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FAbstract: During [Zocene time a volcanic field wa

Existed since mid-Cretaceous in the region from centra
i?ﬁfprcst recovered from the higher parts of the axis imp!
&%ﬁimcmral evidence suggests that locally some peaks may have been 2000 ft higher, T
" appearance of conifer-deciduous hardwood forest, mixed deciduous hardwood forest. and ever-
¢ and west of the central axis indicates lower altitudes and

. Cross-collapse of the axis at the site of the Snake River Plain probabl
“Oligocenc because the basin was present by Miocene time, This is shown by Miocene tioras from
 the trough that represent deciduous hardwood forest, whereas thosc on its
¥ hardwood forest, indicating higher altitudes and cooler climates there.
The Snake River hasin appears to be a tensional rift that widened and deepened as the Idaho
batholith drifted northward (Hamilton and Myers, 1966).
initiated collapse of the Cretaccous-Focene divide during Oligocene time and has continued down
 to the present, was accompaimed by uplift of the bordering highlands of approximately one
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INTRODUCTION

The Snake River basin is an arcuate trough
400 miles long and 100 to 150 miles wide that
stretches across southern Idaho from Wyoming
into eastern Oregon (Fig. 1). The central part
of the basin, the Snake River Plain, has an
altitude near 6000 ft in the east and 2100 ft in
the west, and lies from 5000 to 6000 fr below
the bordering highlands. These include the
highest ranges in the region, most with peaks
exceeding 11,000 ft in altitude, Since the Snake
River Plain represents a major tectonic depres-
sion, considerable information has been assem-
bled cancerning it. Nonetheless, two important
general questions relating to its history remain

unanswered: When did the basin come into
existence? What was the general altitude and
topography of the region prior to subsidence?
Provisional answers 10 these questions are
suggested by the altitudinal relations of Eocene
and Miocene floras preserved in sedimentary
rocks associated with volcanic sequences ex-
posed in and around the Snake River basin.
Prior to discussing them, we should recall cer-
tain salient geologic features of the region that
relate to an interpretation of its carly history.
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TasrLe 1.

Forest Zoxes axD CLIMATES REPRESENTED BY SOME ELOCENE AND

Miocene FLoras oF THE Sxake River Basin axp Borpering Reciox

Climate
ET®
Forest Zones Eocene Floras Miocene Floras Type 50.0°F
Subalpine conifer Upper Bull Run cold
Bullion Gulch temperate
Thunder Mt. (4n Trapper Cr.)
529°F —
Lower Bull Run  Trapper Cr.
Conifer-deciduous Copper Basin Trout Cr. cool
hardwood Coal Creck Blue Mts, temperate
Salmon Thorn Cr.
5435°%F —
Germer Mascal
Mixed-deciduous Yellowstane Sunking Water mild
hardwood Lower Cedarville  Succor Cr. temperate
Horseshoe Bend
Latah-Grand Coulee
59.9°F ~
Broadleaved Clarno
evergreen forest  Tipperary not present? warm
) Comstock temperate
Chalk Bluffs
64.4°F —
Tropical rainforest  not in region not in region tropical

and savanna

*ET = Effective temperature (see text; also Bailey, 1960).
T A few relicts of the forest (Exbucklandia, Machilis, Persea, Magrolia, and so on) were
present on the outer coast, extending up major valleys,

Mt., Bullion Gulch) represent subalpine conifer
forests like those that occur today in arcas with
cold temperate climate. Similarly, some Mio-
cene floras (Succor Creek, Horseshoe Bend) are
mixed deciduous hardwood forests; others rep-
resent conifer-hardwood forests (Trout Creek,
Thorn Creek, Blue Mountains); and one (Trap-
per Creek) lived marginal to subalpine conifer
forest and cold temperate climate.

The co-existence of markedly different, vet
essentially contemporancous forests in this re-
gion during Eocene and Miocene times was the
result of climatic zonation: the forests that re-
quired cooler climate must have lived at
higher levels. Forest zonation similar to that
shown by Locene floras occurs today in the
mountainous sections of southern China and
southeastern Mexico. The Miocene floras re-
semble forest zones in the castern and western
United States, central-to-northern Japan, and
the Yangtze Basin, The climatic conditions un-
der which these comparable living forests occur
provide a basis for estimating the altitudes at
which the Eocene and Miocene forests lived,
and thus afford a means for reconstructing the
topographic history of the Snake River basin.

