossi I s . 

4 . Rock C reek l oca l i ty 
T he or i g i na l  co l l e c t i ng area for Keasey fossi l s ,  t he type loca l i ty for 

t he Keasey Format ion  of O l igoce ne age , i s  i n  t he banks of Rock Creek be 
twee n Vernon ia  and Keasey (a former l ogg i ng ra i l road stat ion ) . T he loca l 
i ty i s  l a rge l y  of h i stor i ca l  i nterest today beca use the Keasey Format ion  i s  now 
exposed e l sew here in l ess weat hered and more a c cessi b l e  p l aces . To reac h  
t he l oca l i ty from Vernon ia , fo l l ow Rock  C reek road 8 . 8 m i l es to the t h i rd 
h i g hway br idge over Rock Creek . Fossi l s  can  be found near water l eve l i n  
the l ow ba nk o f  t he creek . 
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5 .  Rocky Point  q uarry l oca l i ty 
A county-owned q uarry i n  Eocene basa l t  is s i t uated j ust off t he T imber

Vernonia road 6 . 5  m i l es southwest of Vernon ia  (or 5 . 8  m i l es north  of Sunset 
H ighway at t he T i mber-Ve rnon ia  j unct ion) . An access road 1 /8 m i l e  long 
l eads to  the  sma l l q uarry . Over l y i ng t he basa l t  i s  a bed of pebb le co ng lom
erate of the C ow l i tz Format ion  conta i n i ng Eocene mar i ne foss i l s .  Pe l ecypod s ,  
brac h iopods ,  hexacora l s ,  a nd shark tee th  have bee n found at  t h i s  l oca l i ty . 

6 .  Neha l em R iver l oca l i ty 
A foss i l i ferous outcrop of t he Keasey Format ion  occ urs i n  a prom i ne nt 

cut  a l ong the N e ha l e m  R i ver on  the east s ide of the road from T i mber to 
Vernonia , 3 . 0  m i l es north of t he j u nct ion w i t h  Sunset H i g hway . T he l oca l 
i ty i s  about 3 m i l e s  south  o f  Loca l i ty 5 .  Large pe l ecypods o f  the genus 
T hyas i ra are found a t  th i s  outcrop . 

7 .  L i te -Rock quarry 
T he Keasey Format ion  is exposed in t he Lite-Rock quarry at t he west 

e nd of t he Sunset Tunne l on  Sunset H ig hway . Many we l l  preserved pe l ecy
pods , gastropods , denta l i um ,  crabs , and o ther  var iet ies  of  fossi l s  have been 
found in the gray , t uffaceous mudstone and in base-ba l l  s ize concre tions . 
( Th i s  quarry was c losed to v i s i tors a t  l atest i nqu i ry ,  October 1 976) . 

8 .  Ra i l road trest l e  q uarry l oca l i ty 
T he Keasey Format ion  is exposed i n  a q uarry above Hwy . 47 at t he 

east e nd of a h ig h ,  curv i n g ,  rai l road trest l e .  T he l ocat ion , not v i s ib l e  
from t he h ighway , i s  6 . 4  m i l es nort h of  Sunset H ighway a nd 8 . 5  mi l es so uth  
o f  Vernon ia . A road (c l osed to  cars )  l eads uph i l l  to  t he quarry; park i ng 
space is ava i l a b l e  a t  the bottom .  We l l -preserved foss i l she l l s ,  s im i la r  to 
t hose at  the L i te-Rock quarry , can be co l l ec ted at t h i s  s i te . 

9 .  T imber l oca l i ty 
T he Keasey Format ion  c rops o ut i n  a prom i nent  roadcut at a sharp 

be nd i n  the T i mber-G l e nwood road . T he loca l i ty i s  1 . 3 m i l e s  so uth of the 
ra i l road cross i ng  at T imber and 5 . 2  mi l e s  north of G le nwood . We l l -preserved 
fossi l s  have been  found here in the past . 

1 0 .  Ga l es C reek loca l i ty 
Two roadcuts on Hwy . 6 a l ong t he nort h s ide of Ga l es C reek va l ley 

expose t he Keasey Format ion . T he roadcuts a re 3� and 5 m i l es west of 
Forest Grove . A l though both outcrops are weat hered ,  a few foss i l s  can be 
found i n  the harder sandstone l ayers . Concret ions are fa i r ly numerous , 
a nd some c onta i n  foss i l  crabs , 
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F o s s i l s  t o  L o o k  F o r  

Hundreds of spec ies of  fossi I she l l s  have been co l l ec ted from t he Sun-
set  H i g hway area a nd ident i f ied by pa l eonto l og i sts , and t here are many new 
fossi l spec ie s  that have never bee n  desc r i bed . A few of t he foss i l s typ i ca l 
o f  the area are i l l ustrated here . Mo l l uscs , c h ie f ly pe l ecypods (c l ams) and 
gast ropods (sna i l s) ,  make up the ma jor i ty of the l arge fauna , but  o the r  types 
o f  mar ine  foss i l s  suc h as shark tee t h ,  c rabs , a nd cr i no ids  (sea l i l ies) a re a l so 
represented . P l a nt rema ins  i n  t he form of woody mate r i a l  and poor l y  preserved 
l eave s are l oca l l y prese nt . N ames of some of t he fossi l s common ly found i n  
t he C ow l itz , Keasey , and P i t tsbu rg B l uff Format i on s ,  toge ther w i t h  those l e ss 
common but of spec ia l i nterest , a re l i sted be l ow . For a more comp l ete l i st o f  
spec ies see the refere nces c i ted at the e nd o f  th i s  report . 

Cow l i tz Format ion ( uppe r  Eocene)  

Pe l ecypods :  
Ac i l a  dec i sa (Conrad) 
�;:;:;e;:T$eocenica  (Weaver) 
Ostrea gr iesens i s  Effi nger 
Vo l se l l a  cow l i tzens is  (Weaver and Pa l mer)  

P lant rema ins  

Gastropods :  
Exi l  i a  d i  ckerson i  (Weaver) 
F i copsi s cow l i tzens i s  (Weaver) 
�s nuc i form i s  ( Gabb) 
S i phona l ia sopenahens i s  0/Ve,Jver) 

B rach iopods 
S hark tee t h  

Keasey Format ion ( l ower O l igocene) 

Pe l ecypods :  
A c i l a  neha l emens i s  Hanna 
Dei"ectopecten (new spec ies)  
N emocard i u m  weaver i  (Anderson 

and  Mart i n )  __ _ 

N uc u l a na (new spec ies)  
T hyas i ra d i s j uncta ( Gabb) 
Y o l d i a  c he ha l i se ns i s  (Arno ld)  

Teredo ( in  wood) 
G l ass sponge 
Scaphopods ( De nta l ia) 
Cora l s  
C r i noids :  

l socr i nus  oregone ns is  Moore and Vokes 
l socr i nus  neha l emens i s  Moore and Vokes 

Gastropods :  
C a nce l l a r i a  ( new spec ie s) 
Ep i ton i um keaseye nse Durham 
Ex i l i a l i nc o l nens i s  Weaver 
� u l a  bentsonae Durham 
Po l i n i ces (new spec ies) 
Scaphander stewarti Durham 

E c h i noderms ( sea urc h i ns )  
Sa l e n ia sp . 

C rustacea (crabs) :  
Za nthopsis v u l ga r i s  Rathbun 
Eumorphocorystes nase l e ns i s  Rathbun  

P i ttsburg B l uff Format ion  (m idd le  O l i gocene) 

Pe l e cypods :  
Ac i l a  s humardi  ( Do l l )  
�l� i ngtonens is  (Weaver) 
Macroca l l i s la p i ttsburgens i s  ( Do l l )  
Sp i su l a  p i ttsbu;:ge;;5f5C i ark 
S o l e n  townsendens i s  C lark 
Te l l  i na p i ttsburge ns i s  C l ark 
T hrac ia  condo n i  Do l l 
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Gastropods :  
B ruc lark ia co l umbiana (Anderson 

a nd Mart i n) 
Mo l opop horous gabbi  Do l l  
Perse p i ttsburge;:;$f5Durham 
� i ces wash i ngtonens i s  (Weaver) 

I sopod 
P l ant  rema ins  
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R E PR I N T E D  (R EV I SE D) FROM 
T he OR E B I N 
Vo l . 20, no . 6 ,  p .  5 1 -59 
J une 1 958  

FOSS I L  LOCA L IT I E S  OF THE  EUGEN E AREA ,  OREGON 

Margaret L .  Steere * 

I n t r o d u c t i o n  

T he E uge ne area became know n  for its foss i l s  t hroug h Dr .  Thomas 
C ondo n ,  fi rst Professor of Geo l ogy at the Un ivers ity of Oregon ,  who began 
c o l l e ct i ng there i n  the 1 870 ' s .  S ince t hat t ime , many spec ie s  of foss i l s  
have been  d i scovered a nd iden t i fied , and bot h the Un ivers i ty o f  Oregon 
and Orego n State Un ivers i ty have important co l l ect ions in t he i r  museums . 
Many of the foss i l s  came from basement excavat ions for ca mpus bu i l d i ngs . 

Typ i ca l  foss i l s  of t he Eugene a rea are sea she l l s and l eaf  impr i nts . 
T hey occur i n  i nterfi nger i ng mar i ne and terrestr i a l strata that were depos i ted 
from l ate Eoce ne to l ate O l igocene t ime (40 to 25 m i l l i on years ago) . T hese 
fossi l i ferous beds now crop out in the h i l l s  of the E ugene area and a l l  d i p  
gen t l y  eastward as t he resu l t  of reg iona l fo ld i ng .  A recent st udy by  H i ck 
man  ( 1 969) descr i bes  a n d  i l l ustrates t he E ugene mo l l uscan foss i l s .  

G e o l o g i c  H i s t o r y 

D ur ing the t ime that the Eoce ne a nd O l igocene foss i l  beds were be i ng 
depos ited , most of nort hwestern Oregon l ay beneath a warm sha l l ow sea 
w hose southeaste rn shore l i ne ran approx imate ly  t hroug h the E ugene area 
( Lowry , 1 947) . Mar i ne invertebrate a n ima l s  I ived in great n umbers on t he 
sea f l oor , wh i l e  sem i trop i ca l  forests grew a l ong t he coast . Beca use the sea 
l eve l  f l uctuated considera b ly , the E ugene area was at t imes under water a nd 
rece i v i ng mari ne sed i ments , and at t imes above sea leve l and rece i v i ng ter
restr ia l sed iments . For this reason bot h fossi I she l i s  and foss i I p l ants are found 
in c l ose prox im i ty in the rock strata . 

T he o l dest foss i l -bear i ng rocks i n  the E ugene area are brown t uffaceous 
marine sandstones and sha l es of  l a te Eocene age , named t he " Spencer Forma 
t i o n "  after typ i ca l  ou tc rops near the mout h of Spencer Creek . T he Spe ncer 
Format ion was l a i d  dow n  on the sea f loor as l ayers of sa nd and mud wh i ch  
i ncorporated t he  she l l s o f  mar i ne an ima l s  l i v i ng t he re . I t  atta i ned a t h i ck
ness o f  severa l thousand fee t ,  Today these foss i l i fe rous beds a r e  exposed i n  

* Geo log ist , State of Oregon Departme n t  o f  Geo l ogy and M i nera l I ndustr ies . 
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R i c hardson Butte a nd other h i l l s a l ong the western  edge of the E uge ne area 
( Loca l i ty 1 ) .  The format ion  can be traced northward a l ong a narrow be l t  
i nto t he Corva l l i s area a nd southward toward Comstock; east of t h i s  outcrop 
be l t  i t  d i ps be neath  younger strata . 

N ear the c l ose o f  Eoce ne t i me , reg iona l up l i ft caused the sea to re 
treat temporar i ly from the E ugene area . T he new l a nd surface bega n  to 
rece ive t h i ck  depos i ts  of ash , tuff, brecc ia , a nd other vo l can i c  mater ia l s ,  
some o f  wh i ch  was reworked a nd redeposi ted  by streams . Luxur iant  forests , 
at fi rst subtrop i ca l ,  g rew on  the s l opes of vo l canoes and i n  the va l l eys be 
twee n them . Fossi l wood , leaves , seeds ,  and f l owers are found today i n  
l e nses o f  f ine-gra i ned sed ime nts marki ng s i tes  o f  anc ien t  ponds w here p lan t  
rema i ns from surro und i ng forests became bur ied  i n  m ud and ash ( Loca l i t ies  
6 and 7 ) . Severa l  ages of forests are represe n ted i n  the E uge ne and ad jacent 
a reas , and two have bee n  desc r i bed i n  deta i l by pa l eobota n i sts R a l p h  C ha ney 
and E the I Sanborn (see Bib I iography) . These are the l a te Eocene Comstock 
f l ora southwest o f  Cottage Grove and the O l igocene Goshen f lora ( Loca l -
i ty 7 ) . 

I n  m idd l e  O l igocene t ime , the sea aga i n  i nvaded t he E ugene area . 
It fi l l ed what is now the W i l l amette Va l ley trough ,  and a tongue of it tem 
pora r i ly extended near l y  to C ottage Grove . An abundant invertebrate 
fauna , composed c h ief ly  of  mo l l usks and crabs , l ived on the f loor of t h i s  
sea  a nd were bur ied i n  t he sands and m uds broug ht i n  by  streams . T hus was 
formed the gray , tuffaceous and h ig h ly foss i l i ferous sandstones of t he E ugene 
Format ion . As t he sea f loor subsided , the format ion became extreme ly  t h i ck . 
Accord i ng to Vokes , Snave ly , and Meyers ( 1 95 1 ) ,  who mapped the E ugene 
a rea in cons iderab l e  deta i l ,  t he E ugene Format ion may be as much as 1 5 , 000 
feet t h i ck . 

T he foss i l i fe rous E ugene Format ion is exposed today at ma ny p laces i n  
a nd about  E uge ne ( Loca l i t ies 2 t o  5) . I t  c a n  be traced southward toward 
C ottage Grove , w here it i nte rfi ngers w i th  the F i s her  Format ion . It can a l so 
be traced nort hward a l ong t he Coburg H i l l s  and i nto the Sa l e m  area . I ts 
equ iva l e nt fart her to the nort h i s  the P i t tsburg B l uff Format ion . 

W i thdrawa l of the O l igoce ne sea from t he W i l l amette Va l l ey some 
30 m i l l i on years ago marked the e nd of mar ine depos i t ion in the Eugene 
a rea . I n  M iocene t ime , the Spe ncer , F i sher , and E ugene Format ions were 
i ntruded by l avas wh ich  in p l aces spread out over the strata as extens ive 
f l ows . T he prom i ne nt topograph i c  features such  as Sk i nner Butte , Spe ncer 
B utte , and J udk i ns Poi nt are eros iona l remnants of these resistant vo l can i c  
rocks . Dur i ng more recent geo l og i c  epoc hs,  t he W i l l ame tte R i ver and its 
t r i buta r ies have carved w ide va l l eys i n  the o l de r  rocks a nd have deve l oped 
exte ns ive f l ood p l a i ns under l a i n  by t h i ck  deposits of  a l l uv i um .  Occas iona l l y 
a n  excavat ion in t h i s  a l l uv i a l  mater i a l  revea l s  bones a nd tee th  of now ex
t i nct mamma l s  that l i ved in this reg ion at the c l ose of the Ice Age . 
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W h e r e t o  F i n d F o s s i l s  

Some of the fossi l loca l i t ies  l i sted i n  t he or ig i na l  ( 1 958)  vers ion of 
t h i s  report are no l onger in ex i ste nce and some of t he others are deep ly  
weat hered or are on pr ivate property . Those known to  have bee n destroyed 
by construct ion of bu i l d i ngs , streets , and h ig hways are omi tted here , and 
a few o thers are added . Any new excavat ion expos i ng unweathered sed i 
me ntary rock  i n  the E ugene a rea i s  a good p l ace to l ook for foss i l s . H i ckman 
( 1 969) l i sts 15  access ib l e  foss i l -bear i ng outcrops of t he E uge ne Format i on . 
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l .  Fe r n  R i dge dam 
Mar i ne foss i l s are abundant and we l l  preserved in buff-co l ored 

sandstone of the Spencer Format ion  croppi ng out on R i chardson Bu tte a t  the 
west e nd of Fern R i dge dam . The loca l i ty i s  on the barren h i l l s i de at the 
extreme southeast end of t he But te a nd above a road l ead i ng nor t h  from t he 
west end of the dam . T he foss i l s  occur at va r ious e l evat ions on t he s ide of 
t he h i l l .  As many as 25 d i fferent spec ies of  mo l l usks of Eoce ne age have 
been reported from t h is l oca l i ty . 

2 ,  Lenon  H i l l  
Mar i ne fossi l s  have bee n co l l ec ted i n  the past from outcrops of  

t he Eugene Format ion  on Lenon H i l l northeast of Coburg . H i ghway 1 -5 
passes c lose to the west e nd of Le non H i  I I ,  bu t  no access road is avai I a b l e  
a t  t h a t  poi nt , To reach t h e  l oca l i ty , start a t  Coburg a nd go  nor th  on t he 
Brownsv i l l e  road about 2 m i les . Turn r igh t  (east) on road t hat crosses 1 -5 
a nd dr ive to east end of Le non H i l l .  T he H i l l  i s  composed of the E ugene 
Format ion , Beds conta i n i ng C rep id u las ,  Sp i su l as ,  a nd other O l igocene 
mo I I  usks crop out about ha I fway up the steep south  and west s lopes . 

3 .  Ra i  I road cut near Sears Warehouse 
Mar i ne foss i l s occur  in t he steep b l u ff a long t he Southern Pac i f ic  

R a i l road about  a quarter of a m i l e  east of t he Sears Warehouse , The l oca l i ty 
l ies east of 1 -5 a nd i s  reached via J udk i ns Road . Sandstone of  t he Eugene 
Format ion exposed in  the ra i I road cut  has y ie l ded a la rge number  of fossi I s  
i n  t he  past . 

4 ,  Amazon C reek 
Mo l ds a nd casts  of foss i l s he l l s  occur  i n  outcrops of t he Eugene 

Format ion  a long Amazon C reek . T he l oca l i ty i s  i n  t he c i ty l i m i ts sou th  of 
1 9th  Ave . 

5 .  Agate Street a nd 30th Ave . 
Foss i l s  can be fou nd i n  a roadc ut on 30t h Ave , near Agate 

Street on  the east edge of the c i ty .  The foss i Is occur as mo lds a nd casts i n  
weathered sandstone o f  t he Eugene Format ion , 

6 .  N ort h Goshe n l eaf  l oca l i ty 
Many l arge , we l l -prese rved l eaves were fo rmer ly co l l ected 

from a roadc ut i n  a sma l l  h i l l  of th i n -bedded , dark gray sha l e  at  t he north 
edge of Goshe n ,  The l oca l i ty i s  at t he i ntersec t ion  of 1-5 a nd Oreg . Hwy . 
5 8 .  Foss i l  l eaves were i n  t he form of b l ack carbonaceous fi l ms and impr i nts; 
rare sa lamander and i nsect impr i n ts were a l so fo und . Accord i ng to R .  E .  
B row n (see Vokes and others,  1 95 1 ,  i n  b i b l iography )  t h is f lora is younger 
t han  t he true " Goshe n f l ora " a nd probab ly  l a te O l igocene in age . Most of 
t he sma l l h i l l  has bee n  removed for h ig hway construct ion ;  the rema i nder i s  
deep ly we at he red , 
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7 .  Sout h Goshen leaf  l oca l i ty 
T h is l eaf  l oca l i ty is one of the s i tes of t he "Goshen f lora , " a 

l arge su i te of foss i l p l an t  rema ins  of lower to m idd l e  O l igocene age occur r ing 
i n  l e nses of wh i t i s h  t uff w i t h i n  t he F i sher Format ion . T he Goshe n f l ora is 
desc r ibed by C ha ney and Sanborn (see b i b l iography ) . T h i s l oca l ity is at a 
roadcut t hroug h a sma l l h i l l  on  o l d  H ig hway 99 beneath a n  overpass 1 . 75 
m i les  south of Goshe n .  T he o utcrop has been  part ly  destroyed by recent 
h i g hway construc t ion , but  foss i l  l eaves can st i l l  be found in the bed of 
w h i t i sh  tuff at road l eve l .  

F o s s i l s t o  L o o k  F o r  

Mar i ne foss i l s :  Mol l usks are by far the most abundant of t he i nverte 
brate mari ne foss i l s  of t he E ugene area . T hey i n c l ude pe l ecypods ( c l am-
l i ke she l l s ) , gastropods (sna i l - l i ke she l l s) ,  and  scaphopods ( toot h she l l s ) . 
T he Spencer and E ugene Format ions eac h  carry a d i st i nct ive assemb l age of 
mo l l usks , with more t han  20 spec ies of pe l ecypods a nd nea r ly  as many spec ies  
of  gastropods . Foss i l barnac le s ,  sea  worms ,  e ch i no ids ,  a nd crabs , a l t hough 
not as numerous as the mo l l usks,  are not uncommon i n  t he Eugene Format ion . 