DETERMINATION OF ALTITUDE

The altitudes at which Tertiary floras lived
may be estimated from the temperature condi-
tions under which similar forests occur today.
The temperature requirements of forests should
be appraised in terms of effective temperature
(ET) and equability (M).

Effective temperature is a measure of the
warmth and duration of summer (Bailey,
1960). It is determined from the mean temper-
atures (°F) of the warmest month (M) and
the coldest month (CM), cither by nomogram
or by the equation:

64.4 H'M - 50.0 CM
WM — CM + 144

‘ET 64.4° F markg the edge of tropical climate,
where all months of the year have a mean
temperature above 64.4° F. The margin of
polar climate coincides with ET 50° F, where
no month hasa mean temperawre above 50° F.
Between them, where ET is 57.2° F (14° C),
there are six months (163 days) in which mean
temperatures are above 57.2° I, Figure 2 shows
the IXT (radii) of stations at the margin of

ET =
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tropical climate (ET 64.4° F), a1
cold temperate climate (ET 5.
some with an intermediate (ET ©
The stations have been selected -
with the same ET occur at differ
the radii (ET lines), with those f::
right having a greater range of
perature. This is, in part, an expi
cquability (M) of climate.
Equability (or temperatenes:
thermal regime in terms of its de:
ET 57.2° F, which is midw
ET 64.4° F and ET 50° F,
approximately the mean  ten
the earth’s surface (Bailey, 19¢
climate that has a uniform te
57.2° F has an idecal rating of M
annual temperaturc is warmer o1
57.2° F, or if seasonal fluctuation
the departure from M 100 is in
scale (arcs) of lower values (M 90
as equability decreases, Figure 2 4l
equability lines form arcs nearly 1
ET lines, with stations of the san
at different points along the radii
ing to their A values (read from
The temperature conditions
forests live can be expressed in ter
Af (sec Axelrod, 1965, Figs. 4-
shows the ET and M for static
some representative forests (stat
Appendix). The fossil floras of the
basin and border areas that resen
assumed to have had generally
quirements. However, the forme
the climates of higher equability
parently were more widespread i
than todav. Smaller range of ans
ture, and hence higher M (see ¥
would have resulted from general
tinents, from the absence of cont
topographic barriers like the Alpi
American Cordillera, and from t
treme climates of broad extent:
tundra, steppe, and desert clim.
yet in existence over the lowland
The areas where the Tertiary {l
da, Idaho, and bordering regio
nearest living analogues best deve
climates of high equability (A
pp- 54-59; 1965, Fig. 8), chiefly
implying an essential absence of {
dotted lines, Fig. 3). The role of
controlling forest composition
trated by comparing the forests
United States and central Japan
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evergreen trees are very rare at Washington,
D. C, where ET is 56.7° F; yet at Tokyo—
which is at the same latitude and also has ET
56.7—they are abundant. The difference prob-
ably is due to the lower equability at Washing-
ton (M 49.7), as compared with Tokyo (M
53.8). This is inferred from the greater total
number of hours of freezing at Washington
(7456 hours in the period 1951-1960) as con-
trasted with the number at Tokyo (4599 hours
in the same period), and during this decade
Washington had 10,334 hours with tem-
perature above 80° F as compared with 5683
hours at Tokyo (Bailey, 1967). In the eastern
United States, forests comparable to those near
Tokyo occur well to the south (in Georgia and
South Carolina); yet the forests there arc not as
rich in species or in life forms as those near
Tokyo, even though the climate is considerably
warmer (ET 59 to 60° F).

Owing to greater equability, Tertiary forests
were able to live under lower ET than they
do today in most areas of their distribution, a
relation still present in relict areas characterized
by high M. For example, the evergreen broad-
leaved forest in the uplands of southern China
(Wang, 1961, Chap. VI, Table 14) thrivesunder
an equability near M 63, and ET is compara-
tively low (as, ET'57.5 to 58.2° F, at Kunming
and Tengchung: Fig. 4). But where the forest
occurs in the lowlands, ET is near 59.5° F and
Mislower (as, M 47 to 48 at Kweilin, Chanting,
and Wenchow: Fig. 4). The importance of
cquability also becomes apparent if the forest
at New Orleans (ET 61.4° F) is compared with
that at Huauchinango, Mexico (ET 58.4° F).
Whereas only a few broadleaved evergreens
contribute to the forest at New Orleans, they
dominate it at Iluauchinango, where there are
also many of the same deciduous hardwoods
that occur at New Orleans (Miranda and
Sharp, 1950). Even though ET is 3° F lower,
the forest at Huauchinango has a decidedly
tropical aspect as compared with that at New
Orleans. The relation is due to the higher equa-
bility at Huauchinango (M 69) than at New
Odeans (M 49). Freezing is essentially un-
known at Huauchinango, but it occurs regu-
larly at New Orleans, and extreme low temper-
atures there dip to 4° F (see Fig. 4).