P l ant foss i l s :  Foss i l  l eaves , wood , a nd occasiona l f l owers , fru its , and 
seeds ,  occur l oca l ly i n  t he Euge ne are a .  T he foss i l p l a nts so far recog n ized 
in the map area i nc l ude two ages of O l igoce ne f lora s .  T he o lde � f l ora (Goshen 
f lo ra )  conta in s  me l iosma , magno l i a ,  fig , a nd ot her sem itrop i ca l  p l a nts . T he 
younger f l ora conta i ns p l a nts c haracter i st i c  of a more temperate c l imate such  
a s p i ne ,  oak ,  map l e ,  a nd sassafras .  

Vertebrates :  Occasiona l ly teeth and fragments o f  e l ephant  t usks are 
found in the P l e i stocene s i l ts a long Spencer C reek a nd in t he W i l l amette 
V a l l ey .  Such fi nds are rare and new l ocat ions are unpred ictab l e ,  conse 
q uen t ly no l oca l i t ies are described i n  th i s  report . Severa l foss i l sa l aman
ders and a few i nsect impr i nts have bee n d i scovered at the nort h Goshe n 
l eaf l oca l i ty ( Loca l i ty 6) i n  b lack sha l e s  of l ate O l igocene age . Shark 
teeth have been  co l l ected from 01 igocene mar ine sa ndstones of the Eugene 
Format ion .  

Vertebrate Fossi I s  

P l e istocene e l e phant:  
• E l ephas co l umbl 

( jaw and gr ind ing  teeth) 

O l i gocene sal amander: 
* Pal aeotar i cha o l igoce n i ca 
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O l i gocene shark tooth :  
O dontaspis  sp . 

* I l l ustrated 



M a r i n e F o s s i l s  

Spencer formation (Eocene) 

Pe l e cypods: 
Ac t i o  declsa Conrad 
Ostre�ensls  G abb 
�den tes, cow l i tzensis 

(Weave1 and Pa lmer) 
Macrocal l i sta conrad iana (G abb) 
Te l l i na  cow l i tzens l s  Weaver 

* Spi s u l a  packa rd i D i cke rson 
* Ve ne r i card i a horn i l  Weaver and Pal mer  
* P i tar eocen ica  (W eaver and Pal me r) 

E ugene formation 
Pe l e cypods: 

* Ac i l a shumord l (Do l l )  
* Th roc i a  condon i Do l l 

�rdh);;;eugenense (C l ark) 
* P i tor dalll  (Weaver) 

Te l l i na euge n i a  Do l l 
S p i s u l a �se ( C l ark) 

* So l e n  e ugenensis  C l ark 

G as tropods : 
* Ep i ton i um condon  I Dol l 
* Po l i n  i ces secta (Gabb) 
* Crepi du la  ungona Dol l 

Bruc la rk i a  fu l l e r i  Durham 

G astropods: 
Po l l n l ces n u c l fo rm i s  (G abb) 
S lphonaha sopenahensls (Weaver) 
Pe rse s i nuata (G abb) 

* y;:;r,:j te Ti'CiUvasana Con rod 

Scaphopod : 
" Denta l i um strom ineum G abb 

(O l i gocene) 
Scaphopod: 

* De nto l i um 

E ch i no i d  

Barnac le :  
Ba l anus 

Sea wo rm :  
Teredo 

Crabs: 
* Ran i no ides eugenensis Rathbun 

Zan thops i s  (severa l spec i es) 
Mo l opophorus dal l i  Anderson and Mart in  * Co l l ionasa oregonens l s  Dana 

P I  a n t  

South G oshen f l ora 
( E a r l y  0 I igocene) 

O co tea eoce rn ua Chaney and S an bo rn 
* �a gos h e n e n s i s  Chaney and S an born 

l l ex o regano Chaney and San born 
Mag ��t i cu l a to Chaney and Sanbo rn �ani a  pockardi  Chaney and S an bo rn 

* F i cu s  goshene n s i s  Chaney and S a n bo rn 
�Zero oregano Chaney and Sanborn 

* I l l us trated 
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F o s s i  I s  

North Goshen f lora 
(Late O l igocene) 

* P i n us l a tohen s i s  B e rry  
* Q ue rcus  cons i m i  l i s  N e wbe rry 
* Hydr(ingea be n d i r e i  (Ward) Know l ton 

Acer  g l obro i des  Brown 
P l a tanus d i sse c ta Lesqueureux 

* �omum d i l l e r i  Knowl ton 
Sassafras sp . 



EOCENE FOSS I LS FROM THE SPENCER FORMATION 

• 
. 

. . 

. 

Venericardia homii Pi tar eocenica Spisu la  packardi 
Turrite l l a  uvasana Dental ium 

OLIGOCENE FOSSILS FROM THE EUGENE FORMATIO N 

"' 
g 

Solen eugenensis 

Aci l a  shumardi 

Thracia candani 

P i lar dal l i  

� 

. 
. 

Epitanh.m candani 

Pol in ices secta 
Crepidula ungana 

Ran inoides eugenensis (crab claw) 
Cal l ianasa oreganensis (crab she l l )  



FOSS I L  PLANTS FOSSIL VERTEBRATES 

01 igacene salamander 

"' 
s 

Pinus l atahensis (pine) 

Quercus cansim i I is (oak) 

Hydrangea flower 

F icus goshenensis (fig) Mel iosma goshenensis 

Cinnamomum d i l leri (cinnamon) 
P le istocene e lephant (jaw and grinding teeth) 
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R E PR I N T E D  (REV I S E D) FRO M  
T he O R E  B IN 
Vo l .  2 1 , no . 6 ,  p .  5 1 -58  
J une 1 959 

FOSS I L  LOCAL IT I E S  O F  T H E  SAL EM-DA L LAS  A R EA 

By Marga ret L .  Steere*  

L o c a t i o n  

T he Sa l em-Da l l a s  area I ie s  i n  t he center of t he Wi l l amette Va l ley 
in  Po l k  a nd Mar ion  Cou nt i es (see accompany i ng map) . W i t h i n  th i s  a rea 
t here are a number  of scattered rock outcrops w here foss i l s  have bee n found . 
T he 1 2  l oca l i t ie s  descr ibed i n  t h i s  report are easi l y  reac hed by paved h i gh
ways or good secondary road s .  

G e o l o g i c  H i s t o r y 

T housands of feet  of fossi l i fe rous mar ine strata under l i e t he Sa l em
Da l l as area . T hese rocks were depos i ted i n  seas  t hat covered most of weste rn 
Oregon dur i ng Eoce ne and O l i goce ne t i mes . T he beds have bee n t i l ted 
eastward; thus the o l de r  rocks  ( Eocene ) crop out a l ong the western side of 
t he area in the v i c i n i ty of Da l l as  w hi l e  to the east the ove r l app i ng younge r  
rocks  (O l i gocene )  c rop out i n  t he v i c i n i ty of Sa l em . 

Eocene format ions 
T he  ear l i est fossi l record i n  the area goes bac k about  50 m i l l i on 

years to the ti m e  when submar i ne vo lcanoes were exceed i ng ly  ac t ive on 
th e f loor of the Eocene sea . S om e  o f  t he  vo l canoes mu st have emerged 
a s  i s l a nds t hat supported p l a nt I i fe .  A t h ick  se r ie s  o f  basa l t i c  l ava fl ows 
a nd pyroc l ast i c  rocks accumu l ated aro und the vol can i c  centers together 
w i t h  i nte rbeds of sed ime nts conta i n i ng she l l s  of  mari ne an i ma l s .  Today 
t he se up l i fted rocks ,  known as t he S i l etz  R i ver Vo l cani cs , form the  core 
of  t he Coast Range west of  Da l l as .  

Loca l pockets o f  l imestone and l imy sed ime nts occur wi t h i n  or ove r
l i e t he vo l can i c  rocks . One such l imestone depos i t  occurs south  of  Da l l as 
( Loca l i t i es 9 and 1 0) a nd sma l l e r  one s  near E l l e nda l e  (Loca l ity 1 1 ) and  
near  B ue l l ( Loca l i ty 1 2 ) .  Geo log i sts  a re not  i n  agreement on  t he re l a t ive 

* Geo log i st ,  State of Oregon Department o f  Geo l ogy a nd  Mi nera l I ndustr i e s . 
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ages of these l i my beds except t ha t  t he fossi l s  a re a l l of Eoce ne age . 
Among the fossi l s  reported (see bi b l iography at end of t h i s  a rt i c l e ) ,  a re a 
rare gast ropod " P i eurotomaria " ,  oysters a nd o ther mo l l usks , brach iopods , 
bryozoa , na ut i l u s ,  foram i n i fe ra ,  crabs , shark tee t h ,  and fossi l p l a nts . 

After  submari ne vo l can i c  act iv i ty had d im i n i shed , many hu ndreds of  
feet of Eoce ne sandstones and s i l t stones were l a id  dow n over the l avas in  
t he Da l l as  regi on . These rocks (Tyee and Yam h i l l  Formati ons)  now crop 
out in t he footh i l l s  of t he Coast Range west of Da l l as . 

Between  Da l l as and t he W i l l ame tte R i ve r  is an area of l a te Eoce ne 
mar i ne st rata composed mai n l y  of th i n-bedded mi caceous s i l tsto nes a nd 
sha l es conta i ni ng occas iona l hard , mass ive l aye rs . T he se beds are ca l l ed 
t he Nestucca Format ion north of Dal l a s  a nd the H e l m ick  beds south of Mon
mouth . T he beds exte nd southward i nto t he Corva l l i s and E ugene areas ,  
where they are  known as t he Spencer Format ion . I n  fre sh outcrops t he 
rocks are gray a nd co nta i n  many mar i ne fossi l s , i nc l udi ng shark teeth a nd 
mo l l usks . On  exposure to t he weathe r ,  however , the t h i n-bedded mate ria l  
turns rusty brow n  a n d  d i s i ntegrates (Loca l i t i e s  7 a nd 8 ) .  