The relation is further emphasized if we com-
pare the temperature data for New Orleans
with that in two other areas with similar ET
but with very different vegetation. As shown
in Figure 4, stations (Orizaba, Huatusco, Jala-

i : i
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Chodung Weninow
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Figure 4. Illustration of changing relations of
effective temperature (ET) of forests in regions
with different equability (M); the higher the M,
the lower the ET (sce text),

pa) on the eastern escarpment (altitude 4000
to 5000 ft) of southern Mexico and along the
south China coast (Canton, Swatow, Yunning)
near sea level are located in evergreen broad-
leaved forest. The tropical aspect of this forest
as compared with the dominantly deciduous
forest at New Orleans results chiefly from the
more scvere cold that affected the Gulf Coast
area in the later Cenozoic. It eliminated numer-
ous broadleaved evergreens from the forest
there, and its continuing presence militates
against their re-establishment in the region.
It 1s apparent that basing reconstructions of
Terniary climate or altitude on temperatures
for the Gulf Coast area would be highly mis-
leading. As for climate, the Gulf Coast arca has
an cffective temperature that is too high for
similar Tertiary forests: they lived under condi-
tions of lower ET and higher M.

As for altitude, the preceding examples in-
dicate that at times of high equability (M), as
in the carly and middle Tertiary, ET was as
much as two to three points lower than it is
today in some madern forests that resemble
Tertiary floras. For this reason, if climatic data
selected for a Tertiary flora are based on sta-
tions of medium (M 45 to 50) instcad of high
(M 60 to 65*) equability, estimates of altitude
will be too high. This principle is illustrated in
Figure 5 by the ET lines (radii) that diverge
with departure from mean annual temperature
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57.2° F and with increasing anni
temperature. As equability decre
right in Fig. 5), points (Fig. 5,
A’-B’) on any two lines of ET—w
considered to represent the tem
quirements of lowland (A, A7)
(B, B') floras—become [arther a;
they are separated by a greater «
mean annual temperature. As shov
5, the theoretical floras representec
have high equability (M 60%) and :
by 12° F of mean annual tempc
temperature scale, left margin). Us
lapse rate (1° F decrease in tem:
278 ft), the floras at A and B are
separated by 3336 ft (12° x 278 =
the other hand, if the Horas lived us
equability (M 46 to 47), as shown f.
then they are separated by 19° F
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ALTITUDES OF FOCENE AND MIOCENE FOREST ZONiS

asing annual range of

serves as a base for sea level, the aloo
FT inferred Tor a contemporancous dora awiay
from the coast can be interred because the dif-
ference nomean anmual temperature provides
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ALTTIUDES OF FOCENE AND
MIOCENT FOREST ZONES

The Focene and carher Oligocene tinras of
the coustal stinp and adjacent vallevs that repe
resent evergreen broadlvaved loress mciude ihe
Goshen (Chavev and Sanborn, 193350 Com-
sock (S.anbern, 12335, La Poibury,
19355, and Clemno (iknowlon, (%020 Scott.
1954} their regional relations are discurid by
Chaney (1945 1948) and also by MacGimnie
(1937.71941). In the intenor, the mised de-
ciduous hardwood Torest represented by the
Yellowstone flora is under revision (Dorf,
1960), and MacGute (19606) s describing
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forest. Aselrod (1966a) desertbed an epland
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for example, fire, ash falls, and so forth.)?
Acer, Alnus, Betula, Populus, Ulmus,
Zelkova.

SHRUBS

Acer, Betula, Berberis, Comptonia, Cra-
tacgus, Micromeles, Holodiscus, Mahonia,
Prunus, Rhododendron, Ribes, Salix, Sorbus,
Vaccinium, Viburnum.
(* Genera represented by two to four species
each, allied to modern high. montane conifers)

TREES

coxtrers: (Remains comprise 30 percent or
more of entire flora.)
*Abies, *Picea, *Pinus, Pscudotsuga,
Pseudolarix, Cephalotaxus, Tsuga, Cha-
maccyparis, Thuja, Sequoia, Sequoiaden-
dron, Metasequoia.