0 1  i gocene format ions 
Ea r l y  i n  O l i gocene t ime , about 40 mi l l io n  years ago , t he sea aga i n  

i nvaded weste rn O rego n .  Mass ive beds of  foss i l i fe rous s i l tstones k nown as 
t he Keesey Format ion accum u l a ted on  the sea fl oor . The type l oca l i ty for 
t hese deposits is in the S u nset H ig hway a rea northwest of Port l a nd where 
t he beds conta i n  a great var iety and abundance of  fossi l she l l s .  In the 
W i l l amette Va l l ey , t he exte nt o f  the Keesey Format ion  is not we l l  known 
d ue to scarc ity of outcrops,  but w here found t he beds conta i n  a c haracter
i st i c  K easey fau na . 

By m idd l e  O l igocene t ime , t he s l ow ly  r i s ing Coast Range bega n to 
form a h i g h l a nd or  row of  i s l ands to t he west of  the Sa l em- Da l l as area . 
I n  t he gradua l l y subsi d i ng basi n of the W i l l amette Va l l ey reg ion ,  there 
accumu l ated severa l thousand feet of tuffaceous sa ndstones conta i n i ng an  
abundance of sha l l ow-water mar i ne she l l s .  Today these sa ndy 1 buff-co l ored 
beds , k nown  as t he Eugene Format i on ,  a re w ide ly  d i s t ri b uted

. 
in the Wi l l am 

ette Va l l ey . A l though  t he name " l l l a he Format ion , "  was g i ve n  t o  beds i n  
t he Sa l em area b y  Mundorff i n  1 939, the name " E ugene Format ion " ,  i s  now 
pre ferred . The E ugene Format ion  conta i ns a var iety of pe l e cypods a nd 
gastropods ( Loca l i t i es 1 to 6) . 

M i ocene to H o locene (Recent) format ions 
Up l i ft of the la nd some t i me i n  l ate O l i goce ne or ear l y  Mioce ne 

caused the sea to retreat perma nent l y  from the Sa l em-Da l l a s area . T he 
m i dd l e  Mioce ne epoch  was a t i me of ma jor vo l can i sm . Basa l t i c  l a va fl ows , 
known as the Stayton lavas a nd contemporaneous wi t h  the great  Co l umb ia  
R i ve r  Basa l t  ext rus ions , b l anketed t he mari ne format ions i n  t he Sa l em area . 
S i nce Mioce ne t ime , t he W i l l amette R ive r and its tr i butar ies  have carved 
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wide va l l eys i n  t he vo l coni c and sedi me nta ry rocks . Remna nts of the basa l t  
f lows can b e  see n  capp ing the Sa l em  a nd Eo l a h i l l s ,  wh i l e  t he under l y i ng 
foss i l i ferous sandstones of the Eugene Formatio n c rop out be neat h . Pro I onged 
c hem ica l  weatheri ng of  the Stayto n Lavas  has a l tered the basa l t  to c l ay and 
baux i te , wh ich  may be recog ni zed by its  red co lor . 

For the past 1 0 , 000 years or more t he Wi l l amette R iver  a nd i t s  tr i b
utar ies  have bee n  deposi t i ng a t h i ck  cove r of  sand , si l t ,  and  m ud over the 
broad Wi l l amette Va l l ey .  O ccas iona l ly fossi l bones and teet h  are found 
in t he se sed ime nts i n  r i ve r  banks a nd excavat ions . E l ephant , mastodon , 
g round s l oth , and came l a re a few of t he st range i nhabi tants of t he So l em  
a rea at t he c l ose of  t he I ce Age  w hose foss i l rema i ns hove bee n d i scovered . 
Because the l ocat ion  of such fossi l s  i s  unpred ictab l e ,  no l oca l i t ies  are des
cri bed i n  th is  report . 

W h e r e t o  L o o k  fo r F o s s i l s  

T he p l aces to l ook for foss i l s  i n  the Sa l em -Dal l as a rea o re w he re sed 
i me ntary beds ore e i t her recent l y  exposed o r  suffi c ie nt l y  we l l  cemented to 
hove re si sted many years of weatheri ng . Favorab l e  l oca l i t ies  may be man
mode  excavat ions  such as quarr ies and  rood cuts , or t hey may be natura l 
outcrops o n  hi l l s ides and a l ong the bonks of streams .  The fo l l ow i ng  1 2  
l oca l i t ies are good p l a ces  to fi nd fossi l s ,  but be sure to a sk for permiss ion 
to e nter pr ivate property . 

1 . * Eo l o  H i l l s  l oca l i ty 
Fossil beds of  t he E ugene Format ion crop out be neath Stayton 

Lavas i n  a n umber of p l a ces i n  t he Eo l o  H i l l s .  The l oca l ity descr i bed here 
is near t he top of the d iv i de on t he rood t hat c rosses Eo l o  H i l l s from McCoy 
to L i nco l n .  To reach  t he loca l i ty , sta rt at R i ckrea l l ,  go nort h on  U . S . 99W 
toward Am ity for 8 m i l es to t he L i nco l n rood . Turn r i ght and go east 3 m i l e s  
t o  rood j unct ion at top of  hi l l .  A hard , foss i l i ferous I oyer of  t he Eugene 
Format ion  crops out at  road l eve l j ust  west  of  t he j unct io n .  V arious other 
outcrops in  t he v i c i n i ty are reported to expose fossi l s .  

2 .  Ho l mes Gap l oca l i ty 
Ho lmes Gop i s  t he na rrows betwee n t he h i l l s w here U . S .  H ig h

way 99 W crosses t he Sout hern  Pac i fi c  ra i l road 5 m i l es north  of  R i ckrea l l . 
Coarse , dark -gray fossi I i ferous sandsto ne crops out i n  two p I  aces i n  a posture 
on t he east s ide of the hi g hway about 0 . 2  m i l e  no rtheast of the ra i l road 
c rossi ng . One outcrop i s  on the bo nk of a s ha l l ow g u l l y  about 200 feet  
west  of a farmhouse . T he ot he r  outcrop i s  on  t he s ide  o f  a sma l l  ravi ne i n  

* N umbers refe r  to l oca l i t ie s  o n  i ndex mop . 
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the steep b l u ff near t he h i ghway . Th i s  coarse sandsto ne co nta i ns a var iety 
of we l l -preserved she l l s  of m idd l e  O l i gocene age and may represe nt the 
base of t he E uge ne Format ion . Typ ica l fossi l s  are the pe l e cypods Ac i l a  
a nd Pi tar , a nd t he gastropods Bruc l ark ia  and Mo lopophorus . 

--

3 .  l l l a he H i l l l oca l i ty 
Fossi l s are numerous i n  a weat he red exposure of t he E ugene 

Format ion at the sout h end of  l l l a he H i l l about 5 m i l e s southwest of Sa l em . 
To reach  t he loca l i ty , fo l low South R i ve r  Road to Roberts and  cont i nue 
1 . 4 mi l e s .  T he outcrop is at t he  base of the h i l l  about 500 feet nort h of  
the road . T he e nt i re h i l l  i s  composed of the E uge ne Format ion . Fossi l s  at 
l l l a he H i l l  are s im i l ar to t hose d i re ct l y  across t he road at F i nzer Stat ion 
(Loca l i ty 4) . T he two loca l i t ie s  were probab ly  cont i n uous strata before 
bei ng separated by erosi on . 

4 .  F i nzer Stat ion l oca l i ty 
Fossil s are abundant a t  F i nzer Stat ion on the O regon E l ectr i c 

rai l road 5 mi l es southwest o f  Sa l em . Th i s  l oca l i ty is a deep ra i l road cut 
t hroug h a h i l l  d i rec t l y  across t he road ( So ut h  R i ver  Road ) from t he l l l a he 
H i l l  l oca l i ty (Loca l i ty 3) . To reac h  i t  c l imb up to the tracks at the rai l 
road overpass a nd wa l k  a l ong ra i l road for about 1 00 feet . He re t he E ugene 
sandstone of O l i gocene age forms t he ver t ica l  wa l l s  o n  each  s ide of  the 
tra cks . Foss i l casts , part i c u l ar l y  pe l e cypod s ,  a re exceedi ng l y abundant . 
T he sa ndstone weathers rap id ly  and foss i l s  are we l l preserved on l y  when 
fre sh ly  exposed . Foss i l s  a l so occur in  a hard l i my l e ns .  Some of t he typ i ca l  
ge nera are :  t he pe l ecypods So l e n ,  Sp i su l a ,  Yo l d i a , a nd  N ucu l a na ,  and  
t he  gastropod B ruc l ark ia . 

--
---

5 . F rontage Road loca l i ty 
Cha l ky-wh i te m o l lu sks i n  g ray sa ndstone  a nd si I ts tone a re  

abundant i n  a road cut on  F rontage Road a bou t 1 0  m i les  sou th of Sa  I em . 
To reach th e loca l i ty from Sa l em ,  dr ive  south a bout  1 1  m i l es to th e J effer
son  overpass . Turn r ight  (w est)  onto F rontage Road and  dr ive  bac k  toward 
the north (pa ra l i e I to 1 -5) for 1 m i l e  to road cu t .  The Eugene Format ion of 
O l i gocene age  i s  exposed h ere,  d i ppi ng northeastward under the S tayton 
Lavas . A l though th e ori g i na l sh e l l s are sti l l  preserved , they qu i ck l y  d i s
i ntegra te on exposu re to the a i r ,  l eavi ng i n terna l casts i n  the roc k .  T h e  
loca l i ty i s  a bout 3 . 5  m i les  south o f  th e j u nct ion of U . S .  99 th rough  Sa l em 
and th e By-pass (1 -5) . 

6 .  Turner q uarry loca l i ty 
F rom ce nter o f  Turner (about 9 mi l e s  southeast of S a l em ) ,  go 

east on  county road ! mi l e  to Oaks Cemete ry road . Turn l e ft (nort h )  and 
go nort h on Oaks Cemetery road toward Witze l  for 2 . 3  m i l e s to o l d ,  sha l l ow 
q uarry and dump o n  west s ide of road . T he qua rry exposes we l l -ceme nted 
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brown tuffaceous sa ndsto ne of the E ugene Format ion  of O l i goce ne age i n  
wh i c h  casts and mo l ds o f  Sp i s u l a  and other pe l e cypods are we l l preserved . 
An upper quarry a short d i sta nce to t he west exposes t he ove r l y i ng Stayton 
lavas of  Mi oce ne age . 

7 .  H e l m i ck H i l l  l oca l i ty 
U . S . H i ghway 99 W makes a l o ng deep cut through t he north 

bank of the l uck iamute R i ve r  4 , 5  mi l es south of Monmouth . T he cut exposes 
nort hward-d ippi ng He l m i ck  beds of  l ate Eocene age . T h i s  exposu re is s im
i l a r  to  the  cut t hrough He l m i ck H i l l on  o ld  H i g hway 99 W a t h i rd of a m i l e  
due west . T he new hi ghway cut i s  not a s  deep l y  weathered a s  the o l d  o ne 
a nd fossi l s  can  st i l l  be fou nd i n  t he more indurated l aye rs . Among the fos
s i l s  that have bee n  co l l ected from t hese cuts in  the past a re the pe l ecypods 
Sp i su l a ,  Te l l i na ,  and Vo l se l l a ,  and the gastropods Ampu l l i na a nd Acr i l l a .  
N umerous shark tee th  have a l so bee n  found . 

---

8 .  Cooper Ho l l ow road loca l i ty 
A road cut i n  a l ow ba nk on the Cooper Ho l l ow road about 5 

mi l e s sou th  of Da l l as  exposes upper Eoce ne sed i me nts that a re pre sumab l y  
a co nt i nuat ion of t he He l mi ck beds , T he  outcrop i s  o n  t he nort h s ide of  the 
h ig hway w he re the h ighway rises up out of the luck iamute Va l l ey ,  1 . 2  
mi l e s east o f  State H i g hway 223 ( K i ngs Va l l ey road) . W he n  the Cooper 
Ho l l ow road was under co nst ruct ion , a number of kinds of  foss i l mo l l usks 
s im i l a r  to t hose at  H e l m i ck  H i l l  were co l l ected from the fre sh ly  exposed 
dark-g ray sha l e . Weathe ri ng has s i nce obscured much  of t he outcrop , but 
a few fossi l s  ca n st i l l  be fou nd . T hey are ge nera l l y  fa i r l y  we l l  preserved 
a nd ca n be combed out of  t he soft sha l e . 

9 .  Po l k Co unty l ime q uarry 
T he Po l k Cou nty l ime quarry i s  about 1 m i l e  east of the Oregon 

Port l a nd Cement quarry in an  exte ns ion of the same l i mesto ne deposi t .  I t 
may be reached from the Da l l as Court Ho use by fo l l owi ng State H i g hway 
223 south fo r '2 . 2  m i l es to L i be rty Road a nd co nti nui ng west on Li be rty 
Road 1 . 5 mi l es to t he qua rry . Foss i l s  of Eocene age , part i cu l a r ly  Ostre a ,  
are nume rous i n  certa i n  hor izons . 

---

1 0 . O regon Port l a nd Ceme nt qua rry 
The O regon Port land Ceme nt Company has a l a rge quarry i n  a 

deposi t  of mass i ve gray l i mesto ne southwest of Da l l as . T he qua rry may be 
reached from the Da l l as  Court House by fo l l ow i ng Sta te H i g hway 223 for 
1 . 0  mi l e  south to the i nte rse ct ion w it h  Oakda l e  Road . Turn west on  Oak
da l e  Road and go 3 .  7 mi l es to quarry s ign  and  pri vate road . T he quarry i s  
i n  the bottom of  a va l l ey 0 . 3  mi l e  east of  Oakda l e  Road . Fossi l s  are o f  
Eocene age  a nd are fa i r l y  numerous i n  certa i n  hor izons at  th i s  I oca l i ty .  

208 



EOCEN E FOSS I LS 

L i m e s t o n e  B e d s  

P e l e cypods: 
Barbat ia  cf. B .  cow l i t ze nsi s {Weaver and Pa lmer) 
L ima sp . 
Ostrea sp . 
Pe cte n c f .  P .  i nte rrad i atus Gabb 
sponcry l us car losens i s  Anderson 
C rassate ll i tes  doll i Weave r 
P i  tar c f .  P .  d�(Weave r) 

Gastropods; 
Acmaea n .  sp . 
�aea sp . i ndet . 
T urr ite I I  a anderson i  c f .  subsp . susanae Merriam 
P l e urotomar ia  sp . i ndet . 

Brach iopods : 
Terebratu l i na (severa l spec ie s) 

B ryozoa 

Forami n i fe ra 
Di scocyc l i na sp . ( l arge d i sk -shaped foram) 

C rustacea : 
Ran i noi des oregone ns i s  Rathbun 

Cepha l opods : 
N a ut i l us (severa l spec ies)  

Ech i noderms (sea urch i ns ) :  
Spatangus tap i nus S che nck 

S ha rk tee th 

Foss i l  p l a nts :  
C i n namomum 
Ferns 
P i ne cones 
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Pe l e cypods: 

E OC E N E  FOSS I LS (cont ' d) 

H e l m i c k  B e d s  
(Spe nce r Format ion)  

Sp i su l a  (severa l spe c ies) 
Te l l i na (severa l spe c ies) 
I'JUCulCina gabb i (Gabb) 
Vo l sella  cow l i tzens i s  0fVeave r a nd Pa l me r )  
Ac i l a  dec i sa (Co nrad) 

Gastropods:  
Ampu l l i na  a nderson i  ( D i c ke rson) 
Acr i l l a  aragoens is  (Turner)  
F i cops i s cow l itzens i s  (Weaver) 
Exi  I ia cf .  i_. d i ckerson i  (Weave r) 

O LI GO C E N E  FOSS I LS 

S caphopods: 
De nta l i um sp . 

Foram i ni fe ra 

S hark tee th  

P l a nt fragme nts 

E u g e n e  ( l l l a h e )  F o r m a t i o n  

Pe l e cypods :  
Ac i l a  shumardi ( Do l l )  
So l e n  sp . 
P i tar  oregone ns i s  (Conrad ) 
�u l a na wash i ngtone ns i s  (Weave r}  
Sp i su l a  p i t tsburgensis C l ark 
Yo l d i a  oregona (Shumard)  
Te l l i na  e uge nia  Do l l 

Gastropods :  
Po l i n i ces cf. f. wash i ngtonens i s  (Weaver )  
Perse sp . i ndet . 
c;:;pidu l a sp . i ndet . 
Mo l opophorus da l l i  Anderso n  and Mart in  
B ruc l ark ia co l umbiana (A nderson and Marti n )  

F icus  modestus (Conrad) 
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Among those found are t he crab Rani noides , pe l ecypods , a l a rge spe c ies  of  
naut i l us ,  shartk teeth , sea urchi ns , fo rami n i fe ra ,  l eaf  i mpri nts , a nd pi ne 
cones . 

l l . E l l e nda l e  quarry 
Fossi l s of Eocene age have bee n found i n  the E l l e nda l e  basa l t  

q uarry . T he q ua rry i s  o n  E l l enda l e  road , 3 . 0  m i l e s west o f  the j unct ion i n  
north Da l l as  w i t h  State H i ghway 223 . Basa l t i c  rock o f t he S i l e tz R i ve r  
Vo l can i cs comprises most of t he mate r i a l  i n  t he q uarry , but a sed i me ntary 
bed of gr i t  conta i n i ng many broke n fossi l she l l s  is exposed over  a fa i r l y  
w i de area near the top of  the q uarry a nd i s  eas i l y  access i b l e from t h e  sout h 
s ide of the h i l l  i n to wh i c h  t he q ua rry i s  dug . Amo ng the fossi l s  t hat have 
bee n found are t he gastropods ( a lyptraea , T urr i te l l a ,  a nd t he ra re P l e u ro
tomar i a ;  t he pe l e cypods Barbat i a ,  Ostre a ,  and Pe cte n ;  seve ra l k i nds of  
brach i opods ;  and bryozoa . 

---

1 2 . Bue l l l i mestone qua rry l oca l i ty 
Foss i l s  of Eocene age a re abundant i n  the Bue l l l i mestone 

quarry 2 mi l e s west of Bue l l  on Sta te H i g hway 2 2 .  T he e ntrance to t he 
q ua rry is ma rked by a s i gn  a t  a gate on  the sou t h  s i de of the h i ghway . T he 
q ua rry (not ope rat i ng at present)  i s  v i s ib l e  about  l /8 mi l e  to t he southwest 
i n  t he bo ttom of  a va l l ey .  A l ayer of coqu i na composed of she l l s  and she l l  
fragme nts conta i ns Ost rea , L ima , a nd other mo l l usks . Ove r l y i ng t h i s  l ayer 
i s  a bed of  b l ack basa l t i c  gr i t  conta i n i ng l a rge rou nd foram i n i fe ra (eas i l y  
see n  w i t hout a hand l e ns) and brach i opods . 

F o s s i l s  T o  L o o k  F o r  

Pe l e cypods and gastropods are the most abunda nt  a nd the most var ied 
foss i l s in the m ari n e  format i ons of the  Sa l em -Da l las area . O ther  m ar i ne 

an ima I s  reported from these format ions are scaphopods , brach i opods , cepha

l opods , ech i noi ds,  cora l s ,  bryozoa , foram i n i fera , crabs , and sha rk  teeth . 

Fragments of poor ly preserved l eaves and wood are a bundant i n  the  Eocene 
strata . 

O nce i n  a wh i l e  bo nes a nd tee t h  of foss i l mamma l s ,  part i c u l ar l y  
mastodons ,  a re fou nd i n  t he P l e i stoce ne a n d  Re ce nt  sed ime nts of  t he Wi l l a m 
ette Va l l ey .  

T he names of  some of t he character i st i c  foss i l s  of  t he Eocene a nd 
O l i gocene mar i ne format ions i n  the Sa l em-Da l l as area a re l i sted be l ow ,  
a nd many add i t iona l foss i l s  a re l i sted i n  pub l i cat io ns c i ted a t  t he end o f 
t h i s  report . 
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S O ME TYPI C A L  EOCEN E FOSS I LS O F  TH E SALEM-D A LLAS AREA 

Ostrea 
(Pelecypod) 

� X 

Spatangus 
(Sea urch in) 

Crab 

Volse l l a  
(Pelecypod) 

Shark tooth 

Terebratu l i na 
(Brachiopod) 

Di scocy l i na 
(Foramin i fera) 

]Q X 

Ampu l l ina 
(Gastropod) 
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P leurotamaria 
(Gastropod) 

a X 



SOME TYPI C A L  O L I GOC EN E FOSS I LS OF  TH E SA LEM-DA LLAS AREA 

Spisu l a  
{Pe lecypod) 

Sal en 
{Pe l ecypod) 

� X 

Bruc larkia 
{Gastropod) 
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Aci la  
{Pe lecypod) 

Yaldia 
{Pe lecypod) 

F i cu s  
{G astropod) 
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R E PR I N TE D  (REV I S E D) FROM 
T he ORE B I N 
Vo l . 1 6 , No . 4, p .  2 1  to 26 
Apr i l 1 954 

FOS S I L  LOCA L I T I E S  OF  L I N COLN C O UNTY BEACH ES , OREGON 

By  Margaret l .  Steere * 

G e o l o g i c  P i c t u r e 

Many fossi l s  occur  i n  t he o l d  mar i ne sed i me nts wh i c h  form c l i ffs 
be h i nd the beaches of l i n co l n  County , Ore gon . Parti c u l a r l y  foss i l i fe rous 
i s  the Asto ria Format ion , wh i ch  crops out a l most cont i nuous l y  a long the 
coast from t he town of L i nco l n Beach sout h to Yaqui  no Bay . I ts a rea l 
d i s t r ibut ion i s  shown  as the shaded port ion  on the accompany ing  map , a nd 
i n  t h i s  l o ng ,  na rrow str ip  fossi l s  may be found i n  unweat hered road cuts as 
we l l  as a l ong t he beac h  c l i ffs . 