DECIDUOUS HARDWOODS
Acer, Alnus, Aesculus, Betula, Carya,
Euonymus, Cercidiphyllum, Koelreuteria,
Pterocarya, Quercus, Ulmus, Zelkova.

EVERGREENS
Arbutus, Lithocarpus.

SHRUBS

Acer, Amelanchier, Cratacgus, Holodiscus,
Mahonia, Prunus, Rhododendron, Ribes,
Rosa, Sassafras, Sorbus, Spiraca.
(*Genera represented by two to four species cach,
allied to living high montane conifers)

2 Following destruction of modern forests by ash falls
or by fires, the dominant (climax) forest gradually be-
comes re-established through a series of successional
stages. Similar changes have their counterparts in the
Tertiary record. For example, in the Eocene Bull Run
flora, northeastern Nevada, pure subalpine conifer lorest
is replaced temporarily by conifer-hardwood forest at the
level where ash falls first appear in the sedimentary se-
quence, and then the pure conifer forest becomes re-
established at slightly higher stratigraphic levels. Com-
parable changes occur in the Eocene Germer and the
Miocene Carson Pass and Purple Mountain floras, They
show that certain species (that is, sycamore, poplar,
lingnut, oak) are predominant at particular stratigraphic

levels, but that at higher or lower horizons these pre- .

sumed successional species are rare, or subordinate to
plants that evidently represent a climax forest compased
of numerous genera, the common species of which differ
from the “‘successional’ forms. It is apparent that floras
in volcanic sequences may show important changes that
reflect only successional relations, not major forest mod-
ifications imposed by secular change of climate, or by a
change of altitude.

111, MIXED DECIDUOUS HARDWOOD
FOREST
TREES

costrers: (Remains comprise less than 25
percent, excluding those of hydric require-
ments, for example, Taxodium, Metase-
quoia, Glvptostrobus.)
Abies, Chamaecyparis, Glyptostrobus,
Keteleeria, Metasequoia,  Pseudolarix,
Torreya.

DECIDUOUS HARDWOODS
Acer, Alnus, Betula, Carva, Castanca,
Cercidiphyllum, Dalbergia,  Diospyros,
Dipteronia, Fraxinus, Hvdrangea, llex,
Juglans, Lindera, Nuvssa, Prerocarya,
Quercus, Tilia, Ulmus, Zelkova.

BROADLEAVED EVERGREENS
Alangium, Calyptranthes, Ficus, Ilex,
Inga, Machilis, Magnolia, Ocotea, Persea,
Quercus, Sterculia.

SHRUBS

Amclanchier, Berchemia, Cassia, Compto-
nia, Cornus, Mahonia, Rhamnus. Rhus,
Rosa, Salix, Styrax,

VINES
Actinidia, Tetracera.

IV. EVERGREEN BROADLEAVED FOREST
FERNS

Dennstaedtia, Hemitelia, Lastraea, Lygo-
dium.
TREES

GYMNOSPERMS
Cycas, Dioon, Glyptostrobus, Mectase-
quoia, Taxodium (Ginkgo. Pinus, Fokic-
nia, and so forth, very rare to absent).

BROADLEAVED EVERGREENS
Alangium, Annona, Astronium, Calvp-
tranthes, Cedrela, Chamaedora, Chaetop-
telea, Cinnamomum, Cordia, Cryptocarva,
Cupania, Dillenia, Engclhardtia. Eupte-
lea, Ficus, Gordonia, Litsca, Lonchocarpus,
Magnolia, Mallotus, Meliosma, Nectan-
dra, Persca, Quercus, Rhamnidium, Sabal,
Sapindus, Sapium, Siparuna Symplocos,
Terminalia.

DECIDUOUS HARDWOODS
(Generally rare except for hydric plants,
for example, Alnus, Platanus, Salix.)
Acer, Ailanthus, Alnus, Carya, Cer-
cidiphvllum, Cladrastris, Idesia, Inga,
Koelreuteria, Platanus, Zelkova.

SHRUBS
Hydrangea, llex, Rhamnus, Rhus, Pterosper-
mum, Viburnum.
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VINES
Actinidia, Aristolochia, Cissus, Cissampelos,
Callichlamys, Davilla, Hyperbaena, Holms-
kioldia, Petrea, Smilax, Tetracera.

The Miocene floras of the Snake River
Basin and border areas have been discussed in
numerous papers. Since references to all of them
can be found in recent monographs (Chaney,
1959; Axelrod, 1964) they need not be re-
viewed here. The major forest zones of the re-
gion, and the floras that represent them, arc
shown in Figure 7A. Typical plants (genera)
recorded in the floras of these vegetation zones
include:

I. SUBALPINE CONIFER FOREST*
TREES

CONIFERS
Abies, Larix, Picea, Pinus, Tsuga, Thuja,
Chamaccyparis, Sequoiadendron.

DECIDUOUS-HARDWOODS |
Acer, Alnus, Betula, Populus.

SHRUBS

Acer, Alnus, Betula, Amelanchier, Prunus,

Salix, Sorbus, Vaccinium.
(*Miocene floras with 80 percent or more montane
conifers have not been described. Palcoecologic data
suggest that some of the plants in floras having from
30 to 65 percent montane conifers probably con-
tributed to subalpine forests [see Chaney, 1959;
Axelrod, 1964].)

1. CONIFER-HARDWOQOD FOREST

TREES

CONIFERS
Abics, Picea, Pinus. Thuja, Tsuga, Cha-
maccyparis, Larix, Sequoia, Scquoiaden-
dron, Ketelecria, Pscudotsuga.

DECIDUOUS HARDWOODS
Accr, Alnus, Ailanthus, Betula, Carpinus,
Cercidiphyllum, Cornus, Carya, Fagus,
Fraxinus, Gymnocladus, Halesia, Liqui-
dambar, Nyssa, Populus, Prerocaryva,
Quercus, Sophora, Tilia, Ulmus, Zelkova.

BROADLEAVED EVERGREENS
Arbutus, Cedrela, llex, Persea. Quercus,

Lithocarpus.
SIHHRURBS
Alnus, Acer, Amelanchier, Betula, Cratacgus,
Holodiscus, Lindera, Mahonia, Ostrya,

Prunus, Rhus, Rosa, Salix, Sassafras, Sorbus,
Rhamnus, Symphoricarpos.

VINES

Parthenocissus, Smilax.

D. I. AXELROD—TERTIARY FLORAS, SNAKE RIVER BASIN, 1DAHO

1. MINXED DECIDUOUS HARDWOOD
FOREST

TREES

CONIFERS®
Cephalotaxus, Ketcleeria, Pinus, Fokienia,
Taxodium, Glyptostrobus, Metasequoia.
DECIDUOUS HARDWOODS
Acer, Ailunthus, Alnus, Albizzia, Carpinus,
Carya, Castanca, Cercidiphyllum, Diospy-
ros, Exbucklandia, Fagus, Fraxinus, Hale-
sia, Liquidambar, Liriedendron, Magnolia,
Nyssa, Platanus, Populus, Prerocarva,
Quercus, Sophora, Tilia, Ulmus, Zelkova.
HROADLEAVED EVERGREENS
Arbutus, Castanopsis, Cedrela, Machilus,
Magnolia, Orcopanax, Persea. Quercus.
SHRUBS
Amelanchier, Celus, Comptonia, Cornus,
Crataegus, Euonymus, Hydrangea, Ilex.
Gaultheria,  Mahonia, Lindera, Ostrya.
Philadelphus, Paliurus, Rosa, Salix, Sassa-
fras, Vaceinium, Viburnum.

VINES
Cocculus, Vitis, Smilax.
(*Species of Abies, Picea, Tsuga, Thuja, and so
forth occur in these floras in small number. They
probably were scattered and represented members
of conifer-hardwood forest that lived in cooler sites
in these lowland basins.)