T he Astor ia Format ion is composed ch ie fl y  of b l ue -gray sandsto nes 
a nd sha l es t hat we re deposi ted d ur i ng m i dd l e  Miocene t ime , about 20 
mi l l ion  years ago , whe n  t he shore l i ne of  t he sea was  somewhat east of i t s  
p re sent posi t ion . T he name "Asto r i a  Format i on "  i s  app l ied to t hese Miocene 
sed iments i n  l i n co l n County because of  the i r  s im i l ar i ty to the type Astor ia  
Format ion  at Asto ria i n  C l atsop County , O re go n .  

S he l l s  of mo l l usks (see accompany i ng ske tches) are conce ntrated i n  
great  numbers i n  ce rta i n  l ayers o f  the Astor ia sed ime nts . Scattered t hrough  
t he format ion  are many l arge , ba l l - l ike  concre t ions  w hi c h  whe n sp l i t  ope n ,  
expose masses o f  fossi l she l l s .  O ccasiona l l y  concret ions  are found that  
conta i n  the fossi l bones of  wha l es and sea l i ons . 

O ve rl y i ng the Astor ia  Format ion  i n  many p l aces  a l ong the  coast a re 
t h i ck  deposi ts of brow n  and ye l l ow du ne sands o f  P i e  i s tocene o r Re cent 
ori g i n .  T hese nonfossi l i fe rous sands a re read i l y  d i sti ngu i shed from t he o l de r  
sandsto ne by  the i r  d i s t i nct i ve ye l l ow i s h  col or  and ge nera l l ack of co nso l i 
dation . 

Two other fossi 1 -beari ng format ions , o l de r  than the Astor ia , c rop 
o ut a l ong the shore of Yaqu i  no Bay . They i nc l ude t he gray Nye Mudstone 
o f  ear l y Miocene age and the ye l l ow ,  i ron-sta i ned sandsto nes of t he 
Yaqui na Format ion  of l ate O l i goce ne age . Foss i l she l l s  are scarce i n  the 
Nye Mudstone bu t  are numerous in the Yaqu i na Formati on . The  Yaqu ina  
Forma t ion a l so conta i ns foss i l  p l ant  fragments and coa l . 

* Geo log i s t ,  State of Oregon Departme nt of Geo l ogy a nd Mi nera l I ndu st r ies  
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F o s s i l L o c a l i t i e s 

F i ve of the best p l a ces  to fi nd fossi l s  a lo ng the Li n co l n  County 
beaches a re descr i bed be l ow and t he i r  l ocat i ons shown  on t he accompany
i ng map: 

1 .  Fogarty Creek Sta te Park 

U . S . H ig hway 1 0 1 crosse s Fogarty Creek 1 . 0 m i l e  south 
o f  the L i n co l n  Beach  Post  Offi ce . T he re i s  a park i ng space and 
p i c n i c  area on  the east s ide of the h i ghway , a nd a tra i l  l eads 
u nder the bridge d i re c t l y  out to t he beach . Foss i I s  and concre 
t ions conta i n i ng foss i l s  can be fou nd i n  the Astor ia  Format ion , 
w h i c h  forms t he c l i ffs a l ong the bea c h  bot h  nort h a nd south of  
the cree k .  

2 .  Depoe Bay 

T he fossi l i fe rous Astor ia  Format ion crops ou t  in the h i gh  
c l i ff a t  the north end o f  t he  sma l l i n ne r  bay , east of t he h i gh
way  br idge . T he l oca l i ty i s  eas i l y  reac hed by  way o f  a road 
w h i c h  fo l l ows aro und the nort h e nd of  t hi s  bay to t he Coast 
Guard Stat ion  at wate r l eve l . T he base o f  t he c l i ff ca n be 
reached at l ow t i de . 

3 .  Otte r  Rock 

Fossi l s  ca n be found in the sea c l i ffs be l ow Dev i l s  Punch  
Bow l State Park , wh ich  is 0 . 4  mi l e  west of  t he h ighway at Ot te r  
Rock . A good foot trai  I l eads down to the beach from t he south 
east corner of  t he park . Bu ff-co l ored sandstone , w h i c h  forms 
t he h igh  c l i ffs of  the po i nt ,  y i e l ds a few fossi l s .  T he b l ue -gray 
Astor ia  Format ion , conta i n i ng on l y  a few fossi l s  at th i s  parti c u l a r  
l oca l i ty ,  crops out  at t he  foot of t he  t ra i l  a nd  i s  cont i n uous , a nd 
l oca l l y very foss i l i fe rous , as fa r as Yagu i na H ead , 5 m i l e s  to the 
sout h .  

4 .  Beve r l y  Beach  State Park 

Many we I I  -prese rved foss i Is and concret ions conta i n i n g  fossi I s  
can  be found  i n  the l ow sea c l i ffs a t  Beve r l y  Beach State Park . 
T he park is on Spe ncer C reek 6 m i l es sout h of Depoe Bay . 
Campi n g ,  p i c n i c , and  park i ng areas I i e  east of t he h i ghway , 
a nd from t hem a tra i l  l eads under Spencer C reek br idge a nd out  
to the beach , The  sea  c l i ffs here and for t he next 4 m i l e s  so uth 
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are composed of fossi l i fe rous  Astor ia  sandstone ; t h i s  same rock 
i s  somet i mes exposed on the fl oor of the beac h ,  especi a l l y dur i ng 
the wi nter whe n storms sweep away t he sa nd . Va ri ous turnouts 
a l ong U . S . H i ghway 1 0 1 south of Be ve r l y  Beach  State Park a l so 
prov ide access to the beac h  a rea and foss i l  beds . 

5 .  Yaqu i na Bay 

Road cuts i n  c l i ffs a l o ng t he north shore of  Y aq u i na Bay 
expose t hi n  beds of Nye Mudstone w ith  th icker  l ayers o f very 
hard ,  l i g ht -co l ored concret ions . F i s h  sca l es and ve rtebrae and 
sma l l mo l l usks ca n be found in t he m udsto ne in a se r ies  of  ou t
c rops a l o ng the  Yaq u i na Bay  road betwee n  1 and 2 mi l e s east of  
N ewport . 

At the east e nd of Yaq ui na Bay , begi n n i ng about 4 m i l e s  
from N ewport , fossi l mo l l usks are numerous i n  certa i n  p l a ces i n  
ye l l ow sandstone o f  t he Yaq u i na Format ion . An  out crop j ust 
north of the Yaqu i na store ha s been  product ive in the past . A 
road cut 1 . 7 m i l es beyond t he sto re , at ri ver  l ight  N o . 25 , 
co nta i ns foss i l l ea f  i mpr i nts i n  westward d i pp i ng cream -co l ored 
sa ndstone . An  unde r l y i ng carbonaceous l aye r of  sha l e  co nta i ns 
fossi I wood • 

N a m e s  o f  t h e F o s s i l s  

When a pa l eonto log ist di scovers a new foss i l ,  h e  g ives i t  th ree names ,  
two of wh i ch are G reek or Lat i n ,  the th i rd h i s ow n  nam e . For i nstance ,  a 
certa i n  m o l l usk wh i ch i s  very a bu ndan t  a long th e L inco l n  County beaches 
has  been nam ed " Anadara dev i n c ta Conrad . "  T h e  f i rst nam e ,  Anada ra , 
i s  th e genus,  denot i ng  a group  of fossi I s  a l l  m em bers of w h i ch l ook  some
th i ng a l i ke .  N ext comes th e spec i es name ,  dev i ncta , w h i ch d i fferen 
t iates t he foss i l  from a l l others of that genus . And l ast i s  the name of t he 
pa l eonto l og i st h imse l f -- i n  thi s  case , C onrad . After a descrip t ion  of the 
spec ie s  has bee n pub l i shed , t he name is adopted i nte rnat iona l l y . 

T he amate ur foss i l  hunter w i l l  fi nd that it i s  ve ry d i ffi c u l t  to te l l  o ne 
spe c ies  from anot her ,  but that i t  i s  fa i r l y  easy to i de nt i fy the ge nus of a 
we 1 1 -prese rved spec imen  by carefu l l y  compari ng i t  to pi c tu res and desc r ip
t i on s  i n  t he l i terature . 

Fossi l s  wh i c h  are fo und i n  greatest abundance a lo ng t he L i n co l n  
County beaches a re t he mo l l usks . Mo l l usks are a l arge fam i l y of a n ima l s  
havi ng prote cti ve she l l s ,  the most common types bei ng pe l ecypods a nd gas
t ropods . These two important groups a re eas i l y  d i ffe rent iated :  pe l ecypods 
have two she l l s  and re semb le  c l ams ;  gastropods have o ne coi l ed  she l l and 
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resemb l e  sna i l s . At l e ast 60 spe c ie s  of foss i l mo l l usks (pe l e cypods a nd 
gastropods i n  approx i mate ly  eq ua l  numbers) have bee n found i n  t he Astor ia  
Format ion  i n  L i nco l n County and more than ha l f  that  number  in  t he Yaq u i na 
Format ion . A l l of t hese spec ie s  have bee n  descri bed and most of t hem 
i l l ustrated in  the l i terature (see b i b l iography ) .  

T h e  nam es l i sted be low represent on ly a few o f  th e many spec i es o f  
pe l ecypods a n d  gastropods characteri s t i c  of  th e Astor ia  a n d  Yaqu i  no Forma
t ions . Some of  t he se  foss i  I s  a re  show n  i n  th e accompanyi ng sketch es . 