EOCENE AND MIOCENE
TOPOGRAPHY

Using the altitudes inferred for the sedi-
mentary basins in which the Eocene and Mi-
ocene floras occur, it is feasible to construct a
crude topographic map for each epoch. Tt is
realized that the ““benchmarks™ (floras) are not
as numerous as might be desired, and that
actual relief was far more diverse than can pos-
sibly be reconstructed from evidence available
today. It is also granted that other paleo-
botanists, using quite different methods 10
estimate altitude,® probably would assign dif-

3 A frequently used method interpolates the altitudes
of similar modern forests into those of the past, The
chicl weaknesses of this method are: (1) Climates that
now control the altitudes of forest zones are not the same
as those of the Tertiary. (2) Even at the same latitude,
the altitude df a forest zone varies in different parts of
the continent. For example, at lat 42° N. the lower
margin of subalpine forest is at 4500 {t in northwestern
California, at 7000 {1 in northeastern California, at $000
{t in northeastern Nevada, and at 3000 {t in central New
York. In northern Honshu it is at 2500 ft at Jat 42° N,
Since Tertiary subalpine forests show relationship 1o all
these forests, the present altitudes of the hiving forests
cannot dircctly indicate the altitudes of related fossil

forests.
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ferent (chiefly higher) levels to the fossil
floras. Irrespective of the alticudes that might
be inferred by any other method, the conclu-
sion wiCx respect to general Eocene and Mi-
ocene topography in the Snake River basin
region would agree with the results reached
here (Figs. 6B and 7B). The evidence suggests
that, whereas an upland occupied the present
area of the Snake River basin during the
Eocene, a lowland basin coincided with it by
Miocene time. This implies that the trough
was probably initiated during the Oligocene.
Although subsidence ma- have commenced in
the western sector (for example, Oregon) dur-
ing the later part of the Eocene, available
evidence suggests that the axis in south-central
Idaho was not affected until later. Growth of
the trough may be portrayed as an eastward-
moving rent whose north flank moved slowly
northward during the rest of the Cenozoic.
This is inferred from pattern of folded volcanic
rocks north of the Idaho orocline (see Cohee
and others, 1960; also Fig. 1), by the down-
warping in the east half of the basin that affects
Pliocene and younger rocks, by active faulting
at the eastern margin of the basin (Hamilton
and Myers, 1966), and by geophysical evidence
which indicates that the arca from the western
half of the basin westward into Oregon is
floored by high density (*‘basaliic”) rocks (see
references in Hamilton and Myers, 1966,
p. 537).

The paleobotanic relations which suggest
that an upland occupied the present site of the
Snake River basin during Focene is supported
by three additional lines of geologic evidence:

(1) Geologic data indicate that central Idaho
and Nevada formed an upland source area for
sediments of the Cretaceous Rocky Mountain
and Dacific Coast geosynclines (Gilluly, 1949,
1963; King, 1959). The central part of the
source region was close to the axis in which the
Eocenc montane forests occur (Fig. 8), an area
that includes the Idaho batholith and related
plutonic bodies to the south in Idaho (Owyhee
Mts.-Ruby Hills) and Nevada (Bull Run Mts.-
Jarbidge Mts.-Contact) which were emplaced
during the middle and later Cretaceous (Jaffe
and others, 1959; Coats and others, 1965). The
region was uplifted and eroded sufficiently
during later Cretaceous and Paleocene times to
expose plutenic and metamorphic rocks be-
cause they are covered by Eocene volcanic se-
quences (see below). That uplift and erosion
continued into early Tertiary is also inferred

from the absence of late Cretaceous and
Palcocene sedimentary rocks on the northern
and southern flanks of the Snake River Plain.

(2) Similar Eocene volcanic sequences rest on
basement rocks on opposite sides of the Snake
River Plain. To the north, Eocene floras (Sal-
mon, Germer, Thunder Mountain, Democrat
Creek, Bullion Gulch) oceur in tuffaceous sedi-
mentary rocks interbedded with the Challis
Volcanics. These rocks (Fig. 1) extend to the
margin of the plain, where they are truncated
by faults or disappear under a cover of younger
formations. On the south side of the trough,
about 20 miles southeast of Blackfoot, thereisa
patch of volcanic rocks (basalt, andesite, rhyo-
lite) similar to the Challis (Mansfield, 1927).
Farther west, on the south side of the Snake
River basin in northeastern Nevada, the Dead-
horse Tuff in the Jarbidge area (Coats, 1964)
and the Frost Creek Volcanics in the Bull Run
region (Decker, 1964) are only slightly (5 m.y.)
younger than the Challis. Coats (oral commun.,
1966) states that rocks of this sequence are
widespread in the Mountain City-Jarbidge re-
gion. They also occur in the Cornucopia mining
district west of the Bull Run basin, as well as in
the Tuscarora Mountains to the south (Fig. 1).

Examination of thin sections of volcanic
rocks from these arcas on opposite sides of the
Snake River Plain reveals identical types. In
addirion, the biotite rhyolite 20 miles south-
southwest of Grandview, Idaho, in-the upper
drainage of Shoofly Creck (Littleton and
Crossthwaite, 1957) is very similar to rhyolite
exposed near Fairfield on the north side of the
basin. The rhyolite welded tuff and lower basalt
in the Silver City district (Lindgren, 1904:
Piper and Laney, 1926) may also belong to this
volcanic sequence; the rhyolite resembles that
in the Challis Volcanics near Thunder Moun-
tain. The volcanic rocks with which the Yellow-
stone flora is associated are similar in composi-
tion and age to the lower Challis, and appear to
represent the castern border of the Eocene vol-
canic field (Fig. ).

There are volcanic rocks in northeastern
California and north-central Oregon that lie

“on a granitic-mefamorphic terrain on opposite

sides of the Tertiary volcanic field that may
represent part of this Eocene sequence (Fig. 1).

In northeastern California, the lower part of
the Lower Cedarville Volcanics (Russell, 1928),

representing andesite flows, tuffs, and mudflow
breccias and some associated rhyolite, is upper
Eocene (Axelrod. 1966b). The sequence is

b
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tinuity of similar volcanic rocks across the
present basin area during the Eocene is paral-
leled by the distribution of the Succor Creek
and Payette Formations in¢he Miocene, by the
Idavada Volcanics in the late Miocene and
carly Pliocene, by the Banbury Formation

plants that require a pronounced dry scason
evidently were not present on bordering slopes
in Wyoming-adjacent Colorado during carlier
Eocene and Paleocene times, judging {rom the
fossil floras of that region. However, they were
present in savanna areas to the south and south-

Tanie 2. CorreraTioN oF Eockxe Formatioxs Borpeuing e Sxake River Basix®

REGION SNAKE RIVER 8AS5IN AREA
North Flank Souvith Flaonk Las! Border
DA HO NE NEVADA
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& ] Uintan oLt I e —z Fm.
o Rhyolite ond Rhyalite, H_ Frost Creek
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* References 1o areas in the text. K-Ar dates indicated by *,

during middle Pliocene, and by the upper
Pleistocene Snake River Basalt, which forms a
visible ligation across the basin today. If the
suggested Eocene correlations are substantially
correct (Table 2), then the postulated Eocene
volcanic field was of considerable extent (Fig,
1), it was thick (2000 to 3000 ft, locally 5000 fr)
and was constructed throughout Focene (mid-
Wasatchian through Duchesncan) time, judging
from radiometric dates of volcanic rocks.

(3) The Eocene floral sequence of south-
western Wyoming-adjacent Colorado reveals a
very rapid change from evergreen broadleaved

. forest (Tipperary, Kisinger Lakes floras) of
 carly middle Eocene age to dricr savanna and
scrub (type Green River, Little Mountain
,l floras) of late middle Eocene and late Eocene
- age (MacGinitie, 1966). The environmental
| change, occurring within a few hundred feet
! stratigraphically, is too rapid to attribute to
the secular climatic trend. Furthermore, condi-
! tions suited to the evolution of these distinetive

west during those times, and probably in the
Cretaccous as well (Axelrod. 1958, Fig. 2). Fur-
thermore, palynological study of the lower
Eocene (Capay) Del Mar Member of the La
Jolla Formation near San Diego indicates the
presence of dry tropic forest and thorn forest
vegetation (Ting, 1967, oral commun.) These
data support the suggestions that (1) the dis-
tinctive Green River plants probably migrated
[rom dry regions in the south as suitable condi-
tions spread over the lowlands in northwest
Colorado-Wyoming, and that (2) drier condi-
tions rapidly developed in the lee of an upland
which evidently rgached its maximum altitude
near the close of middle Eocene (Green River)
time.