As to r ia Format ion Yaq u i na Format ion  

Pe l e cypods :  

Ac i l a  conrad i Meek 

Anadara devi ncta C onrad 

Marc ia angusti frons (Conrad) 

Pecten propatu l  us Conrad 

Gastropods :  

B ruc la rk ia  oregonens i s  (Conrad) 

F i cus modestus C onrad 

Nat ica oregone nsi s (C onrad ) 

Turr i te l l a  oregonens i s  Conrad 

Pe l e cypods : 

Ac i l a  shumord i  Do l l  

Nemocard ium l i nco l ne ns i s  
Weaver 

Ma croca l l  i sta p i ttsburgens i s  
Do l l  

T hrac ia  co ndon i  Do l l  

Gastropods :  

Bruc l a rk ia co l umbi ana 
(Anderson and Mart i n )  

Fus i nus  l i nco l ne ns i s  
-weaver 
C a l yptraea mammi l l ar i s  

B roder ip 

For many years foss i l hunters , both amateur and profess iona l , have 
bee n fi ndi ng foss i l  bones of  mari ne mamma l s  in the outcrops of the Astor ia  
Format ion  a l ong the L i nco l n  County beaches . Most of  t he bones have bee n 
i dent i fied as be l o ng ing  to p i nn ipeds (sea l s  and wa l ruses) , cetaceans (w ha l e s ) ,  
and s i ren ion s  (sea cows ) .  T he major i ty of the fi nds hove been separate parts 
of  ske l etons , su ch  as  sku l l s ,  jaw bone s ,  and ve rtebrae . More ra re l y  i s  on 
e nt i re ske l eton d i scove red . The best pre served spec ime ns ore genera l l y  
found i n  the hard sandsto ne concret ions . Among the  mamma l s  i de nt i fied 
from the Asto r ia Forma ti on o re the fo l l ow i ng :  

5 i ren ia ns (sea cows) 
D esmosty lus  cymot ios  H an n i ba l  
D esmosty lus  h esperu s Marsh (ext i nct speci es) 

220 



P i n n i peds (sea l s  and wa l ru ses) 
D esmatophoca oregonens is  Condon 

Cetaceans (wha l es) 
Coph ocetus oregonensi s Pac kard and Ke l l ogg 

Remai ns of othe r vertebrate dwe l l ers in the Mioce ne sea , wh i c h  hove 
bee n found in the Asto r ia  Format i o n ,  i nc l ude a ve ry I orge turt l e  sku l l , 
fi sh  ve rtebrae , a nd shark teeth . 
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FOSS I L  LOCA L I T I ES I N  TH E COO S BAY AREA , O R E G O N  

By Margaret L .  S teere 
Geo l og i st , S tate Department of Geol ogy and Mi nera l I ndustr i es 

I n t r o d u c t i o n  

Foss i l she l l s  are abundant i n  the sed imentary roc ks of the Coos Bay area . 
Good foss i l spec imens are most l i ke l y  to be found  where sed imen tary roc ks 
are fresh l y  exposed , such as i n  recent unweath ered road cu ts or a t the base 
of c l i ffs a l ong the coast and the bay where wave act ion is constan t l y  u n 
cover i ng new mater ia l .  Ten easi l y  accessi b l e  foss i l l oca l i t i es are descr i bed 
in  the fo l l ow i ng text and the i r  locat ion  show n on th e accompanyi ng map . 
Loca l i t i es a l ong th e water ' s  edge can genera l l y be reach ed on l y  a t  l ow t ide . 

G e o l o g i c  P i c t u r e  

Th e Coos Bay area i s  under l a i n by a very th i c k  sequence of sedi men ts , 
c h i efl y of Eocene age , l a i d  dow n m i l l ions  of years ago i n  th e env i ronment 
of a f l uctuat i ng sea w h ere deposi t ion was in part mar i ne and in part con t i 
nenta l . 

Th e sed i men ts were l ater fo l ded i nto a l arge , basi n - l i ke trough h av i ng 
l esser fo l ds w i th i n  i ts genera l struc ture . Even though th ese fo l ded rocks 
have l ong s i nce been beve l ed by eros ion , th e a nc i en t  s truc ture i s  st i l l  ap
parent , espec ia l ly a l ong the coast  between Cape Arago State Par k and Yo 
kam Po i n t  wh ere th e u ptu rned edges of th e harder strata crop out  i n  para l l e l 
r i dges . 

W i th i n  the sequence of sed i ments i n  the Coos Bay area , a nu mber of 
format ions  have been recogn i zed and named , but  the most extensi ve is the 
Coa l edo Format ion of Eocene age , wh i ch i s  be l i eved to be at l east 6 , 000 
feet th i c k . I t  crops out i n  many p l a ces in th e area and i n  some sec t ions 
has an abundance  of foss i l mar i n e  she l l s .  Th e Coa l edo Format ion  conta i ns ,  
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a l so , p l a n t  rema i ns i n  th e w i de -spread coa l beds , bu t th e i denti ty of th e 
p l a n ts has been l arge l y  l ost and consequen t l y  the coa l beds do not usua l l y 
make good foss i l h u n ti ng grounds . 

Over l yi ng the tru ncated fo l ds of the o l der strata is a deposi t of th i c k
bedded , brow n sandstone ca l l ed th e Emp i re Formation .  Th i s  formati on  i s  
l i m i ted t o  th e South S l ough bas i n a nd represents a l oca l  i n undati on  o f  th e 
sea du r i ng P l i ocene t ime . W i th i n  the Empire sandstone  i s  a l oca l  l ens of  
foss i l cong lomerate , ca l l ed the Coos Cong l omerate , composed of myriads 
of  she l l s  ceme nted togeth er . Th i s  very fossi l i ferous l ens crops ou t  a t  the 
water ' s edge near Foss i l Poi n t ,  abou t ha l f  way between Empi re  and Char l es
ton . Bes i des a great var i e ty of  fossi l she l l s ,  th e Empi re Format ion ha s y i e l ded 
a nu mber of bones of  P l i ocene mar i ne mamma l s . 

D e s c r i p t i o n s o f  F o s s i l L o c a l i t i e s * 

1 . Cape Arago S ta te Park . Cape Arago S tate Park i s  on the coasta l 
h ead l and sou thwest of Coos Bay , abou t  1 5  mi l es from U . S .  H i ghway 1 0 1 , 
and i s  reach ed from e i th er North Bend or Coos Bay v i a  Empi re and Char l es
ton on a good,  surfaced road . At th e  park , tra i I s  l ead dow n the c l i ffs to 
the narrow beaches at th e base of the th ree coves (South , Midd l e ,  and 
North ) . The bedrock wh i ch forms the c l i ffs i s  th e Coa l edo sandstone of Eo
cene age . At Midd l e  Cove , l arge bou l ders fi l l ed wi th Eocene fossi l s  l i e  
a l ong the beach . I n  these bou l ders and i n  th e  ou tcroppi ng Coa l edo sand
s tone and cong l omerate exposed at  l ow t ide , one  can fi nd many spec i es of 
gastropods and pe l ecypods and ,  occas iona l l y ,  foss i l i zed crabs and sand do l 
l ars . Fossi l crabs are genera l l y i ns ide  h ard , l i my concreti ons . 

2 .  Sunset Bay . Sunset Bay i s  2� mi l es by road northeast of Arago S tate 
Park ,  or  1 1  m i l es from H i ghway 1 0 1 . Th e road ski rts the l a ndward end of  
the bay , and a park i ng area i s  s i tuated c l ose to  th e water ' s  edge . At  l ow 
t ide fossi l sh e l l s  can be easi l y  fou nd i n  th e steep Coa l edo sandstone  c l i ffs 
wh i ch form the nor th and sou th wa l l s of the bay . 

3 .  Yokam Po i nt .  Yokam Po i n t ,  somet imes ca l l ed Musse l Reef, i s a 
promontory a t  th e w est  end of Bastendorff Beach , abau t 1 mi I e east of Sunset 
Bay and 1 0  mi l es from H i ghway 1 0 1 . At th i s  l oca l i ty ,  th e Coa l edo beds are 
a l most verti ca l , and the more resi stant sandstone  l ayers jut out  i n to the 
ocean as reefs conta i n i ng h i gh l y  fossi l i ferous l enses . Th e road passes c l ose 
to the po i nt ,  and at  l ow tide the reefs can be reached from var ious  trai l s  
l ead ing  down to th e beach . 

* Numbers correspond to l oca l i ty numbers on  map . 
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4 .  Foss i l Poi n t .  Fossi l Poi n t ,  a we l l -known  p ioneer l a ndmar k ,  j u ts ou t 
from th e east shore of Coos Bay , 1 . 6 mi l es by road north of the east end of 
the Sou th S l ough bridge ,  or 3 . 2 m i l es south of th e ri gh t-ang l e  turn  i n  th e 
h i ghway a t  Emp i re . 

Fossi I Po i n t  i s  composed of massi ve ,  brown sandstone of th e Empi re For
mation . Many speci es of P l iocene mo l l usks occur in th e sandstone,  bu t of 
parti cu l ar promi nence are the  l arge and we l l -preserved pectens . Sku l l s 
and oth er bones of Pl i ocene wha l es and  sea l ions  are someti mes found h ere . 
The Empire sandstone forms a cont i nuous l edge wh i ch  may be fo l l owed a t  
l ow t ide a long the shore for about  ha l f  a mi l e  to  the  sou th . Th e l edge ter
mi nates i n  a deep-water recess the sou th wa l l  of w h i c h  i s  formed by the Coos 
Cong lomerate that  pro j ec ts i nto th e bay . Foss i l sh e l l s  i n  th i s  cong l omerate 
are so numerous and so fi rm l y  cemented together tha t  ex tract ion  of  s i ng l e  
spec i mens i s  di ff icu I t .  

The  l oca l i ty i s  no t so easi l y  accessi b l e  as i n  th e pas t ,  for the narrow 
str i p  of l a nd between the h i ghway and the  shore i s  now l arge l y  pr i vate prop
erty . The ou tcrop of Coos Cong lomerate may be reached a t  l ow t ide by fo l 
l ow i ng th e beach north from th e east end of th e South S l ough br i dge for a 
d i stance of abou t 1 mi l e .  Foss i l Po i n t  may be reached at l ow t ide from the 
sma l l  bay at the north end of th e poi n t  where th e h i ghway comes c lose to 
the water ' s  edge , 3 . 1  mi l es sou th of the r igh t-ang l e  turn of th e h i ghway i n  
Empire . 

5 . G l asgow Poi n t .  G l asgow Po i nt i s  a head l and across th e bay from 
North Bend and sou th east of th e town of G l asgow . I t  i s  reach ed from th e 
north end of the Coos Bay br i dge  by fo l l ow i ng a su rfaced road east th rough 
G l asgow for 2 .  5 m i le s  to th e edge of Ken tuc k  S l ough . From h ere one can 
wa l k  bac k a l ong th e shore for abou t � mi l e  to G l asgow Poi n t  and con ti nue 
northwest for a shor t  d i stance a l ong th e base of th e h i gh c l i ff .  Large sand
stone  bou l ders of th e Coa l edo Format ion l i e a l ong th e shore benea th the 
c l i ff from wh i ch th ey ori g i na l l y  came . Many of  th e bou l ders contai n l ay
ers  pac ked w i th we l l -preserved fossi I s such as the corkscrew gastropod 
Turr i te l l a  and numerous  pe l ecypods . 

6 .  Catch i ng  S lough . A fossi l i ferous  zone i n  the Coa l edo Format ion i s  
exposed i n  th e c l i ff besi de the Coos R i ver road near the west end o f  the 
bri dge wh i ch crosses th e mou th of Catch i ng S l ough . Th e l oca l i ty i s  1 . 0 
mi l e  east of the r igh t-ang l e  turn of th e h i ghway i n  Easts i de . Sma l l  Eocene 
fossi l she l l s  occur  in narrow bands in the bedrock  of  the c l i ff . 

7 .  Green Acres . Loca l i ty 7 n ear Green Acres a nd Loca l i ty 8 near 
Ch i na Creek are o n l y  two of a number of fossi l i ferou s exposures of th e Coa l 
edo Formati on  i n  road cu ts th rough h i l l s a l ong U . S .  H i ghway 1 0 1 between 
Coos Bay and Coqu i l l e .  Cu ts th rough soft rock are w ea th ered and s l u mped , 
but  those through h arder s trata expose verti ca l  sec t ions  of sandstone  and 
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she I es, many of wh ich  are fossi I bear i ng .  
The Green Acres loca l i ty i s  on H i ghway 1 0 1 near the si gn  poi nt i ng 

east to Green Acres , 8 m i l es sou th of  th e j u nct ion in Bu nker H i l l  of H igh
way  1 0 1 and th e Coos Ri ver Road . A l arge road cu t  i n  th e h i l l s i de bes i de 
th e h i ghway exposes severa l th i c k  bands of fossi l sh e l l s  in gray Coa l edo 
sha l e .  

8 .  Ch i n a  Creek .  Th e l o ca l i ty i s  a l ong road cut  i n  a l ow h i l l  j ust east 
of C h i na Creek . I t  is 5 . 3 m i l es south east of  th e Green Acres l oca l i ty and 
3 . 5  mi l es northwes t of th e j u nct ion  i n  Coqu i l l e  of U . S .  H i ghway 1 0 1 and  
State H i ghway 42 . I n  the cu t ,  sha l es and sandstones of the  Coa l edo Forma 
t ion  d i p  at a l ow ang l e  to th e w est . Eocene fossi l s  occur  i n  th i n  bands a t  
severa l hor i zons . 

9 .  Fat E l k Road . A th i c k  sec ti on of dense gray sha l e  i n  th e Coa l edo 
Forma t ion crops ou t on th e south s i de of H i ghway 1 0 1 , 0 . 1 mi l e  west of the 
i n tersect ion  of Fat E l k Road ,  and  2 . 5  m i l es west  of th e bri dge w h i ch crosses 
the Coqu i l l e R iver at Coqu i l l e .  Fossi l s  are abundant bu t break easi l y .  Th i s 
roc k was quarr i ed a nd used to bu i l d  u p  th e shou l ders of the h i ghway between 
Fat E l k  Creek and Coqu i l l e ,  and  the l arge b l o cks of roc k on e i th er s i de of 
the h i ghway in  th i s  sec ti on conta i n  many fossi l s .  

1 0 . Nor th End of Cau seway . The Coa l edo Forma t ion crops ou t i n  road 
cuts i n  th e head l and at  th e north end of the new causeway l ead ing  from 
Coos Bay bri dge across H aynes I n l e t .  As th i s  por t ion  of th e h i ghway was 
not comp l eted a t  th e t i me the fi e l d  i nvest igat ions were made , th i s  l oca l i ty 
was not v i si ted by the wr i ter , but  i t  i s  l i ke l y  that  foss i l s  are present i n  the 
fresh exposu res of  sha l e  a t th i s l oca l i ty .  

F o s s i l s  t o  L o o k F o r  

Pe l ecypods (c l am sh e l l s ) and gastropods (sna i  I sh e l l s ) are the most abu n 
dant  o f  th e mar i ne i nvertebra tes i n  th e Coos Bay area a n d  occur  i n  great va 
r i e ty; there are abou t 35 spec i es of each i n  the Coa l edo Format ion and  abou t 
50 spec i es of each i n  th e Empi re Format ion . O th er mar i ne i nvertebra tes , 
su ch as scaphopods (tooth sh e l l s ) ,  ech i no i ds (sand do l l ars ) ,  and crustaceans 
(cra bs) , are not as common and are l i m i ted to one or two spec i es each . 

Vertebrate an i ma l s  a l so l i ved i n  th e  Eoc ene and Pl i ocene seas . Fossi l 
i zed f i sh ver tebrae and shark teeth of Eoc ene age are somet i mes fou nd i n  
the Coa l edo beds . I n  th e Emp i re  Format ion , foss i l bones of Pl i ocene mari ne 
mamma l s  are not uncommon . The sku l l  of an  immense sea l i on ( Ponto l i s  
magnus True) was d i scovered many years ago near Foss i l  Po i n t by a resi dent 
of  Emp i re ,  and s i nce  that  t i me a nu mber of bones of un i dent i f i ed spec ies  of 
sea l i ons and wha l es h ave been fou nd in the P l i ocene sandstone .  

Names ,  descr i pt ions , and i l l u stra ti ons of  the foss i l s  ch arac ter i s t i c of 
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th e var ious  sedi men tary format ions i n  the Coos Bay area are g i ven by Da l l ,  
How e ,  Turner , Weaver , and oth ers (see b i b  I iography ) . 

B i b l i o g r a p h y 

A l l en ,  Joh n E . ,  and  Ba l dw i n ,  Ewart M . , 1 944, Geo logy and coa l resources 
of th e Coos Bay quadrang l e ,  Oregon :  Oregon Dept . G eo l ogy a nd Mi n 
era l I ndustr i es Bu l l . 27 . 

Cush ma n ,  Joseph A . ,  and Schenc k ,  H ubert G . , 1 928 , Two foram i n i fera l 
faunu l es from the Oregon Tert i ary :  Ca l i f .  Un i v . Dept . G eo l . Sc i . 
Bu I I  . , vo l  . 1 7 , no . 9 .  

Cu shman ,  J .  A . , S tewar t ,  R .  E . ,  and S tewar t ,  K .  C . ,  1 947, Upper Coa l 
edo (upper Eoc ene)  foram i n i fera from Yokam Poi n t ,  Coos Cou nty , Ore
gon :  Oregon Dept . Geo l ogy and Mine ra l  I ndu stri es Bu l l .  36 , part 3 .  

1 947, Lower Coa l edo (upper Eocene)  fora m i n i fera from Sun
set Bay , Coos Cou nty ,  Oregon :  Oregon Dept . Geo logy and Mi nera l  
I n dus tr i es Bu l l .  36 , pa r t  4 .  

Da l l ,  Wi l l i am  H . ,  1 909 , Th e Miocene o f  Astor ia  and Coo s Bay ,  Oregon :  
U . S . Geol  • Survey Pro f .  Paper 59 . 

Det l i ng ,  Mi l dred R " '  1 946 ,  Foram i ni fera of th e Coos Bay l ower Terti ary , 
Coos County ,  Oregon :  J our . Pa l eon to l ogy , vo l . 20, no . 4 ,  J u l y  1 946 . 

D i l l er ,  J oseph S . ,  1 90 1 , Desc r i pt ion of the  Coos Bay quadrang l e : U . S .  
Geo l . Survey Geo l . At l as 73 , Coos Bay Fo l i o . 

Du nca n ,  Dona l d  C . ,  1 953, Geol ogy and coa l  depos i ts i n  part of th e Coos 
Bay coa l fi e l d ,  Oregon :  U . S .  G eo l . Survey Bu l l .  982-B . 

Grosvenor , Edward R .  1 1 934 , Geo log i ca l  report on  a sect ion of Tert iary 
sedi ments a t  Coos Bay ,  Oregon :  Wash . Un i v . bach e l or ' s  th esi s .  

H ow e ,  Henry V . , 1 922, Fau na l and stra t i graph i c  r e l a ti onsh i ps of th e Em
p i re  Format ion , Coos Bay , Oregon :  Ca l i f .  U n i v .  Dept . Geo l . Sc i . 
Bu l l . ,  vo l . 1 4 ,  no . 3 ,  1 922 . 

J ames , E l l en L . , 1 950, A new Miocene mar i n e  i nvertebra te fauna  from 
Coos Bay ,  Oregon :  Oregon U n i v .  master ' s  th esi s .  

Schenc k ,  H u bert  G . ,  1 927, Mar i ne O l i gocene of Oregon : Ca l i f .  U ni v . 
Dept . G eo l . Sc i . Bu l l . ,  vo l . 1 6 ,  no . 1 2 . 

---..,,....--�' 1 928 , S trat i graph i c  r e l a t ions  of western  Oregon O l i gocene 
formations :  Ca l i f .  Un i v . Dept . Geo l . S e i . Bu l l . , vo l .  1 8 , no . 1 .  

Shotwe l l ,  J .  Arno l d ,  1 95 1 , A foss i l sea l ion  from Fossi l Po i n t ,  O regon 
(abst . ) : Oregon Acad . Sc i . Proc . ,  vo l . 2, p .  97 .  

Turner 1 F .  E . ,  1 938 , Stra t i graphy and mo l l u sca of  th e Eocene of western 
Oregon :  Geo l . Soc . Am . Spec . Paper 1 0 .  

Vance ,  A l bert D . ,  1 938 , Amateur geo l og i s t  a t Coos Bay: Geo l . Soc . 
Oregon Cou ntry News  Letter , vo l .  4 ,  no . 20 , p .  224-226 , Oc t . 1 938 . 

Weaver , Char l es E . ,  1 942,  Pa l eon to l ogy of the mar i ne Tert iary format ions 
of  Oregon and Wash i ng ton : Wash . Un i v .  Pub .  in  Geo l . ,  v .  5 ,  pts . 1 -3 .  

----=--·' 1 945 , S trat i graph y a nd pa l eon to l ogy of th e Terti ary format ions 
a t  Coos Bay ,  Oregon :  Wash . Un i v . Pu b .  i n  Geo l . ,  v .  6, no . 2 .  

227 