EOCENE VOLCANIC PLATEAU
General Topography

The Eocene volcanic sequences, from 2000
to 5000 fr thick, largely buried an older werrain,

aving only a few peaks Qf b
standing above the general level «
The surface on which the \'(_ch:mu
is now preserved on both sides of

On the north, in the Casto qua
west of Challis, Idaho, the contac
Challis Volcanics and the basem
relief, with most local hills risi:
hundred fect (Ross, 1934, pp.
relatively flat erosion surface exte
the Custer quadrangle whc_rc it
20 miles in the Salmon River ¢

- -1937). Low relicf over most ol

also suggested by the general a
glomerate 1n the associated seu
tions. By contrast, in the adjoi
region to the east, large-boulder
are present, and they accumula
slopes that were confined to
(Ross, 1937, p. 88). Ross emph
pre-Challis surface now between
ft is much less dissected than p:
Challis surface now between 500
The contrast is so marked, an
gentle topography so broad, as
(1) the east part of the region
late mature stage of crosion, and
rejuvenation, deep \';l!.lncys wer:
into it just prior to burial by €
(Ross, 1937, p. 88). _
The highs on the pre-Chal
respond with those of the presen
they were appreciably l(m_'cr (R
licfon the basement now rises ne
it was less during Eocenc time,
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volcanic plateau apparently stretched from
north-central Idaho into Nevada, and from
western Wyoming possibly to northern Califor-
nia and castern Oregon.

(3) The high central part of the plateau axis
was covered with subalpine conifer and conifer-
hardwood forests. The former implies an
average minimum altitude near 4000 ft, and
structural evidence suggests that locally the
highest peaks probably stood near 6000 ft.

(4) The conifer-hardwood forest graded cast
and west to deciduous hardwood and thence to
evergreen broadleaved forest near the margins
of the voleanic plateau at an altitude of about
1500 fr in Wyoming and central Oregon.

(5) The Snake River basin evidently formed
during Oligocene time, apparently as a ten-
sional rift in the lee of the Idaho batholith,
which began to drift north (Hamilton and
Myers, 1966). Subsidence may have begun

carlier in the west, with the basin opening up as
an ever-widening rent, floored with denser
(**basaltic™) rock in its western half.

(6) Miocene floras show that the basin had
formed. Mixed deciduous hardwood forest in
the Miocene Snake River basin suggests a
minimum altitude near 1000 to 1500 ft in the
western half, whereas conifer-hardwood forest
on its adjacent flanks was at least 1000 to 2000
[t higher, grading into subalpine conifer forest
at higher levels farther north and south.

(7) Assubsidence continued, remnants of the
Eocene voleanic plateau were left perched on
the flanks of the basin. The subsiding central
part was progressively buricd by younger
formations that accumulated as the trough con-
tinued to subside and widen during the rest
of the Cenozoic, while the Idaho batholith ap-
pears to have continued to drift slowly north-
ward.

(8) Subsidence of the Snake River basin was
accompanied by uplift of the bordering high-
lands, which now stand at 11,000 to 12,000
ft ascompared with about 6000 to 7000 ft in the
Eocene. .
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Metcorological stations providing ¢
some major forest types (sec Fig.

SUBALPINE CONIFER FORI

. CALIFORNIA. Soda Springs.
South Lake, Huntington Lz
NEW ENGLAND. First Co‘r
Eastport. GREAT LAKES
Harbor, Mich.: Humboldt.
O'Lakes, Wisc. OREGON-HW.
Crater Lake, Mt. Rainier |
Lake, Ranger Stations, Stey
-qualmie Pass, JAPAN-KUR
Sikka.

t CONIFER-HARDWOOD FOL

VERMONT. St. Albans. M ASS
Adams. NEW HAMPSHI
MICHIGAN. Mackinaw Ci
Chatham Expt. Farm. Stanc
SIN. Rheinlander, Minocqu:
hauser, Dodgeville. NEW
Placid, Indian lake. PEA
Coudersport, Somerset 1
WEST VIRGINIA. Shady S
Oiwake, Otiai. CHINA. 1l
Imienpo, Kungchuling.

REDWOOD FOREST

CALIFORNIA. Scotia, Santa
Crescent City.

DECIDUOUS BROADLEAVE
CHIN A. Chaoyang, Peking, 'l
MARYLAND. Cumberlanc
DELAWARE. Milford, ¢
INDIANA. Rockville, Was
son. JLLINOIS. Mt Vern
1"4NIA. Ephrata, Belefonte
WEST VIRGINIA. Cairo.

MIXED MESOPHYTIC Fli
TZE BASIN)
CHINA. Engshib, Nanking, |
EVERGREEN BROADLEAV

JAPAN. Kagoshima, Osaka, *
NA. Chanting, Yungkia,
chung, Kunming.

TEMPERATE RAINFORES]

GUATEMALA. Coban (abc
Huatusco, Jalapa. Orizaba. €
Swatow, Wuchow, Yunm
TAINW AN, Taipet.



